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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 support a United States Nuclear Regulatory Commission
(NRC) licensing review as a spent nuclear fuel (SNF) dry storage cask under requirements specified
in 1OCFR72 [1.0.1]. This FSAR describes the basis for NRC approval and issuance of a Certificate
of Compliance (C of C) for storage under provisions of 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 certificate holder. This report is also suitable for
incorporation into a site-specific Safety Analysis Report, which may be submitted by an applicant
for a site-specific 10 CFR 72 license to store SNF at an ISFSI or a facility similar in objective and.
scope. Table 1.0.1 contains a listing of the terminology and notation used in this FSAR.

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

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

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 ofNUREG-1 536. 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).

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL.
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The generic design basis and the corresponding safety analysis of the HI-STORM 100 System
contained in this FSAR are intended to bound the SNF characteristics, design, conditions, and
interfaces that exist in the vast majority of domestic power reactor sites and potential away-from-
reactor storage sites in the contiguous United States. This. FSAR also provides the basis for
component fabrication and acceptance, and the requirements for safe operation and maintenance of
the components, consistent with the design basis and safety analysis documented herein. In
accordance with IOCFR72, Subpart K, site-specific implementation of the generically certified HI-
STORM 100 System requires that the licensee perform a site-specific evaluation, as defined in
I OCFR72.212. The HI-STORM 100 System FSAR identifies a limited number of conditions that are
necessarily site-specific and are to be addressed in the licensee's IOCFR72.212 evaluation. These
include:

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

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

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

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

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

Performance of pre-operational testing.

* Implementation of a safeguards and accountability program in accordance with
iOCFR73. Preparation of a physical security plan in accordance with IOCFR73.55.

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

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM 100 FSAR Rev. 6
REPORT HI-2002444 1.0-2

HI-STORM 100 FSAR Revision 6; February 7, 2008



The generic safety analyses contained in the HI-STORM 100 FSAR may be used as input and for
guidance by the licensee in performing a 1OCFR72.212 evaluation.

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

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

The HI-STORM 100 System has been expanded slightly to include options specific for Indian Point
Unit 1. The affected components are the MPC enclosure vessel, MPC-32 and MPC-32F, HI-STORM
IOOS Version B and HI-TRAC I OOD. Information pertaining to these changes is generally contained
in supplements to each chapter identified by a Roman numeral "II" (i.e. Chapter 1 and Supplement
1.11). Certain sections of the main FSAR are also affected and are appropriately modified for
continuity with the "II" supplements. Unless superseded or specificallymodified by information in
the "II" supplements, the information in the main FSAR chapters is applicable to the HI-STORM
100 System at Indian Point Unit 1.

Supplements identified by a Roman numeral "I"(i.e. Chapter 1 and Supplement 1.1) have been
inserted in the FSAR as placeholders for future use.

1.0.1 Engineering Change Orders

The changes. authorized by the Holtec ECOs (with corresponding 1OCFR72.48 evaluations, if
applicable) listed in the following table are reflected in Revision 6of this FSAR.

LIST OF ECO'S AND APPLICABLE . 0CFR72.48 EVALUATIONS

Affected Item ECO Number 72.48 Evaluation or
Screening Number

MPC-68/68F/68FF Basket _ _ _

MPC-24/24E/24EF Basket 1022-72 828
MPC-32 Basket 1023-50 N/A

MPC Enclosure Vessel 1021-94 N/A
1022-73 N/A
1023-51 N/A
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HI-STORM Overpack 1024-137 849

1024-139 853

1024-141 N/A

HI-TRAC 100 and IN0D
Transfer Cask

HI-TRAC 125 and 125D
Transfer Cask

General FSAR Changes 5014-128 N/A
5014-133 834
5014-147 854
5014-148 856
5014-149 863

N/A 857
5014-151 N/A
5014-152 N/A
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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.

BoralTM means Boral manufactured by AAR Advanced Structures.

BWR is an acronym for boiling water reactor.

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

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

Confinement Boundary means the outline formed by the sealed, cylindrical enclosure of the Multi-
Purpose Canister (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 providingthe 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. ISFSL for which the owner/user
exercises authority over its use and within which operations are performed.

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

DBE means Design Basis Earthquake.

DCSS is an acronym for Dry Cask Storage System.

Damaged Fuel Assembly is a fuel assembly with known or suspected cladding defects, as
determined by review of records, greater than pinhole leaks or hairline cracks, empty fuel rod
locations that are not replaced with dummy fuel rods, missing structural components such as grid
spacers, whose structural integrity has been impaired such that geometric rearrangement of fuel
or gross failure of the cladding is expected based on engineering evaluations, or those that cannot
be handled by normal means. Fuel assemblies that cannot be handled by normal means due to
fuel cladding damage are considered fuel debris.

Damaged Fuel Container (or Canister) means a specially designed enclosure for damaged fuel or
fuel debris which permits gaseous and liquid media to escape while minimizing dispersal of gross
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Table 1.0.1 (continued)

TERMINOLOGY AND NOTATION

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

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

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

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

Design Specification is a document prepared in accordance with the quality assurance requirements
of IOCFR72 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. TheFSAR serves as.
the Design Specification for the HI-STORM 100 System.

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

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

FSAR is an acronym for Final Safety Analysis Report (IOCFR72).

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

Fuel Debris is ruptured fuel rods, severed rods, loose fuel pellets, containers or structures that
are supporting these loose fuel assembly parts, or fuel assemblies with known or suspected
defects which cannot be handled by normal means due to fuel cladding damage.

High Burnup Fuel, or HBF is a commercial spent fuel assembly with an average burnup greater
than 45,000 MWD/MTU.
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Table 1.0.1 (continued)

TERMINOLOGY AND NOTATION

ItI-TRAC transfer cask or HI-TRAC means the transfer cask used to house the MPC during MPC
fuel loading, unloading, drying, sealing, and on-site transfer operations to a HI-STORM storage
overpack or HI-STAR storage/transportation overpack. The HI-TRAC shields the loaded MPC
allowing loading operations to be performed while limiting radiation exposure to personnel. HI-
TRAC is an acronym for Holtec International Transfer Cask. In this FSAR there are several HI-
TRAC transfer casks, the 125-ton standard design HI-TRAC (HI-TRAC-125), the 125-ton dual-
purpose lid design (HI-TRAC 125D), the 100-ton HI-TRAC (HI-TRAC-100), the 100-ton dual
purpose lid design (HI-TRAC IOOD), and the 75-ton dual purpose lid design for Indian Point 1 (HI-
Trac 100D Version IPI). The 100-ton HI-TRAC is provided for use atsites with a maximum crane
capacity of less than .125 tons. The term HI-TRAC is used as a generic term to refer to all HI-TRAC
transfer cask designs, unless the discussion requires distinguishing among the designs.. The. HI-
TRAC is equipped with a pair of lifting trunnions and the HI-TRAC 100 and HI-TRAC 125 designs
also includepocket trunnions. The trunnions are used to lift and downend/upend the HI-TRAC with
a loaded MPC.

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

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

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

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

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

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
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Table 1.0.1 (continued)

TERMINOLOGY AND NOTATION

spent fuel storage in accordance with I OCFR72.

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. Fuel
assemblies without fuel rods in fuel rod locations shall not be classified as Intact Fuel Assemblies
unless dummy fuel rods are used to displace an amount of water greater than or equal to that
displaced by the fuel rod(s).

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

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

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

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

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

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

MGDS is an acronym for Mined Geological Disposal System.

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

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

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

NDT is an acronym for Nil Ductility Transition Temperature, which is defined as the temperature at
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Table 1.0.1 (continued)

TERMINOLOGY AND NOTATION

which the fracture stress in a material with a small flaw is equal to the yield stress in the same
material if it had no flaws.

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

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

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

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

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

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

PWVR is an acronym for pressurized water reactor.

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

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

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

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

Short-term Operations means those normal operational evolutions necessary to support fuel
loading or fuel unloading operations. These include, but are not limited to MPC cavity drying,
helium backfill, MPC transfer, and onsite handling of a loaded HI-TRAC transfer cask.
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Table 1.0.1 (continued)

TERMINOLOGY AND NOTATION

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.

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

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

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

ZPA is an acronym for zero period acceleration.

ZR means any zirconium-based fuel cladding material authorized for use in a commercial nuclearpower plant reactor. Any referenceto Zircaloy fuel cladding in this FSAR applies to any zirconium-
based fuel cladding material.
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Table 1.0.2

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

Applicable

Regulatory Guide 3.61 Associated NUREG- 1OCFR72 HI-STORMSection and Content 1536 Review Criteria or 1OCFR20 FSARIRequirement
1. General Description

1.1 Introduction 1.III.1 General Description IOCFR72.24(b) 1.1
& Operational
Features

1.2 General Description 1.l1l.1 General Description 1OCFR72.24(b) 1.2
& Operational

_ _ _ _ _Features

1.2.1 Cask 1.III.1 General Description IOCFR72.24(b) 1.2.1.
Character- & Operational
istics Features

1.2.2 Operational 1.111.1 General Description IOCFR72.24(b) 1.2.2
Features & Operational

* Features
1.2.3 Cask 1.II1.3 DCSS Contents IOCFR72.2(a)(1) 1.2.3

*Contents IOCFR72.236(a)
13 Identification of 1.1II.4 Qualificationof the IOCFR72.24(j) 1.3

Agents.& Contractors Applicant IOCFR72.28(a)
1A Generic Cask Arrays 1.11I.1 General Description 1OCFR72.24(c)(3) 1.4

& Operational
Features

1.5 Supplemental Data 1.I11.2 Drawings 1OCFR72.24(c)(3) 1.5
NA 1.I1I.6 Consideration of 10CFR72.230(b) 1.1

Transport 1OCFR72.236(m)
Requirements

NA 1.II1.5 Quality Assurance IOCFR72.24(n) 1.3
2. Principal Design Criteria

2.1 Spent Fuel To Be 2.I1I.2.a Spent Fuel I IOCFR72.2(a)(1) 2.1
Stored . Specifications I OCFR72.236(a)

2.2 Design Criteria for 2.ii.2.b External
Environmental Conditions, IOCFR72.122(b) 2.2
Conditions and 2.111.3.b Structural, IOCFR72.122(c) 2.23.3, 2.2.3.10
Natural Phenomena 2.II1.3.c Thermal

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

2.2.1 Tornado and 2.111.2.b External Conditions 1OCFR72.122(b) 2.2.3.5
Wind (2)
Loading
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

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

Requirement

2.2.2 Water Level 2.111.2.b External Conditions IOCFR72.122(b) 2.2.3.6
(Flood) (2)

2.111.3.b Structural
2.2.3 Seismic 2.III.3.b Structural 10CFR72.102(f) 2.2.3.7

I OCFR72.122(b)
(2)

2.2.4 Snow and Ice 2.III.2.b External Conditions 1OCFR72.122(b) 2.2.1.6

2.111.3.b Structural
2.2.5 Combined 2.I1.3.b Structural 1OCFR72,24(d) 2.2.7

Load 1 OCFR72.122(b)
• -. (2)(ii)

NA 2.111.1 Structures, Systems, I OCFR72.122(a) 2.2.4
and Components 1OCFR72.24(c)(3)
Important to Safety

NA 2.111.2 Design Criteria for iOCFR72.236(g) 2.0, 2.2
Safety' Protection 1OCFR72.24(c)(1)
Systems 1OCFR72.24(c)(2)

1 OCFR72.24(c)(4)
O10CFR72.120(a)

IOCFR72.236(b)

NA 2.III.3.c Thermal. 10CFR72.128(a) 2.3.2.2, 4.0" : (4)

NA- 2.1Il.3f Operating IOCFR72.24(f) 10.0, 8.0
Procedures I OCFR72.128(a).

.. (5)
•,!CFR72.236(h) 8.0

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

1OCFR72.236(1) 2.3.2.1

.O10CFR72.24(e) .10.0, 8.0
I OCFR72.104(b)

2.Ili,3.g Acceptance 1OCFR72.122(1) 9.0
Tests & 1OCFR72.236(g)
Maintenance 1OCFR72.122(f)

I OCFR72.128(a)

2.3 Safety Protection 2.3
Systems
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

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

Requirement
2.3.1 General .... 2.3
2.3.2 Protection by 2.111.3.b Structural IOCFR72.236(1) 2.3.2.1

MultipleConfinement 2.111.3.c Thermal 1OCFR72.236(f) 2.3.2.2

Barriers and 2.111.3.d Shielding/ 10CFR72.126(a) 2.3.5.2
Systems Confinement/ 1OCFR72.128(a)

Radiation (2)
Protection IOCFR72.128(a) 2.3.2.1

(3)
IOCFR72.236(d) 2.3.2.1, 2.3.5.2

1O CFR72.236(e) 2.3.2.1

2.3.3 Protection by 2.111.3.d Shielding/ I OCFR72.122(h) 2.3.5
Equipment & Confinement/ (4)
Instrument Radiation 1 OCFR72.122(i)
Selection Protection 1OCFR72.128(a)

(1)

2.3.4 Nuclear 2.1I1.3.e Criticality
Criticality 1OCFR72.124(a) 2.3.4, 6.0
Safety 10CFR72.236(c).

IOCFR72.124(b)
2.3.5 Radiological 2.11H.3.d Shielding/ 10CFR72.24(d) 10.4.1

Protection Confinement/ I OCFR72.,104(a)
Radiation 1OCFR72.236(d) .

Protection 1OCFR72.24(d): 10.4.2
i0CFR72.106(b)
IOCFR72.236(d)
IOCFR72.24(m) 2.3.2.1

2.3.6 Fire and 2.111.3.bStructural. 10CFR72.122(c) 2.3.6,'2.2.3.10
Explosion.
Protection '

2.4 Decommissioning 2.111.3.h Decommissioning 1OCFR72.24(f) 2.4
Considerations I 0CFR72.130

I OCFR72.236(h)
14.111.1 Design IOCFR72.130 2.4
14.I11.2 Cask 1OCFR72.236(i) 2.4

Decontamination
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

Applicable
Regulatory Guide 3.61 Associated NUREG- 10CFR72 HI-STORM

Section and Content 1536 Review Criteria or 10CFR20 FSAR
Requirement

14.111.3 Financial IOCFR72.30 (1)
Assurance &
Record Keeping

.14.111.4 License IOCFR72.54 0)

Termination
3. Structural Evaluation

3.1 Structural Design 3.II1.1 SSC Important to 1OCFR72.24(c)(3) 3.1
Safety I OCFR72.24(c)(4)

3.111.6 Concrete Structures IOCFR72.24(c) 3.1

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

3.3 Mechanical 3.V.1.c Structural Materials IOCFR72.24(c)(3) 3.3
Properties of
Mapertias o3.V.2.c Structural MaterialsMaterials

NA 3.III.2 Radiation• 10CFR72.24(d) 3.4.4.3
Shielding, I OCFR72.124(a) 3.4.7.3
Confinement, and IOCFR72.236(c) 3.4.10
Subcriticality 1OCFR72.236(d)

_ _1OCFR72.236(l)

NA 3.I1i.3 Ready Retrieval I1CFR72.122(f) 3.4.4.3
IOCFR72.122(h)
IOCFR72.122(1)

NA 3.I1I.4 Design-Basis I OCFR72.24(c) 3.4.7
Earthquake 10CFR72.102(.)

NA. 3.1Ii.5 20 Year Minimum 10CFR72.24(c) 3.4.11
Design Length IOCFR72.236(g) 3.4.12

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

Galvanic Design Features
Reactions

3.4.2 Positive .... 3.4.2
Closure

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

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

Applicable
Regulatory Guide 3.61 Associated NUREG- 10CFR72 rn-STORM

Section and Content 1536 Review Criteria or 10CFR20 FSAR
Requirement

3.4.4 Heat 3.V.1.d Structural Analysis IOCFR72.24(d) 3.4.4
I OCFR72.122(b)

3.4.5 Cold 3.V.i.d Structural Analysis 1OCFR72.24(d) 3.4.5
10 OCFR72.122(b)

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

4. Thermal Evaluation
4.1 Discussion 4.111. 'Regulatory IOCFR72.24(c)(3) 4.1

Requirements IOCFR72.128(a)
(4)
10CFR72.236(f)
IOCFR72.236(h)

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

4.3 Specifications for 4.IV Acceptance Criteria 10CFR72.122(h) 4.3
Components I SG- 11, Revision 3 (1)

4.4 Thermal Evaluation 4.IV Acceptance Criteria I OCFR72.24(d) 4.4, 4.5
for Normal ISG- 11, Revision 3 1OCFR72.236(g)
Conditions of Storage

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

4.5 Supplemental Data 4.V.6: Supplemental Info. -7

__5. Shielding Evaluation
5.1 Discussion and -- 1OCFR72.104(a) 5.1

Results 1OCFR72.106(b)

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

5.2.1 Gamma 5.V.2.a Gamma Source 5.2.1, 5.2.3
Source

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM 100 FSAR
REPORT HI-2002444 1.0-15

Rev. 6

HI-STORM 100 FSAR Revision 6; February 7, 2008



Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

Applicable
Regulatory Guide 3.61 Associated NUREG- 10CFR72 HI-STORM

Section and Content 1536 Review Criteria or 10CFR20 FSAR
Requirement

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

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

5.3.1 Description 5.V.3.a Configuration of the 1OCFR72.24(c)(3) 5.3.1
of the Radial Shielding and Source
and Axial
Shielding
Configura-
tions

5.3.2 Shield 5.V.3.b Material Properties 10CFR72.24(c)(3) 5.3.2
Regional
Densities

5.4 Shielding Evaluation 5.V.4 Shielding Analysis 1OCFR72.24(d) 5.4
10OCFR72.104(a)
1OCFR72.106(b)
•lOCFR72.128(a)
(2)
"OCFR72.236(d)

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

6. Criticality Evaluation
6.1 Discussion and -- 6.1

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

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

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

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

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

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

Regional 10CFR72.124(b)
1OCFR72.236(g)

Densities
6.4 Criticality 6.V.4 Criticality Analysis IOCFR72.124. 6.4

Calculations
6.4.1 Calculational 6.V.4.a Computer Programs I OCFR72.124 6.4.1

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

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

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

I OCFR72.236(c)

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

6.4.3

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

__ __ __ __ __ __ __ __7. Confinement . ... ..
7.1 Confinement 7.I11lI Description of 1OCFR72.24(c)(3) 7.0, 7.1

Boundary Structures, Systems 1OCFR72.24(1)
and Components
Important to Safety~ISG-18

7.1.1 Confinement 7.II!.2 Protection of Spent I OCFR72.122(h) 7.1,7.1.1
Vessel Fuel Cladding (1)

7.1.2 Confinement .... 7.1.2
Penetrations

7.1.3 Seals and .... 7.1.3
Welds
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

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

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

7.2 Requirements for 7.111.7 Evaluation of IOCFR72.24(d) 7.1
Normal Conditions of • Confinement System 1OCFR72.236(1)
Storage ISG-18
7.2.1 Release of 7.111.6 Release of Nuclides IOCFR72.24(1)(1) 7. 1

Radioactive to the Environment
Material 7.111.4 *Monitoring of 10CFR72.122(h) 7.1.4

Confinement System (4)
I OCFR72.128(a)
0()

7.11I.5 Instrumentation I OCFR72.24(1) 7.1.4
IOCFR72.122(i)

7.111.8 Annual Dose IOCFR72.104(a) 7.1
ISG-18

7.2.2 Pressurization -- 7.1
of
Confinement
Vessel

.7.3 Confinement 7*.111.7 Evaluation of IOCFR72.24(d) 7.1
Requirements for Confinement System I OCFR72.122(b)
Hypothetical 1ISG- 18 10CFR72.236(l)
Accident Conditions
7.3.1 Fission Gas ,- -- • 7.1

Products
7.3.2 Release of " ISG-18 -- 7.1

Contents
NA -- !OCFR72.106(b) 7.1

7.4 Supplemental Data 7.V Supplemental Info. --

8. Operating Procedures
8.1 Procedures for 8.111.1 Develop Operating 1OCFR72.40(a)(5) 8.1 to 8.5

Loading the Cask Procedures
8.1II.2 Operational IOCFR72.24(e) 8.1.5

Restrictions for I OCFR72.104(b)
ALARA

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

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

Applicable
Regulatory Guide 3.61 Associated NUREG- 1OCFR72 HI-STORM
Section and Content 1536 Review Criteria or 1OCFR20 FSAR

Requirement
8.111.4 Written Procedures I OCFR72.212(b) 8.0

(9)
8.l.5 Establish Written IOCFR72.234(f) 8.0

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

and Unloading Introduction
Compatibility

8.111.7 Cask Design to 10CFR72.236(i) 8.1, 8.3
Facilitate Decon

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

8.111.2 Operational I:OCFR72.24(e) 8.3
Restrictions for IOCFR72.104(b)
ALARA

8.1Ii.3 Radioactive 1OCFR72.24(1)(2) 8.3.3
Effluent Control

8.111.4 Written Procedures 1OCFR72.212(b) 8.0
' (9).

8.111.5 Establish Written IOCFR72.234(f) 8.0
Procedures and Tests

8.I11.6 Wet or Dry Loading 1OCFR72.236(h) 8.0
and Unloading
Compatibility

8.111.8 *Ready Retrieval 1OCFR72.122(l) 8.3
8.3 Preparation of the -- -- 8.3.2

Cask
8.4 Supplemental Data Tables 8.1.1 to

•.8.1.10

NA 8.III.9 Design to Minimize 1OCFR72.24(f) 8.1, 8.3
Radwaste 10CFR72.128(a)

.... __ _ _ _ _ _ _ _ (5).
8.I1I.10 SSCs Permit 1OCFR72.122(f) Table 8.1.6

. Inspection,
Maintenance, and
Testing

9. Acceptance Criteria and Maintenance Program
9.1 Acceptance Criteria 9.lII. 1.aPreoperational 1OCFR72.24(p) 8.1,9.1

Testing & Initial
Operations
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

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

Requirement
9.111.1.c SSCs Tested and IOCFR72.24(c) 9.1

Maintained to IOCFR72.122(a)
Appropriate Quality
Standards

9.111.1.d Test Program IOCFR72.162 9.1
9.1!I. .e Appropriate Tests 1OCFR72.236(l) 9.1
9.111.1 .f Inspection for IOCFR72.236(j). 9.1

Cracks, Pinholes,
Voids and Defects

9.111.1.g Provisions that IOCFR72.232(b) 9. (2)

Permit Commission
Tests

9.2 Maintenance 9.11l.1.bMaintenance IOCFR72.236(g). 9.2
Program 9.11I. .c SSCs Tested and 1OCFR72.122(f) 9.2

Maintained to I 0CFR72.128(a)
Appropriate Quality (1)
Standards

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

NA 9.1Ii.2 Resolution of Issues IOCFR72.24(i) (3)

Concerning
Adequacy of
Reliability

9.l1l.l.d Submit Pre-Op Test IOCFR72.82(e) (4)
Results to NRC .. ..

9.111.l.i Casks. 1OCFR72.236(k) 9.1.7, 9.1.1.(12)
Conspicuously and

. Durably Marked
9.111.3 Cask Identification

10. Radiation Protection
10.1 Ensuring that 10.111.4 ALARA 1OCFR20.1101 . • 10.1

Occupational.. I OCFR72.24(e)
Exposures are as Low 10CFR72.104(b).'
as Reasonably I OCFR72.126(a)
Achievable
(ALARA)

10.2 Radiation Protection I0.V. 1.b Design Features IOCFR72.126(a)( 10.2
Design Features 6) 1
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

Applicable

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

Requirement
10.3 Estimated Onsite 10.I11.2 Occupational IOCFR20.1201 10.3

Collective Dose Exposures IOCFR20.1207
Assessment IOCFR20.1208

1OCFR20.1301

N/A 10.111.3 Public Exposure I OCFR72.104 10.4
I OCFR72.106

10.111.1 Effluents and Direct IOCFR72.104
Radiation

11. Accident Analyses
11.1 Off-Normal Operations 11.111.2 Meet Dose Limits IOCFR72.24(d) 11.1

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

11.III.4 Maintain IOCFR72.124(a) 11.1
Subcritical IOCFR72.236(c)
Condition

1 1.111.7 Instrumentation and I OCFR72.122(i) 11.1
Control for Off-

* Normal Condition
11.2 Accidents I 1.1II.1 SSCs Important to 10CFR72.24(d)(2) 11.2

Safety Designed for I 0CFR72.122b(2)
Accidents IOCFR72.122b(3)

S10CFR72.,122(d)
...._IOCFR72.122(g)

11.I11.5 Maintain IOCFR72.236(1) 11.2
Confinement for
Accident

11 .111.4 Maintain IOCFR72.124(a) 11.2,6.0
Subcritical 1OCFR72.236(c)
Condition

11.III.3 Meet Dose Limits IOCFR72.24(d)(2) 11.2, 5.1.2, 7.3
for Accidents I OCFR72.24(m)

I OCFR72.106(b)
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

Applicable
Regulatory Guide 3.61 Associated NUREG- 10CFR72 HI-STORM

Section and Content 1536 Review Criteria or 10CFR20 FSAR
Requirement

11.111.6 Retrieval IOCFR72.122(i) 8.3
11.111.7 Instrumentation and 1OCFR72.122(i) (5)

Control for Accident
Conditions

NA 1 l.I1l.8 Confinement IOCFR72.122h(4) 7.1.4
Monitoring

12. Operating Controls and Limits
12.1 Proposed Operating -- lOCFR72.44(c) 12.0

Controls and Limits 12.Il. l.e Administrative 1OCFR72.44(c)(5) 12.0
Controls

12.2 Development of 12.I11.1 General 1OCFR72.24(g) 12.0
Operating Controls Requirement for 1OCFR72.26
and Limits Technical 10CFR72.44(c)

Specifications IOCFR72 Subpart E
IOCFR72 Subpart F

12.2.1 Functional 12.11I.L.a Functional/ IOCFR72.44(c)(1) Appendix 12.A
and Operating Units,
Operating Monitoring
Limits, Instruments and
Monitoring Limiting Controls
Instruments,
and Limiting
Control
Settings

12.2.2 Limiting 12.III.1.b Limiting Controls: 1OCFR72.44(c)(2) Appendix 12.A
Conditions 12.I11.2.a Type of Spent Fuel IOCFR72.236(a) Appendix 12.A
for 12.111.2.b Enrichment
Operation 12.I1i.2.c Bumup

12.III.2.d Minimum
Acceptance
CoolingTime ....

.12.ilI.2.f Maximum Spent.
Fuel Loading Limit

12.I11.2g Weights and
Dimensions

12.111.2.h Condition of
Spent Fuel

12.1II.2e Maximum Heat IOCFR72.236(a) Appendix 12.A
Dissipation
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

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

Requirement
12.111.2.i Inerting IOCFR72.236(a) Appendix 1 2.A

Atmosphere
Requirements

12.2.3 Surveillance 12.111.1.c Surveillance IOCFR72.44(c)(3) Chapter. 12
Specifications Requirements

12.2.4 Design 12.111.1.d Design Features 10CFR72.44(c)(4) Chapter 12
Features

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

NA 12.I1I.2 SCC Design Bases 1OCFR72.236(b) 2.0
and Criteria

NA 12.111.2 Criticality Control IOCFR72.236(c) 2.3.4, 6.0
NA 12.1I1.2 Shielding and IOCFR20 2.3.5, 7.0, 5.0,

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

Removal
NA 12.111.2 20 Year Storage and IOCFR72.236(g) 1.2.1.5, 9.0,

Maintenance 3.4.10, 3.4.11
NA 12111.2 Decontamination 1OCFR72.236(i) 8.0, 10.1

NA 12.lll.2 Wet or Dry Loading IOCFR72.236(h) 8.0
NA 12.1II.2 Confinement IOCFR72.236(j) 9.0

Effectiveness
NA 12.111.2 Evaluation for I0CFR72.236(l) 7.1, 7.2, 9.0

Confinement
13. Quality Assurance

13.1 Quality Assurance 13.111 Regulatory IOCFR72.24(n) 13.0
Requirements 1OCFR72.140(d)

13.IV Acceptance Criteria IOCFR72, Subpart
G
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

Notes:

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

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

of the tests defined in Chapter 9.

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

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

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

... There is no corresponding NUREG-1536 criteria, no applicable 1OCFR72 or 1OCFR20 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, 1OCFR72, or
1 OCFR20 requirement being addressed.
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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_Requirement _NUREG-1536 Intent Justification

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

temperature to establish long-term fuel cladding
integrity, the annual average ambient temperature for
each ISFSI site should be below 80'F. The large
thermal inertia of the HI-STORM 100 System ensures
that the daily fluctuations in temperatures do not
affect the temperatures of the system. Additionally,
the 80'F ambient temperature is combined with
insolation in accordance with IOCFR71.71 averaged

__ _over 24 hours.

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

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

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

NUREG-1536 Requirement . Alternate Methodto Meet . Justification
•__ _._ _" NUREG-1536 Intent_

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

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

_deceleration limit of 4 5g's is not exceeded.
3.V.2.b.i.(1), Page 3-19, Para. 1, "All Exception: The HI-STORM Concrete is provided in the HI-STORM overpack
concrete used in storage cask system ISFSIs, overpack concrete is not reinforced, primarily for the purpose of radiation shielding during
and subject to NRC review, should be However, ACI 349 [1.0.4] is used as normal operations. During lifting and handling
reinforced..." guidance for the material selection operations and under certain accident conditions, the

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

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

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

Alternate. Method to MeetNUREG-1536 Requirement Nlre Ih tent Justification•" NUREG-1536 Intent

of AC1 359 should comply with the off-normal and accident conditions are per Paragraph
requirements of ACI 349". A.4.2 of Appendix A to ACI 349.

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

•__•_which is important to safety.

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

approved by the USNRC.

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

4.IV. 1, Page 4-3, Para. 1 "the staff should verify. temperature limit.
that cladding temperatures for each fueltype
proposed for storage will be below the expected
damage thresholds for normal conditions of
storage."

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

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

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

Alternate .Method, to. Meet .. utfctoNUREG-1536 Requirement Justification
.. .. ___ " • ".,NUREG-1536 Intent

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

4.V.4.a, Page 4-6, Para. 6 "the basket wall Clarification: As discussed in The finite-element based thermal conductivity is
temperature of the hottest assembly.can then Subsection 4.4.2, conservative greater than a Wooten-Epstein based value. This
be used to determine the peak rod maximum fuel temperatures are larger thermal conductivity minimizes the fuel-to-
temperature of the hottest assembly, using the obtained directly from the cask basket temperature difference. Since the basket
Wooten-Epstein correlation."1 thermal analysis. The peak fuel temperature is less than the fuel temperature,

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

4.V.4.b, Page 4-7, Para. 2 "high burnup Exception: All calculations of fuel Within Subsection 4.4.1.1.2, the calculated effective
effects should also be considered in assembly effective thermal . thermal conductivities based on nominal design fuel
determining the fuel region effective thermal conductivities, described in dimensions are compared with available literature
conductivity." •Subsection 4.4.lI'1.2, use nominal values and are demonstrated to be conservative by a

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

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

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

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

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 Exceptiont No input or output file A complete set of computer program input and output files
include input and output file listings for the listings are provided in Chapter 4. would be in excess of three hundred pages. All computer
thermal evaluations." files are considered proprietary because they provide

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

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

and the fuel when subjected to accident but the volume occupied by the fuel fuel and correspondingly underpredicts the remaining free

temperatures. assemblies is calculated using volume.
maximum weights and minimum
densities.
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Table .1.0.3 (continued)

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

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

7.V.4 "Confinement Analysis. Review the Exception: No confinement analysis is The MPC uses redundant closures to assure that there is no
applicant's confinement analysis and the performed and no effluent dose at the release of radioactive materials under all credible
resulting annual dose at the controlled area controlled area boundary is calculated. conditions. Analyses presented in Chapters 3 and 11

boundary." . demonstrate that the confinement boundary does not
degrade under all nonnal, off-normal, and accident
conditions. Multiple inspection methods are used to verify
the integrity, of the confinement boundary (e.g.,non-
destructive examinations and pressure testing).

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

•__ analysis is required.

9.V. L .a, Page 9-4, Para. 4 "Acceptance Clarification: Section 9.1.1.1 and the In accordance with the first line on page 9-4, the NRC
criteria should be defined in accordance with Design Drawings specify that the endorses the use of "...appropriate acceptance criteria
NB/NC-5330, "Ultrasonic Acceptance ASME Code, Section 111, Subsection as defined by either the ASME code, or an alternative
Standards"." NB, Article NB-5332 will be used approach..." The ASME Code, Section III, Subsection

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

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

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

9.V.1.d, Para. 1 "Tests of the effectiveness of Exception: Subsection 9.1.5 The dimensional compliance of all shielding cavities is
both the gamma and neutron shielding may describes the control of special verified by inspection to design drawing requirements prior
be required if, for example, the cask contains• processes, such as neutron shield to shield installation.

a poured lead shield or a special neutron *material installation, to be performed The Holtite-A shield material is installed in accordance
absorbing material." *in lieu of scanning or probing with with written, approved, and qualified special process

neutron sources. procedures.

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

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

_ _procedures, as specified in Section 9.1.

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

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

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

HI-STORM 100 (acronym for Holtec International Storage and Transfer Operation Reinforced
Module) is a spent nuclear fuel storage system designed to be in full compliance with the
requirements of 1 OCFR72. The annex "100" is a model number designation which denotes a system
weighing over 100 tons. The HI-STORM 100 System consists of a sealed metallic canister, herein
abbreviated as the "MPC", contained within an overpack. Its design features are intended to simplify
and reduce on-site SNF loading, handling, and monitoring operations, and to provide for radiological
protection and maintenance of structural and thermal safety margins.

The HI-STORM IOOS and HI-STORM IOOS Version B overpack designs are variants of the HI-
STORM 100 overpack design and have their own drawings in Section 1.5. The "S".suffix indicates
an enhanced overpack design, as described later in this section. "Version B" indicates an enhanced
HI-STORM IOOS overpack design. The HI-STORM IOOS and IOOS Version B accept the same
MPCs and fuel types as the HI-STORM 100 overpack and the basic structural, shielding, and
thermal-hydraulic characteristics remain unchanged. Hereafter in this FSAR reference to HI-
STORM 100 System or the HI-STORM overpack is construed to apply to the HI-STORM 100, the
HI-STORM IOOS, and the HI-STORM IOOS Version B. Where necessary, the text distinguishes
among the three overpack designs. See Figures 1.1.1A and 1.L13A for pictorial views of the HI-
STORM IOOS overpack design. See Figures 1.1.1 B and 1.1.3B for pictorial views of the HI-STORM
IOOS Version B design.

The HI-STORM I OOA overpack is a variant of two of the three HI-STORM 100 System overpack
designs and is specially outfitted with an extended baseplate and gussets to enable the overpack to be
anchored to the ISFSI pad in high seismic applications. In the following, the modified structure of
the HI-STORM I OOA, in each of four quadrants, is denoted as a "Sector lug." The HI-STORM 1 O0A
anchor design is applicable to the HI-STORM IOOS overpack design, in which case the assembly
would be named HI-STORM IOOSA. The HI-STORM IOOA anchor design is not applicable to the
HI-STORM IOOS Version B overpack design. Therefore, the HI-STORM 100S Version B overpack
cannot be deployed in the anchored configuration at this time. Hereafter in the text, discussion of HI-.
STORM 1 O0A applies to both the standard (HI-STORM I OOA) and HI-STORM I O0SA overpacks,
unless otherwise clarified.

The HI-STORM 100 System is designed to accommodate, a wide variety of spent nuclear fuel
assemblies in a single basic overpack design by utilizing different MPCs. The external diameters 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 i's identified by the
maximum quantity of fuel assemblies it is capable of receiving. The MPC-24, MPC-24E, and MPC-
24EF contain a maximum of 24 PWR fuel assemblies; the MPC-32 and MPC-32F contain a
maximum of 32 PWR fuel assemblies; and the MPC-68, MPC-68F, and MPC-68FF contain a
maximum of 68 BWR fuel assemblies.

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

Figures 1.1.1, I.I.IA, and 1.1.IB show the HI-STORM 100 System with two of. its major
constituents, the MPC and the storage overpack, in a cut-away view. The MPC, shown partially
withdrawn from the storage overpack, is an integrally welded pressure vessel designed to meet the
stress limits of the ASME Boiler and Pressure Vessel Code, Section III, Subsection NB [1.1.1]. The
MPC defines the confinement boundary for the stored spent nuclear fuel assemblies with respect to
I OCFR72 requirements and attendant review considerations. The HI-STORM storage overpack
provides mechanical protection, cooling, and radiological shielding for the contained MPC.

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

In contrast to the HI-STAR 100 overpack, which provides a containment boundary for the SNF.
during transport, the HI-STORM storage overpack does not constitute a containment or confinement
enclosure. The HI-STORM overpack is equipped with large penetrations near its lower and upper.
extremities to permit natural circulation of air to provide for the passive cooling of the MPC and the
contained radioactive material. The HI-STORM overpack is engineered to be an effective barrier
against the radiation emitted by the stored materials, and an efficiently configured metal/concrete
composite to attenuate the loads transmitted to the MPC during a natural phenomena or hypothetical
accident event. Other auxiliary functions of the HI-STORM 100 overpack include isolation of the.
SNF from abnormal environmental or man-made events, suchas impact of atornado borne missile.
As the subsequent chapters of this FSAR demonstrate, the HI-STORM overpack is engineered with
large margins ofsafetywith 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 1OCFR72.236.
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The modularity of the HI-STORM 100 System accrues several advantages. Different MPCs,
identical in external diameter, manufacturing requirements, and handling features, but different in
their SNF arrangement details, are designed to fit a common overpack design. 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
I OCFR Part 71 certification. HI-STORM 100, however, is designed to possess certain key elements
of flexibility.

For example:

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

The HI-STORM overpack can be loaded with~a loaded MPc using the HI-TRAC transfer
cask inside the IOCFR50 [1.1.4] facility, prepared for storage, transferred tothe ISFSI, and.
stored in a vertical configuration, or directly loaded using the HI-TRAC transfer cask at or
nearby the ISFSI storage pad.

The version of the HI-STORM overpack equipped with sector lugs to anchor it to the ISFSI pad is
labeled HI-STORM IOOA, shown in Figure i.1.4. Figure 1.1.5 shows the sector lugs and anchors
used to fasten the overpack to the pad in closer view. Details on HI-STORM 1 O0A are presented in
the drawing and BOM contained in Section 1.5. Users may employ a double nut arrangement as an
option. The HI-STORM 100A overpack will be deployed at those ISFSI sites where the postulated
seismic event (defined by the three orthogonal ZPAs) exceeds the maximum limit permitted for free-
standing installation. The design of the ISFSI pad and the embedment are necessarily site-specificý
and the responsibility of the ISFSI owner. These designs shall be in accordance with the
requirements specified. in Appendix 2.A. The jurisdictional boundary between the anchored cask
design and the embedment design is defined in Table 2.0.5. Additional description of the HI-
STORM 100A configuration is provided in Subsection 1.2.1.2.1. The anchored designis applicable
to the HI-STORM 100 and the HI-STORM IOOS overpack designs only.

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

The HI-STORM storage overpack is designed to provide the necessary neutron and gamma shielding
to comply with the provisions of I 0CFR72 for dry storage of SNF at. an ISFSI. Cross sectional
views of the HI-STORM storage overpacks are presented in Figures 1.1.3, 1.1.3A, and 1.1.3B. A HI-
TRAC transfer cask is required for loading of the MPC and movement of the loaded MPC from the
cask loading area of a nuclear plant spent fuel pool to the storage overpack. The HI-TRAC is
engineered to be emplaced with an empty MPC into the cask loading area of nuclear plant spent fuel.
pools for fuel loading (or unloading). The HI-TRAC/MPC assembly is 'designed .to preclude
intrusion of pool water into the narrow annular space between the HI-TRAC and the MPC while the
assembly is submerged in the pool water. The HI-TRAC transfer cask also allows dry loading (or
unloading) of SNF into the MPC.

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

minimize handling of the SNF;

provide shielding and physical protection for the MPC;

* permit rapid and unencumbered decommissioning of the ISFSI;

* require minimal ongoing surveillance and maintenance by plant staff,.

* minimize dose to operators during loading and handling;

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

1.2.1 System Characteristics

The basic HI-STORM 100 System consists of interchangeable MPCs providing a confinement
boundary for BWR or PWR spent nuclear fuel, a storage overpack providing a structural and
radiological boundary for long-term storage of the MPC placed inside it, and a transfer cask
providing a structural and radiological boundary for transfer of a loaded MPC from a nuclear plant
spent fuel storage pool to the storage overpack. Figures 1.2.1 and 1.2.IA provide example cross
sectional views of the HI-STORM 100 System with an MPC inserted into HI-STORM 100 and HI-
STORM 100S storage overpacks, respectively. Figure 1.1.1B provides similar information for the
HI-STORM 100 System using a HI-STORM IOOS Version B overpack. Each of these components is
described below, including information with respect to component fabrication techniques and
designed safety features. All structures, systems, and components of the HI-STORM 100 System,
which are identified as Important to Safety are specified in Table 2.2.6. This discussion is
supplemented with a full set of drawings in Section 1.5.

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

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

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

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

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

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

Dimensions discussed in this section are considered nominal values.
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A single, base HI-STORM overpack design is provided which is capable of storing each type of
MPC. The overpack inner cavity is sized to accommodate the MPCs. The inner diameter of the
overpack 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 of
the impact during a non-mechanistic tip-over, while still allowing the cooling air flow through the
ventilated overpack. The outer diameter of the overpack is 132-1/2 inches. The overall height of the
HI-STORM 100 overpack is 239-1/2 inches.

There are two variants of the HI-STORM I 00S overpack, differing from each other only in height
and weight. The HI-STORM IOOS(232) is 232 inches high, and the HI-STORM IOOS(243) is 243
inches high. The HI-STORM 100S(243) is approximately 10,100 lbs heavier assuming standard
density concrete. Hereafter in the text, these two versions of the HI-STORM IOOS overpack will
only be referred to as HI-STORM IOOS and will be discussed separately only if the design feature
being discussed is different between the two overpacks. See Section 1.5 for drawings.

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

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

Before proceeding to present detailed physical data on the HI-STORM 100 System, it is of
contextual importance to summarize the design attributes which enhance the performance and safety
of the system. Some of the principal features of the. HI-STORM 1.00 System which enhance its
effectiveness as an SNF storage device and a safe SNF confinement structure are:

* the honeycomb design of the MPC fuel basket;

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

* the high heat dissipation capability;

* engineered features to promote convective heat transfer;

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

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

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

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

1.2.1.1 Multi-Purpose Canisters

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

There are eight MPC models, distinguished by the type and number of fuel assemblies authorized for
loading. Section 1.2.3 and Table 1.2.1 summarize the allowable contents for each MPC model.
Section 2.1.9 provides the detailed. specifications for the contents authorized for storage in the HI-
STORM 100 System. Drawings for the MPCs are provided in Section 1•.5•

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

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

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

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

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

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

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

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

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

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

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

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

Type 316
Type 316LN

Type 304
Type 304LN

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

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

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

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

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

1.2.1.2 Overpacks

1.2.1.2.1 HI-STORM Overpack

The HI-STORM overpacks are rugged, heavy-walled cylindrical vessels. Figures 1.1.3B, 1.2.7,
1.2.8, and 1.2.8A provide cross sectional views of the HI-STORM 100 System, showing all of the.
overpack designs. The HI-STORM I OOA overpack design is an anchored variant of the HI-STORM
100 and I-OOS designs and hereinafter is identified by name only whenthe discussion specifically
applies to the anchored overpack.•The HI-STORM 100A differs only in the diameter of the overpack
baseplate and the presence of bolt holes and associated anchorage hardware (see Figures 1.1.4 and
1.1.5).The main structural function of the storage overpack is provided by carbon steel, and the main
shielding function is provided by plain concrete. The overpack plain concrete is enclosed by
cylindrical steel shells, a thick steel baseplate, and a top plate. The overpack lid has appropriate
concrete shielding to provideneutron and gamma attenuation in the vertical direction.

The storage overpack provides an internal cylindrical cavity of sufficient height and diameter for
housing an MPC. The inner shell of the overpack has channels attached to its inner diameter. The
channels provide guidance for MPC insertion and removal and a flexible medium to absorb impact
loads during the non-mechanistic tip-over, while still allowing the cooling air flow to circulate
through the overpack. Shims may be attached to channels to allow the proper inner diameter
dimension to be obtained.
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The storage system has air ducts to allow for passive natural convection cooling of the contained
MPC. A minimum of four air inlets and four air outlets are located at the lower and upper
extremities of the storage system, respectively. The location of the air outlets in the HI-STORM 100
and the HI-STORM IOOS (including Version B) design differ in that the outlet ducts for the HI-
STORM 100 overpack are located in the overpack body and are aligned vertically with the inlet
ducts at the bottom of the overpack body. The air outlet ducts in the HI-STORM IOOS and -1OOS
Version B are integral to the lid assembly and are not in vertical alignment with the inlet ducts. 'See
the drawings in Section 1.5 for details of the overpack air inlet and outlet duct designs. The air inlets
and outlets are covered by a screen to reduce the potential for blockage. Routine inspection of the
screens (or, alternatively, temperature monitoring) ensures that blockage of the screens themselves
will be detected and removed in a timely manner. Analysis, described in Chapter 11 of this FSAR,
evaluates the effects of partial and complete blockage of the air ducts.

The air inlets and air outlets are penetrations through the thick concrete shielding provided by the
HI-STORM 100 overpack. The outlet air ducts for the HI-STORM IOOS and -1OOS Version B
overpack designs, integral to the lid, present a similar break in radial shielding. Within the air inlets
and outlets, an array of gamma shield cross plates are installed (see Figure 5.3.19 for a pictorial
representation of the gamma shield cross plate designs). These gamma shield cross plates are
designed to scatter any radiation traveling through the ducts. The result of scattering the radiation in
the ducts is a significant decrease in the local dose rates around the air inlets and air outlets. The
configuration of the gamma shield cross plates is such that the increase in the resistance to flow in
the air inlets and outlets is minimized. For the HI-STORM 100 and -1OOS overpack designs, the
shielding analysis conservatively credits only the mandatory version of the gamma shield cross plate
design because they provide less shielding than the optional design. Conversely, the thermal
analysis. conservatively evaluates the optional gamma shield cross plate design because it
conservatively provides greater resistance to flow than the mandatory design.. There is only one
gamma shield cross plate design employed with the HI-STORM IOOS Version B overpack design,
which has been appropriately considered in the shieldingand thermal analyses.

Four threaded anchor blocks at the top of the overpack are provided for lifting. The anchor blocks
are integrally welded to the radial plates, which inturn are full-length welded to the overpack inner
shell, outer shell, and baseplate (HI-STORM 100) or the inlet air duct horizontal plates (HI-STORM
IOOS) (see Figure 1.2.7). The HI-STORM IN0S Version B overpack design incorporates partial-,
length radial plates at the top of the overpack to secure the anchor blocks and uses both gussets and
partial-length radial plates at the bottom of the overpack for structural stability. Details of this.
arrangement are shown in the drawings in Section 1.5.

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

The principal function of the concrete is to provide shielding against gamma and neutron radiation.
However, in an implicit manner it helps enhance the performance of the HI-STORM overpack in
other respects as well. For example, the massive bulk of concrete imparts a large thermal inertia to
the HI-STORM overpack, allowing it to moderate the rise in temperature of the system under
hypothetical conditions when all ventilation passages are assumed to be blocked. The case of a
postulated fire accident at the ISFSI is another example where the high thermal inertia characteristics.
of the HI-STORM concrete control the temperature of the MPC. Although the annular concrete mass

* in the overpack shell is not a structural member, it does act as an elastic/plastic filler of the inter-
shell space, such that, while its cracking and crushing under a tip-over accident is not of significant
consequence, its deformation characteristics are germane to the analysis of the structural members.

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

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

There are three base HI-STORM overpack designs - HI-STORM 100, HI-STORM IOOS, and HI-
STORM I00S Version B. The significant differences among the three are overpack height, MPC
pedestal height, location of the air outlet ducts, and the vertical alignment of the inlet and outlet air
ducts. The HI-STORM 100 overpack is approximately 240.inches high from the bottom of the
baseplate to .the toP of the :lid bolts and 227 inches high without the lid installed. .There are two
variants of the HI-STORM 4 OOS overpack design, differing only in height and weight. The HI-
STORM 100S(232) is approximately 232 inches high from the bottom of the baseplate to the top of
the lid in its final storage configuration and approximately 211 inches high without the lid installed.
The HI-STORM 100S(243) is approximately 243 inches high from the bottom of the baseplate to the
top of the lid in its final storage configuration and approximately 222 inches high without the lid
installed. There are also variants of the HI-STORM 100S Version B overpack design, differing only I
in height and weight. The HI-STORM 100S-218 is approximately 218 inches high from the bottom
of the baseplate to the top of the lid in its final storage configuration and approximately 199 inches
high without the lid installed. The HI-STORM IOOS-229 is approximately 229 inches high from the
bottom of the baseplate to the top, of the lid in its final storage configuration and 210 inches high
without the lid installed.

The HI-STORM IOOS Version B overpack design does not include a concrete-filled pedestal to
support the MPC. Instead, the MPC rests upon a steel plate that maintains the MPC sufficiently
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above the inlet air ducts to prevent direct radiation shine through the ducts. To facilitate this change,
the inlet air ducts for the HI-STORM I 00S Version B are shorter in height but larger in width. See
the drawings in Section 1.5 for details.

The anchored embodiment of the HI-STORM overpack is referred to as HI-STORM 1O0A or HI-
STORM 1 OOSA. The HI-STORM IOOS version B overpack design may not be deployed in the
anchored configuration at this time. As explained in the foregoing, the HI-STORM overpack is a
steel weldment, which makes it a relatively simple matter to extend the overpack baseplate, form
lugs, and then anchor the cask to the reinforced concrete structure of the ISFSI. In HI-STORM
terminology, these lugs are referred to as "sector lugs." The sector lugs, as shown in Figure 1.1.5 and
the drawing in Section 1.5, are formed by extending the HI-STORM overpack baseplate, welding
vertical gussets to the baseplate extension and to the overpack outer shell and, finally, welding a
horizontal lug support ring in the form of an annular sector to the vertical gussets and to the outer
shell. The baseplate is equipped with regularly spaced clearance holes (round or slotted) through
which the anchor studs can pass. The sector lugs are bolted to the ISFSI pad using anchor studs that
are made of a creep-resistant, high-ductility, environmentally compatible material. The bolts are pre-
loaded to a precise axial stress using a "stud tensioner" rather than a torque wrench. Pre-tensioning
the anchors using a stud tensionereliminates any shear stress in the bolt, which is unavoidable if a
torquing device is employed (Chapter 3 of the text "Mechanical Design of Heat Exchangers and
Pressure Vessel, Components", by Arcturus Publishers, 1984, K.P. Singh and A.I. Soler, provides
additional information on stud tensioners). The axial stress in the anchors induced by pre-tensioning
is kept below 75% of the material yield stress, such that during the seismic event the maximum bolt

* axial stress remains below the limit prescribed for bolts in the ASME Code, Section III, Subsection
NF (for Level D conditions). Figures 1.1.4 and 1. 1.5 provide visual depictions of the anchored HI-
STORM IOOA configuration. This configuration also applies to the HI-STORM IOOSA.

The anchor studs pass through liberal clearance holes (circular or slotted) in the sector lugs (0.75"
minimum clearance) such that the fastening of the studs to the ISFSI pad can be carried out without
mechanical interference from the body of the sector lug. The two clearance hole configurations give
the ISFSI pad designer flexibility in the design ofthe anchor embedment in the ISFSI concrete. The

* axial, force in the anchors produces a compressive load at the overpack/pad interface. This
compressive force, F, imputes a lateral load bearing capacity to the cask/pad interface that is equal to
.tF (pt < 0.53 per Table 2.2.8). As is shown in Chapter 3 of this FSAR, the lateral load-bearing
capacity of the HI-STORM/pad interface (jtF) is many times greater than the horizontal (sliding)
force exerted on the cask under the postulated: DBE seismic event. Thus, the potential for lateral
sliding of the HI-STORM I OOA System during a seismic event is precluded, as is the potential for
any bending action on the anchor studs.

The seismic loads, however, will produce an overturning moment on the overpack that would cause
a redistribution of the compressive contact pressure between the pad and the overpack. To determine
the pulsation in the tensile load in the anchor studs and in the interface contact pressure, bounding
static analysis of the preloaded configuration has been performed. The results of the static analysis
demonstrate that the initial preloading minimizes pulsations in the stud load. A confirmatory non-
linear dynamic analysis has also been performed using the time-history methodology described in
Chapter 3, wherein the principal nonlinearities in the cask system are incorporated and addressed.
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The calculated results from the dynamic analysis confirm the static analysis results and that the
presence of pre-stress helps minimize the pulsation in the anchor stud stress levels during the
seismic event, thus eliminating any concern with regard to fatigue failure under extended and
repetitive seismic excitations.

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

As shown in the drawing, the anchor studs are spaced sufficiently far apart such that a practical
reinforced concrete pad with embedded receptacles can be designed to carry the axial pull from the
anchor studs without overstressing the enveloping concrete monolith. The design specification and
supporting analyses in this FSAR are focused on qualifying the overpack structures, including the
sector lugs and the anchor studs. The design of the ISFSI pad, and its anchor receptacle will vary
from site to site, depending on the geology and seismological characteristics of the sub-terrain
underlying the ISFSI pad region. The data provided in this FSAR, however, provide the complete set

• of factored loads to which the ISFSI pad, its sub-grade, and the anchor receptacles must be designed
within the purview of ACI-349-97 [1.0.4]. Detailed requirements on the ISFSI pads for anchored

• casks are provided in Section 2.0.4.

1.2.1.2.2 HI-TRAC (Transfer Cask) - Standard Design

Like the storage overpack, the HI-TRAC transfer cask is a rugged, heavy-walled cylindrical vessel.
The main structural function of the transfer cask is provided by carbon steel, and the main neutron
and gamma shielding functions are provided by water and lead, respectively. The transfer cask is a
steel, leadsteel layered cylinder with a waterjacket attached to the exterior. Figure 1.2.9 provides a
typical cross section of the standard design HI-TRAC-125 with the pool lid installed. See Section
1.2.1.2.3 for discussion of the optional HI-TRAC IN0D and 125D designs.

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

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

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

1.2.1.2.3 HI-TRAC 100D and 125D Transfer Casks

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

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

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

1.2.1.3 Shielding Materials

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

In the HI-STORM storage overpack, the primary shielding in the radial direction is provided by
concrete and steel. In addition, the storage overpack has a thick circular concrete slab attached to the
lid, and the HI-STORM 100 and -1OOS have a thick circular concrete pedestal upon which the MPC
rests. This concrete pedestal is not necessary in the HI-STORM I 00S Version B overpack design.
These, slabs provide gamma and neutron attenuation in the axial direction. The thick overpack lid
and concrete shielding integral to the lid provide additional gamma attenuation in the upward
direction, reducing both direct radiation and skyshine. Several steel plate and shell elements provide
additional gamma shielding as needed in specific areas, as well as incremental improvements in the
overall shielding effectiveness. Gamma shield cross plates, as depicted in Figure 5.3,19, provide
attenuation of scattered gamma radiation as it exits the inlet and outlet aircducts.

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

1.2.1.3.1.1 BoralTM

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

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

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

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

:Corporation [1.2.5].

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

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

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

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

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

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

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

Holtec International's QA Program ensures that Boral is manufactured .under the control and
surveillance of a Quality Assurance/Quality Control Program that conforms to the requirements of
1OCFR72, Subpart G. Holtec International has procured over 200,000 panels of Boral from AAR
Advanced Structures in over 30 •projects.• Boral has always been purchased with a minimum 1°1
loading requirement. Coupons extracted from production runs were tested using the wet chemistry
procedure. The actual 10B loading, out of thousands of coupons tested, has never been found to fall
below the design specification. The size of this coupon database is sufficient to provide reasonable
assurance that all future Boral procurements will continue to yield Boral with full compliance with
the stipulated minimum loading. Furthermore, the surveillance, coupon testing, and material tracking
processes which have so effectively controlled the quality of Boral are expected to continue to yield
Boral of similar quality in the future. Nevertheless, to add another layer of insurance, only 75% 10l3
credit of the fixed neutron absorber is assumed in the criticality analysis consistent with Chapter 6.0,
IV, 4.c ofNUREG-1536, Standard Review Plan for Dry Cask Storage Systems.

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

1.2.1.3.1.2 METAMIC®

METAMIC® is a neutron absorber material developed by the Reynolds Aluminum Company in the
mid-1990s for spent fuel reactivity control in dry and wet storage applications. Metallurgically,
METAMIC® is a metal matrix composite (MMC) consisting of a matrix of 6061 aluminum alloy
reinforced with Type 1 ASTM C-750 boron carbide. METAMIC® is characterized by extremely fine
aluminum (325 mesh or better) and boron carbide powder. Typically, the average B4C particle size is
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between 10 and 15 microns. As described in the U.S. patents held by METAMIC, Inc.", the high
performance and reliability of METAMIC® derives from the particle size distribution of its
constituents, rendered into a metal matrix composite by the powder metallurgy process. This yields
excellent and uniform homogeneity.

The powders are carefully blended without binders or other additives that could potentially
adversely influence performance. The maximum percentage of B4C that can be dispersed in the
aluminum alloy 6061 matrix is approximately 40 wt.%, although extensive manufacturing and
testing experience is limited to approximately 31 wt.%. The blend of powders is isostatically
compacted into a green billet under high pressure and vacuum sintered to near theoretical density.

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

METAMIC® has been subjected to an extensive array of tests sponsored by the Electric Power
Research Institute (EPRI) that evaluated the functional performance of the material at elevated
temperatures (up to 900'F) and radiation levels (IE+1 1 rads gamma). The results of the tests
documented in an EPRI report (Ref. [1.2.11 ]) indicate that METAMIC® maintains its physical and
neutron absorption properties with little variation in its properties from the unirradiated state. The
main conclusions provided in the above-referenced EPRI report are summarized below:

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

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

' No detectable change in the neutron attenuation characteristics under accelerated corrosion
testUconditions has been observed.

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

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

* U.S. Patent No. 5,965,829, "Radiation Absorbing Refractory Composition".
t U.S. Patent No. 6,042,779, "Extrusion Fabrication Process for Discontinuous Carbide Particulate Metal

Matrix Composites and Super, Hypereutectic Al/Si."
t Medium measured neighbor-to-neighbor distance is 10.08 microns according to the article,

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

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

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

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

NUREG/CR-5661 (Ref. [1.2.14]) recommends limiting poison material credit. to 75% of the
minimum 1°B loading because of concerns for potential "streaming" of neutrons, and allows for
greater percentage credit in criticality analysis "if comprehensive acceptance tests, capable of
verifying the presence and uniformity of the neutron absorber, are implemented". The value of 75%
is characterized in NUREG/CR-5661 as a very conservative value, based on experiments with.
neutron poison containing relatively large B4C particles, such as. BORAL With an average particle.
size in excess of]100 microns. METAMICO, however, has a much smaller particle size of typically
between 10and 15 microns on average. Any streaming concerns would therefore be drastically
reduced.

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

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

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

Mechanical Properties of31wt.% B 4C METAMIC

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

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

The required flexural strain of the neutron absorber to ensure. that it will not fracture when the
supporting basket wall flexes due to. the worst case lateral loading is 0 2%, which is the flexural
strain of the Alloy X basket panel material. The 1% minimum elongation of 31wt.% B4C

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

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

1.2.1.3.1.3 Locational Fixity of Neutron Absorbers

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

1.2.1.3.2 Neutron Shielding

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

" Attenuation of neutron radiation to appropriate levels;

* Durability of theshielding 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 thematerial properties with respect to the main criteria, along with the design
of the shield system, to achievethe desired shielding results.

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

The HI-TRAC transfer cask, is equipped with a water jacket providing radial neutron shielding.
Demineralized water will be utilized in the water jacket. To ensure operability for low temperature
conditions, ethylene glycol (25% in solution) will be added to reduce the freezing point for low
temperature operations (e.g., below 32T1) [1.2.7].

Neutron shielding in the HI-TRAC 125 and 125D transfer casks in the axial direction is provided by
Holtite-A within the top lid. HI-TRAC 125 also contains Holtite-A in the transfer lid. Holtite-A is a
poured-in-place solid borated synthetic neutron-absorbing polymer. Holtite-A is specified with a
nominal B 4C loading of I weight percent for the HI-STORM 100 System. Appendix 1..B provides
the Holtite-A material properties germane to its function as a neutron shield. Holtec has performed
confirmatory qualification tests on Holtite-A under the company's QA program.
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In the following, a brief summary of the performance characteristics and properties of Holtite-A is
provided.

Density

The specific gravity of Holtite-A is 1.68 g/cm3 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/cm3. The density used for the shielding analysis is
conservatively assumed to be 1.61 g/cm 3 to underestimate the shielding capabilities of the neutron
shield.

Hydrogen

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

Boron Carbide

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

Design Temperature

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

Thermal Conductivity

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

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

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

1.2.1.4 Lifting Devices

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

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

A bottom lift of the HI-STORM 100 storage overpack is effected by the insertion of four hydraulic
jacks underneath theinlet 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 o verpack to provide clearance for inserting or removing a device for
transportation.

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

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

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

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

1.2.1.5 Design Life

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

HI-STORM Overpack and.HI-TRAC Transfer Cask

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

MPC

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

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

•1.2.2 Operational Characteristics

1.2.2.1 Design Features

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

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

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

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

1.2.2.2 Sequence of Operations

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

Loading Operations

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 outersurfaces of the MPC. The MPC is then filled with
water (borated if necessary). Based on the MPC model and fuel enrichment, this may be borated
water or plant demineralized water (see Section 2.1). HI-TRAC and the MPC are lowered into the
spent fuel pool for fuel loading using the lift yoke. Pre-selected assemblies are loaded into the MPC
and a visual verification of the assembly identification is performed.

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

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

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

Following moisture removal, the MPC is backfilled with a predetermined amount of helium gas. The
helium backfill ensures adequate heat transfer during storage and provides an inert atmosphere for

* long-term fuel integrity. Cover plates are installed and seal-welded over the MPC vent and drain
ports with liquid penetrant examinations performed on the root and final passes. The cover plates
are helium leakage tested to confirm that they meet the established leakage rate criteria.

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

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

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

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

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

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

The HI-TRAC 100D and 125D do not include pocket trunnions in their designs. Therefore, the user
must downend the transfer cask onto the transport frame using appropriately designed rigging in
accordance with the site's heavy load control program.

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

For. MPCs containing any HBF, the Supplemental Cooling System (SCS) is required to be
operational during the time the loaded and backfilled MPC is in HI-TRAC to ensure fuel cladding
temperatures remain within limits. The SCS is discussed in detail in Section 4.5 and the design
criteria for the system are provided in Appendix 2.C. The SCS is not required when the MPC is
inside the overpack, regardless of decay heat load.

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

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

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

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

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

Unloading Operations

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

The MPC is recovered from HI-STORM either at the cask transfer facility or the fuel building using
any of the methodologies described in Section 8.1. The HI-STORM lid is removed, the alignment
device positioned, and, for the HI-STORM 100, the vent duct shield inserts are installed, and the
MPC lift cleats are attached to the MPC. For HI-TRAC IOOD and 125D, the mating device is
installed. Rigging is attached to the MPC lift cleats. Forthe HI-STORM 1OOS and HI-STORM IN0S
Version B withthe standard HI-TRAC design, the transfer, doors may need to be opened to avoid
interfering with the MPC lift cleats. For the HI-TRAC iO0D and 125D, the mating device (possibly
containing.the pool lid) is secured to the top, of the overpack. HI-TRAC is raised and positioned on
top of HI-STORM or bolted (if necessary) to-the mating device, as applicable. For the HI-TRAC
100D and 125D, the pool lid is ensured to be out of the transfer path for the MPC. The MPC is
raisedinto HI-TRAC. Once the MPC is raised into HI-TRAC, the standard design HI-TRAC transfer
lid doors are closed and the lockingpins are installed. For the HI-TRAC IOOD and 125D, the pool
lid is installed and the transfer cask is unsecured fromthe mating device. HI-TRAC is removed from
on top of HI-STORM. As required based on the presence of high burnup fuel, the Supplemental
Cooling System is installed and placed into operation.

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

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

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

1.2.2.3 Identification of 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-
24/24E/24EF (all with lower enriched fuel) and the MPC-68/68F/68FF do not rely on soluble boron
credit during loading or the assurance that water cannot enter the MPC during storage to meet the
stipulated criticality limits.

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

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

1.2.2.3.2 Chemical Safety

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

The 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.

1.2.2.3.4 Instrumentation

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

1.2.2.3.5 Maintenance 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, I.2.l and 1.2.2 provide key
system data and parameters for the MPCs. A description of acceptable fuel assemblies for storage in.
the MPCs is provided in Section 2.1. This includes fuel assemblies classified as damaged fuel
assemblies and fuel debris in accordance with the definitions .of these terms in Table 1.0.1. A
summary of the types of fuel authorized for storage in each MPC model is provided below. All fuel
assemblies, non-fuel hardware, and neutron sources must meet the fuel specifications provided in
Section 2.1. All fuel assemblies classified as damaged fuel or fuel debris must be stored in damaged
fuel containers.

MPC-24

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

MPC-24E

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

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

MPC-32

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

MPC-32F

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

MPC-68

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

MPC-68F

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

MPC-68FF

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

KEY SYSTEM DATA FOR HI-STORM 100 SYSTEM

ITEM QUANTITY NOTES

Types of MPCs included in this 8 5 for PWR

revision of the submittal 1 for PWR
MPC-24

MPC storage capacityt:
MPC-24E

MPC-24EF

MPC-32

MPC-32F
(See Note I on next page)

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

OR

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

MPC-68 Any combination of Dresden.
.Unit 1 or . Humboldt . Bay
damaged fuel assemblies in
damaged fuel containers and
intact fuel assemblies, up to a
total of 68.. For damaged fuel
other than Dresden Unit I and
.Humboldt Bay, the number of
fuel assemblies is limited to 16,
with the balance being intact fuel
assemblies.

OR

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

ITEM QUANTITY NOTES
MPC storage capacity: MPC-68F Up to 4 damaged fuel containers

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

OR

MPC-68FF Up. to 68 Dresden Unit I or
Humboldt Bay intact fuel or
damaged fuel and up to 8
damaged . fuel containers
containing D- 1 or HB fuel debris.
For other BWR plants, up to 16
damaged fuel containers.
containing BWR damaged fuel.
and/or fuel debris with the
complement . intact fuel
assemblies, up to a total of68.
The number of damaged fuel
containers containing BWR fuel
debris is limited to eight (8) for
all BWR plants.

Notes:
1. The stated information does not apply to the Indian Point Unit 1 MPC-32s. Supplement

1.11 provides the storage capacity for the IPI MPC-32s.
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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. (OF) 725°t/-40°tt 725°t/-40."
Design internal pressure (psig)

Normal conditions 100 100
Off-normal conditions 110 110
Accident Conditions 200 200

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

Long Term Normal (°F) 752 752
Short Term Operations (OF) 752 or 10 58.t. 752 or 1058't'
Off-normal and Accident (OF) 1058 1058

Maximum normal condition design temperatures for the MPC fuel basket. A complete.
listing of design temperatures for all components is provided in Table 2.2.3.

tt Temperature based on off-normal minimum environmental temperatures specified in
Section 2.2.2.2 and no fuel decay heat load.

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

MPC drying.
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Table 1.2.2 (cont'd)

KEY PARAMETERS FOR HI-STORM 100 MULTI-PURPOSE CANISTERS

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

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

0.1212 +/-10% g-moles/liter

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

0.1212 +/-10% g-moles/liter

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

0.121 8-+/-10% g-moles/liter

MPC-32/32F > 29.3 psig and<S 33.3 psig
(heat load < 28.74 kW) OR
(See Note 2) 0.1212 +/-10% g-moles/liter

Maximum permissible
multiplication factor (kff) <0.95
including all uncertainties and <
biases

0.0267/0.0223 (MPC-24) 0.0372/0.0310Fixed Neutron Absorber '13B
(MPC-68 & MPC-68FF)

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

MPC-24EF MPC-32 & 0.01/NA (MPC-68F) (See Note
Boral/MetamicM~~~MPC-32F) ... i

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

..... _ standard grapples grapples
Heat dissipation Passive Passive

NOTES:

1. All MPC-68F canisters are equipped with Boral neutron absorber.
2. The stated requirements do not apply to the Indian Point Unit 1 MPC-32s. Supplement 1.11 provides

Helium fill requirements for Indian Point Unit 1 MPC-32s.
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Table 1.2.3

INTENTIONALLY DELETED

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR
REPORT HI-2002444 1.2-35

Rev. 6

HI-STORM 100 FSAR Revision 6; February 7, 2008



Table 1.2.4

INTENTIONALLY DELETED
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Table 1.2.5

INTENTIONALLY DELETED
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Table 1.2.6

HI-STORM 100 OPERATIONS SEQUENCE

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

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

2 Fuel assemblies transferred into the MPC fuel basket

3 MPC lid lowered onto the MPC

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

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

6 HI-TRAC annulus drained and external surfaces decontaminated

7 MPC lifting cleats installed and MPC weight supported by rigging

8 HI-TRAC pool lid removed and transfer lid attached (not applicable to HI-TRAC
100D or 125D)

9 MPC lowered and seated on HI-TRAC transfer lid (not applicable to HI-TRAC 100D
or 125D)

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

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

1i1 MPC weight supported by rigging and transfer lid doors opened (standard design HI-
TRAC) or pool lid removed (HI-TRAC 100)D and 125D)

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

12a HI-STORM mating device removed (HI-TRAC 100D and 125D only)

13 HI-STORM overpack lid installed and bolted in place

14 HI-STORM overpack placed in storageat the ISFSI pad

15 For HI-STORM 100A (or 100SA) users, the overpack is anchored to the ISFSI pad by
installation of nuts onto studs and torquing to the minimum required torque.
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Table 1.2.7

REPRESENTATIVE ASME BOLTING AND THREADED ROD MATERIALS
ACCEPTABLE

FOR THE HI-STORM 100A ANCHORAGE SYSTEM

ASME MATERIALS FOR BOLTING.

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

(ksi) Size
Ranget

C SA-354 BC
K010125 109 t•!ý2.5"K04 100

%/4Cr SA-574 51B37M 170 135 t 5/8"
1 Cr- 1/5 Mo SA-574 4142 170 135 t5/8"

.1 Cr-1/2 Mo-V SA-540 B21
(K 14073) ..165 150

5 Cr-½ 2 Mo SA-193 B7 125 105 t_ 2.5"
2Ni-%¾ Cr-. /4¼Mo SA-540 B23 B5 120

(H-43400)
2N - 3/4 Cr - 1/3 Mo SA-540 B-24

(K-24064)
.17Cr-4Ni-4Cu SA-564 630 (H-I 100) 140 115
17Cr-4Ni-4Cu SA-564 630 (H-1075) 145 125
25Ni-l5Cr-2Ti SA-638 660 .130 85 .... ..
22CR-13Ni-5Mn SA-479 XM-19

_(S20910)

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

t Nominal diameter of the bolt (or rod) as listed in the Code tables. Two-inch diameter studs/rods are specified for
the HI-STORM 100A.
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Table 1.2.8

METAMIC® DATA FOR HOLTEC MPCs

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

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

(inch)
(see note)

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

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

Note: The drawings in Section 1.5 show slightly larger thickness to ensure that the minimum B-10 areal density. is
conservative under all conditions.

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR
REPORT HI-2002444 1.2-40

Rev. 6

HI-STORM 100 FSAR Revision 6; February 7, 2008



LID STUD
& NUT LID TOP

7 : : ':K PLATE~f77:
4==E

RADIAL
SHIELD

INNER-
SHELL

• ..•. -. .•....I .... VENT.. . .....

..: .• .2 . ..°

.~, .° .•°.. ..

.• ° .. ° . . . • o. ..

IN E VE"•NT•••

7 ° °•

SHIELDSHELL
(DELETED
JUNE,2001

OUTER
SHELL

BASEPLATE

FIGURE 1.2.1; CROSS SECTION VIEW OF THE HI-STORM 100 SYSTEM

REPORT HI-2002444 I REVISION 1
G:\SARDOEUMENTS\HI-STORM FSAR\FIGURES\UFSAR\EHAPTER-1\1,2,

HI-STORM 100 FSAR Revision 6; February 7, 2008



SHIELD
BLOCK

A SLID STUD
GAMMA SHIELD & NUT LID TOPC R O S S P L A T E S 4 . --'P.. : ."".---".LATE

11 1

RADIAL
SHIELD\

INNER-.-
SHELL

i-------- --

...... .. ..

........ ..

....... .....

TO

I IT

I I r I I

.. . . . . .. ý ,-6 . . . I . . . . .

F F F F F F F ID BOTTOM
LATEP PL

TOP
PLATE

OUTER
SHELL

INLET VENT
HORIZONTAL
PLATE

---- X
\ •\\\\\\\\\\\\

,1•HJlJllfJJJfJJJi

GAMMA SHIELD
CROSS PLATES

----------

o-m-ram - " • . . . .

i q q NNNNNNNNN 
-

" \ \ S

BASEPLATE
FIGURE 1.2.1A; CROSS SECTION VIEW OF THE HI-STORM 100S SYSTEM

.REPORT HI-2002444.1 IREVISION 2
D\SARDOCUMENTSVI-STORM FSARVIGURESUVING FSARVAPTER-1\1,21A

HI-STORM 100 FSAR Revision 6; February 7,2008



90O
BASKET

BASKET
SUPPORT

2

.18

3 4 15 T6 7 8[

9 1 .1 3 3 141 5 16 . FE

- F17W171 2 21 22 23 2
of25 26 27 281 29 30 I 311 321 331 34

351 36 37 38 1 39 40o1 41 42 43 44 _

451461471148 49.1 50j5~1 52
1111 1111 " " DRAIN

531541551 56 57 58 59 60 . LOCATIF

B61.I62 I631 64~I 5 66B (4) LIFT

CELL

PIPE

ON

ING LUGS
i.i_ 'y

/1:

270'

SHELL
OPTIONAL HEAT CONDUCTION ELEMENTS
PLACED AROUND BASKET PERIPHERY

NEUTRON ABSORBER AND SHEATHING

FIGURE 1,22; MPC-68/GBF/68FF CROSS SECTION VIEW

REPORT HI-2002444 I I REVISION 4
G:\SAR DOCUMENTS\HI-STORM FSAR\REVISION 4\CHAPTER O1\DRAWING FILES\1.2.2

HI-STORM 100 FSAR Revision 6; February 7, 2008



-I

FIGURE 1.2.3; MPC-32/32P CROSS SECTION

UPR1 HE-2M24 I4 I FIVISON I

GA:AR I00CA"•QI-SfTd FSAM YISIGl 301 OkPIER I\P[DF FORJIES

-I
HI-STORM 100 FSAR Revision 6; February 7, 2008



90

(4) LITING LUGS

I]PTIONAL HEAT CMDUCT]ID
ELEiJTS PLACED ARON
BASKET PRIPHERY

FIGURE 1,2,4; MPC-24/24E/24[F CROSS SECTIIN VIEW

REPUIRT Ff-LO024444 FRIVISION 4
&MSMR N•IJfSMU-SIM FSMMVMS 4MDiAPlR M\MIRAVMI FMlS\F'IG 12.4

HI-STORM 100 FSAR Revision 6; February 7, 2008



MP[ [LOSURE RING DRAIN PORT
VENT PORT

LIFT LUG,

FUEL BASKET

LEWER FUEL SPAEER BASEPLATE

FIGURE 1.2.5; CROSS SECTION ELEVATION VIEW OF MPC

REPORT HI-2002444I IREVISIUN 0

\PROJECTS\5014\HI2002444\[H_1\1.2_5

HI-STORM 100 FSAR Revision 6; February 7, 2008



VENT PORT

[CNFINEMENT
VOLUME

FIGURE 1.2.6; MPC CONFINEMENT BOUNDARY

REPORT HI-2002444 [REVISION 0

\PROJECTS\5014\HI2002444\[HI\1_2_5

HI-STORM 100 FSAR Revision 6; February 7, 2008



OVERPA[K
CHANNELS

SHIELD SHELL
(DELETED FROM HI-STORM 100
OVERPACK IN JUNE,2001. NOT
INLUDOEO IN HI-STORM 100S
OVERPACK DESIGN)

OK (TYP

OVERPACK
OUTER SHELL

RADIAL
PLATE

OVERPACK
INNER SHELL

FIGURE 1.2.7; CROSS SECTION OF HI-STORM OVERPACK

REPORT HI-2002444 REVISION 1

0:\SARDO[UMENTS\HI-STROM\FSAR\FIGURES\UFSAR\EHAPTER-1\1.2.7

L HI-STORM 100 FSAR Revision 6; February 7, 2008



GAMMA SHIELD
[ROSS PLATES

LID TOP
PLATEri j

SHIELDBLOCK

LID STUD
& NUT

EXIT VENT
HORIZONTAL
PLATE

RADIAL
SHIELD

INLET VENT
HORIZONTAL
PLATE

GAMMA SHIELD
EROSS PLATES>

............

:.•:.::: :..•.!]BOTTOM "" '. ,"."
PLATE . . ' '

...... . ...
.CHANNEL

.IN .ER,

, °• • •;•' ° •° , °.•H

X- TOP
PLATE

-- SHIELD
SHELL
(DELETED
JUNE,2001)

OUTER
SHELL

PEDESTAL
SHELL

PEDESTAL -
SHIELD BASEPLATE

FIGURE 1.2.8; HI-STORM 100 OVERPACK CROSS SECTIONAL ELEVATION VIEW

REPORT HI-20024441 PREVISION I
F

E:\SAPODEUMENTS\HI-STORM FSAR\FIGURES\UFSAR\EHAPTER-K\1,2.8

L _J
HI-STORM 100 FSAR Revision 6; February 7, 2008



GAMMA SHIELD
[WOSS PLATES

LID TOIP
PLATE /f .... . . -..

-- SH IELD

BLOCK

/LID STUD
SNUT

LID
- _ DfonTTn&A-r.. .. I -

RADIAL
SHIELD

.INLET VENT
HORIZONTAL
PLATE

GAMMA SHIELD
[ROSS PLATES

. . . . . . . . . . .

]I .

EHANJEL

INNER
SHELL

IL ;l -

PLATE

-TOP
PLATE

OUTER
SHELL

. . . . . . . . .. • I . . . . -- .
N IINNNNNNNNN

PEDESTAL
SHELL PEDESTAL

SHIELD
I---BASEPLATE

FIGURE 1.2.8A; HI-STORM lOOS OVERPACK CROSS SECTIONAL ELEVATION VIEW

ORT HI-2002444 PREVISION IREP[
6 '\SAROOEUMENTS\HI-STORM F2.2 BA



71

TOP LID

OUTER
SHELL

LIFTING
TRUNNION

WATER
I .JAEKET

SHELL

POCKET
TRUNNION

WATER JALKET
END PLATE

LOWER WATER POOL LID FLANGE
JALKET SHELL

• .. >............

FIGURE 1.2..9; 125T0N HI-TRAC TRANSFER CASK WITH FOOL

REPORTLID CROSS SECTIONAL ELEVATION VIEW~

S:\SARE"'MENTS\HI-SIRM FSAR\FIELRES\LFSAR\EHAPTER-l\I 2.9

• " >' " " " "

HI-STORM 100 FSAR Revision 6; February 7, 2008



LIFTING -
TRUNNION

LOWER WATER
JACKET
(BETWEEN --
GUSSETS)

-WATER
JACKET

-WATER JACKET
END PLATE

FIGURE 1.2.9A;
CROSS

HI-TRAC 125D TRANSFER CASK
SECTIONAL ELEVATION VIEW

REPORT HI-2002444 I FREVISION 1
G:\SARDOCUMENTS\HI-STORM FSAR\FIGURES\UFSAR\CHAPTER- 1\1.2.9A

HI-STORM 100 FSAR Revision 6; February 7, 2008



TOP LID

OUTER
SHELL

LIFTING
TRUNNION

.," WATER
JACKET

I NNER
SHELL

POCKET
.TRUNNION

WATER JACKET
END PLATE•J/!!j / TRANSFER . BOTTOM o-

LOWER WATER LID HDUSING FLANGE
JACKET SHELL

FIGURE 1.2.10; 125TON HI-TRAC TRANSFER CASK WITH TRANSFER LID
CROSS SECTIONAL ELEVATION VIEW

REPORT HI-20024441 REVISION0

\PROJE[TS\5014\HI2002444\CH 1\1 2 10
HI-STORM 100 FSAR Revision 6; February 7,2008- -



TOP LID

OUTER
SHELL

LIFTING
TRUNNION

I -'. L7L WATER
JACKET.
OUTER
SHELL

INNER
SHELL.

BOTTOM

FLANGE WATER

JACKET
END PLATE

CASK WITH POOL LID CROSS SECTIONAL

POCKET
TRUNNION

LOWER / PO I

NEUTRON
SHIELD-SHELL

FIGURE 1.2.11; 100 HI-TRAC TRANSFER
ELEVATION VIEW

REPORT HI-20024441 FREVISION 0

\PSQE?4 '\Afi>LqýLby,~121



OUTER
SHELL

LIFTING
TRUNNION

WATER
JA[KET

WATER JACKET
END PLATE

POCKET-
TRUNNION

LOWER WATER
JA[KET SHELL

FIGURE 1.2.12; 100 TON HI-TRAC TRANSFER CASK WITH
SECTIONAL ELEVATION VIEW

TRANSFER LID CROSS

I

REPORT HI-20024441 IREVISION 0

\ V 4 Lj\ 1 2_ 12



DELETED

FIGURE' 1. 2.13; DELETED



70
-0
0

I'

0

DELETED

-H

70
m

ID FIGURE 1.2 .14;. DELETED



70
m-u
I'I'

i"0

N)
CD
CD

DELETED

L.

70
m

F-4

nI FIGURE 1.2.15; DELETED

I



1. MPC UPENDING 
2. MPC INSTALLATION IN HI-TRAC

1. MPC UPENDING 2, MPC INSTALLATION IN HI-TRAC

hi

I

Il
HI-TRAC PLACEMENT IN THE

4. SPENT FUEL POOL3, MPC AND ANNULUS FILLING

. . . .. .

. ... . .

L J Ll

I ' ! --J -t

Figure 1.2.16a; Major HI-STORM 100 Loading Operations (Sheet 1 of 6)
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Figure 1.2.16b; Major HI-STORM 100 Loading Operations (Sheet 2 of 6)
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Figure 1.2.16c; Major HI-STORM 100 Loading Operations (Sheet 3 of 6)
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Figure 1.2.16d; Major Il-STORM 100 Loading Operations (Sheet 4 of 6)
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14, SAMPLE H-I-STDRM HANDlLINGl METHODS
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Figure 1.2.16e; Example of HI-STORM 100 Handling Options (Sheet 5 of 6)
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15, SAMPLE HI-TRAC HANDLING METHODS

RAIL CAR

TRANSFER TRAILER

RAIL DOLLY VERTICAL CASK CRAWLER

Figure 1.2.16f; Example of HI-TRAC Handling Options (Sheet 6 of 6)
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Figure 1.2.17a; Major HI-STORM 100 Unloading Operations (Sheet 1 of 4)
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Figure 1.2.17b; Major HI-STORM 100 Unloading Operations (Sheet 2 of 4)
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Figure 1.2.17c; 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 lOCFR50, Appendix B, and was expanded to include provisions of
1OCFR71, Subpart H, and IOCFR72, Subpart G, for structures, systems, and components designated
as important to safety. The Holtec quality assurance program, which satisfies all 18 criteria in
•10CFR72, Subpart G, that apply to the design, fabrication, construction, testing, operation,
modification, and decommissioning of structures, systems, and components important to safety is
incorporated by reference into this FSAR as described in Chapter 13.

The HI-STORM 100 System is fabricated by Holtec Manufacturing Division (HMD) of Pittsburgh,
Pennsylvania; formerly UST&D. HMD is an N-Stamp holder and a highly respected fabricator of
nuclear components. HMD is on Holtec's Approved Vendors List (AVL) and has a quality assurance
program meeting I0CFR50 Appendix B criteria. Extensive prototypical fabrication of the MPCs.has
been carried out at the HMD shop to resolve fixturing and tolerance issues. If another fabricator is to
be used for the fabrication of any part of the HI-STORM 100 System, the proposed fabricatorwill be
evaluated and audited in accordance with Holtec International's quality assurance program.

Construction, assembly, and operations on-site may be performed by Holtec or a licensee as the
prime contractor* A licensee shall be suitably qualified and experienced to perform selected
activities. Typical licensees aretechnically qualified and experienced in commercial nuclear power
plant construction and operation activities under a quality assurance program meeting IOCFR50
Appendix B criteria.
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1.4 GENERIC CASK ARRAYS

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

Table 1.4.1 provides recommended. cask spacing data for array(s) of two by N casks. The pitch
between adjacent rows of casks and between each adjacent column of casks are denoted by P1 and P 2

In Table 1.4.1. There may be an unlimited number of rows. The distance between adjacent arrays of
two by N casks (P3) shall be as specified in Table 1.4.1. See Figure 1.4.1 for further clarification.
The pattern of required pitches and distances may be repeated for an unlimited number of columns.

For a square array of casks the pitch between adjacent casks may bein accordance with Table 1.4.2.
See Figure 1.4.2 for further clarification. The data in Table 1.4.2 provide nominal values for large
ISFSIs (i.e., those with hundreds of casks in a uniform layout), where access of feed air to the
centrally located casks may become a matter of thermal consideration. From a thermal standpoint,
regardless of the size of the ISFSI, the casks should be arrayed in such a manner that the tributary
area for each cask (open ISFSI area attributable to a cask) is a minimum of 225 ft2. Subsection
4.4 1.1.7 provides the detailed thermal evaluation of the required tributary area. For specific sites, a
smaller tributary area can be utilized after appropriate thermal evaluations, for the site-specific
conditions are performed.
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Table 1.4.1

CASK LAYOUT PITCH DATA FOR 2 BY N ARRAYS

Orientation Nominal
Cask Pitch (ft.)

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

Between adjacent'sets of two 38
columns, P3
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Table 1.4.2

CASK LAYOUT PITCH DATA FOR SQUARE ARRAYS

Orientation Nominal
Cask Pitch (ft.)

Between adjacent casks 18' -8"
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FIGURE 1.4.2; CASK LAYOUT PITCH REQUIREMENTS
BASED ON A SQUARE ARRAY
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1.5 DRAWINGS

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

Drawing Description Rev.
Number/Sheet

3923. MPC Enclosure Vessel 17
3925 MPC-24E/EF Fuel Basket Assembly 7
3926 MPC-24 Fuel Basket Assembly 9
3927 *MPC-32 Fuel Basket Assembly 13
3928 MPC-68/68F/68FF Basket Assembly 1
1495 Sht 1/6. HI-STORM 100 Assembly . 13
1495 Sht 2/6 Cross Section "Z" - "Z" View of HI-STORM 18
1495 Sht 3/6 Section "Y" - "Y" of HI-STORM 12
1495 Sht 4/6 Section "X" -"X" of HI-STORM 13
1495 Sht 5/6 Section "W" -"W" of HI-STORM 15
1561 Sht 1/6 View '.'A" -"A" of HI-STORM 11
1561 Sht 2/6 Detail "B" of HI-STORM 15
1561 Sht 3/6 Detail of Air Inlet of HI-STORM 11
1561 Sht 4/6 Detail of Air Outlet of HI-STORM 12
3669 HI-STORM IOOS Assembly 16
1880 Sht 1/10 125 Ton HI-TRAC Outline With Pool Lid 9
1880 Sht 2/10 125 Ton HI-TRAC Body Sectioned Elevation 10
1880 Sht 3/10 125 Ton HI-TRAC Body Sectioned Elevation "B" - "'B" 9
1880 Sht 4/1.0 .. 125 Ton Transfer Cask Detail of Bottom Flange 10
1880 Sht 5/10 125 Ton Transfer. Cask Detail of Pool Lid 10
1880 Sht 6/10 125 Ton TransferCask Detail of Top Flange 10
1880 Sht 7/10 . " . 125 Ton Transfer Cask Detail of Top Lid. 9
1880 Sht 8/10 125 Ton.Transfer Cask View "Y" - "Y" 9
1880 Sht 9/10 125 Ton Transfer Cask Lifting Trunnion and Locking 7

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

I
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Drawing
Number/Sheet Description Rev.

2152 Sht 1/2 100 Ton HI-TRAC Transfer Lid Housing Detail 10
2152 Sht 2/2 100 Ton HI-TRAC Transfer Lid Door Detail 8
3187 Lug and Anchoring Detail for HI-STORM IOOA 2
BM-1575, Sht 1/2 Bill-of-Materials HI-STORM 100 Storage Overpack 19
BM-1575, Sht 2/2 Bill-of-Materials HI-STORM 100 Storage Overpack 19
BM-1880, Sht 1/2 Bill-of-Material for 125 Ton HI-TRAC 9
BM- 1880, Sht 2/2 Bill-of-Material for 125 Ton HI-TRAC 7
BM-1928, Sht 1/1 Bill-of-Material for 125 Ton HI-TRAC Transfer Lid 10
BM-2145 Sht 1/2 Bill-of-Material for 100 Ton HI-TRAC 6
BM-2145 Sht 2/2 Bill-of-Material for 100 Ton HI-TRAC 5
BM-2152 Sht 1/1 Bill-of-Material for 100 Ton HI-TRAC Transfer Lid 8
3768 125 Ton HI-TRAC 125D Assembly 7
4116 . HI-STORM IOOS Version B 18
4128. 100 Ton HI-TRAC IOOD Assembly .5
4724 HI-TRAC 160D Version IPI Assembly 0
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PACKAGE I.D. - SHEETS I

LICENSING DRAWING PACKAGE CONTENTS:

SHEET DESCRIPTION

1 COVER SHEET

2 MPC ENCLOSURE VESSEL GENERAL ARRANGEMENT

3 MPC ENCLOSURE VESSEL ELEVATION DETAILS

4 MPC ENCLOSURE VESSEL UD DETAILS

5 MPC FUEL SPACER DETAILS

6 MPC SERIAL#1021-040 ENCLOSURE VESSEL LID DETAILS

7 MPC ENCLOSURE VESSEL LID DETAILS (SMDR 126 t 134)

REV AFFECTED DRAWING SUMMARY OF CHANGES/ PREPARED APPROVAL VIR#
SHEET NUMBERS AFFECTED ECOs BY DATE _____

11 ALL 1021.1. REV. U, 1022-57, REV. 0, =3-3. REV. 0 S.LC 97M0S 89001

.12 SHEETS 4 & 6 ECO 5014-117, REV. 0 JJM Wilms 79255

13 SHEET S EcO 1MS-O,.REV.I . S.LC 7/2T0S 67405•

14 SHEETS ECOU 02141, REV.R J . 041177M 47815

15 SHEETS 35R ECO 102-42. REV. 0 S.LC SN4t7/I 78291

16 SHEETS 1, 3, 4. & 7 ECO 121-77, REV.O, 1021-UT, REV. S.LC I'0' 82938

17 SHEETS I & 3 ECO 1-21-.4, REV. U. 1022-73, REV. 0,1023-I1. REV. 0 S.LC 02JSRO8 96115

NOTES COS*T:

I1. THIS COMPONENT IS CLASSIFIED AS ITS-A BASED ON THE HIGHEST CLASSIFICATION
OF ANY SUBCOMPONENT. SUBCOMPONENT CLASSIFICATIONS ARE PROVIDED IN
SEAR TABLE 1.13 (TRANSPORTATION) AND FOUR TABLE 2.2.6 (STORAGE).

12. DELETED

13. LOCAL GRINDING OF THE MPC SHELL SHALL NOT RESULT IN GREATER THAN 10% LOSS
IN BASE METAL THICKNESS OVER ANY AREA WMICH EXCEEDS 4 INCHES IN THE
LONGITUDINAL OR CIRCUMFERENTIAL DIRECTION. FOR THE WELD AREA AND ADJACENT
RUSE METAL, AN ADDITIONAL ALLOWANCE OF 0.02" LOSS IN NOMINAL BASE METAL
THICKNESS IS ALLOWED OVER THE ENTIRE LENGTH OF THE WELD. THE
SUM OF ALL AREAS OF LOCAL METAL LOSS RHALL NOT EXCEED 10% OF THE OVERALL
INSIDE SURFACE AREA OF THE MPC SHELL. RNAL THICKNESSES IN LOCAL AREAS OF
GRINDING SHALL BE CONFIRMED BY UT EXAMINATION, AU APPROPRATE.

14. POR NON-GODE WELDS, THEHPUV NOFEIER ASME NOR AWS MAY BE
FOLLOWED.

15. TOLERANCES FOR THICKNESS OF ASME CODE MPC ENCLOSURE VESSEL MATERIAL ARE
SPECIFIED IN ASME SECTION IIL

16. REFER TO THE COMPONENT COMPLETION RECORD CAR FOR THE COMPLETE LIST OF
APPROVED DESIGN DEVIATION$ FOR EACH INDIVIDUAL SERIAL NUM1ER.

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

AI8. DIFFERENCES BETWEEN THE GENERIC MPC ENCLOSURE VESSEL AND THE IP1 MPC
ENCLOSURE VESSEL ARE SPECIFICALLY NOTED (FOR PART 72 USE ONLY).

C

D

t TIlE VALIDATION IDE\,2FICATION RELUSRD IR NUMBER IS A COMPI I!ER GENERATED RANDOM NIJUMER WVECA
COlnFIS THAT ALL APPEOPRIATE REVIEW TS LI T]US SLOWING AREDUC E NAIiITED ICT CE.ITANTS NETWORI L.

B

GENERAL NOTES:

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

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

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

4. THE ASME BOILER AND PRESSURE VESSEL CODE (ASME CODE), 1995 EDITION WITH ADDENDA
THROUGH 1997 IS THE GOVERNING CODE FOR THE MPC ENCLOSURE VESSEL, WITH CERTAIN APPROVED
ALTERNATIVES AS USTED IN SAR TABLE 1.3.2 ITRANSPORTATIONI AND FSAR TABLE 2.2.15 (STORAGE.
THE MPC ENCLOSURE VESSEL IS CONSTRUCTED IN ACCORDANCE WITH ASME SECTION 11, SUBSECTION
NB WITH CERTAIN APPROVED CODE ALTERNATIVES AS DESCRIBED IN THE SAR (TRANSPORTATION) AND

•FSAR I )STORAGE. NEW OR REVISED ASME CODE ALTERNATIVES REQUIRE PRIOR NRC APPROVAL BEFORE•
IMPLEMENTATION" "

5. ALL MPC ENCLOSURE VESSEL STRUCTURAL MATERIALS ARE "ALLOY X" UNLESS OTHERWISE NOTED.
ALLOY X IS ANY OF THE FOLLOWING STAINLESS STEEL TYPES: 316. 316LN, 304, AND 304LN. ALLOY X
-MATERIAL MUST COMPLY WITH ASME SECTION 11 PART A. WELD MATERIAL COMPLIES WITH ASME SECTION II,
PART C. MPC ENCLOSURE VESSEL WALL (I.E. CYCUNDER SHELL) WILL BE FABRICATED OF PIECES MADE FROM
THE SAME TYPE OF STAINLESS STEEL

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

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

B. FUEL BASKET SUPPORTS ARE ILLUSTRATIVE. ACTUAL FUEL BASKET SUPPORT ARRANGEMENTS ARE SHOWN
:ON THE INDMDUAL FUEL BASKET DRAWINGS.

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

10. ALL WELD SIZES ARE MINIMUMS. LARGER WELDS ARE PERMITTED. LOCAL AREAS OF UNDERSIZE WELDS ARE
.ACCEPTABLE WITHIN THE LIMITS SPECIFIED IN THE ASME CODE, AS APPLICABLE.

MPC ENCLOSURE VESSEL
ISOMETRIC VIEW

IF

B

I

- I

I

A
A

nMEEM GENERAL
H 0 L T E C MPC ENCLOSURE
INTERNATIONAL VESSELI

5014 j- 3923 1
_______U _____________________________________________ ' _________________________________N/A_

8 7 6 5 Ir 4 3 2 1 HFSTORM 100FEAR R.vian 6; Fib,,y7.2008



SECTION A-A
VENT PORT

DETAIL B
DRAIN PORT

EXTERNAL
VIEW



-C

4 __

1W 511lr REF.
(SEE NOTE I
THIS SHEET)

I. . I

___________________ ___________________ S ___ I:

-C
NOTES:

I. TROJAN MPC DIMENSION IS 181.3" (MAX.). IP1 MPC DIMENSION IS 1156 181" (MAX.).
. TROJAN MPC DIMENSION IS 169.T (NOM.). IP1 MPC DIMENSION IS 144 1WIN1 (MAX.).

3. MULTI-LAYER PT SHALL INCLUDE ROOT AND FINAL
PASSES AND EACH APPROXIMATELY 3/8" OF WELD DEPTH.

4. DELETED.

SECTION CO

5. MPC•SM 0 NOT CERTIFIED MR TRANSPORTATION
UNDER 1ECFR71.

6. OPTIONAL CONSTRUCTION MOR THE CLOSURE RING PROVIDES
PENETRATIONS TO ALLOW HELUM LEAKAGE TESTING OF THE MPG
LID-TO-SHELL AND VENT/DRAIN PORT COVER PLATE WELDS DURING
A SINGLE TEST. PLUG WELDS IN THE CLOSURE RING ARE IDENTICAL TO THE
PLUG WELDS IN THE VENT/DRAIN PORT COVER PLATES AND, ACCORDINGLY.
ARE ADEQUATE TO SEAL THE MPC.

6 5
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90°

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

270*

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

. (SEE NOTE 3, THIS SHEET)OPTIONAL NON-STRUCTURAL
ATTACH ME NT WELD
(SEE NOTE I, THIS SHEET) 3116

I - -- l==r- . . I I i m; Im
I . L .

J Y
-1

9 2, 'NOMIT.)

SEE NOTE 4

I
• [ , . I . ...

NOTE:

I.THE MPC LID MAY RE FABRICATED FROM ONE PIECE OR
Two PIECES. SPLIT TOP AND BOTTOM. 4 3/4" (SM.) THICK.
THE TOP PIECE ACTS AS A STRUCTURAL MEMNER ANDTHE
BOTTOM PIECE ACTS PRIMARILY AS A RADIATION SHIELD.

2. MPC LID BR 3A" R(MIN.) DIAMETER EXCEPT "F MODEL, MICH IS

65.W (AIN.) DIMETER.

3. MPC-6BFF IS NOT CERTIRED FOR TRANSPORTATION UNDER 10CFR71.

4. MPC-UR SERIAL M1ID21-0 HAS A ONE-TIME DEVIATION W4ITH RESPECT TO THE
MPC UD THICKNESS. SHEET 6 DEPICTS THE SPECIFIC CONFIGURATION FOR THIS
LID (SMDR-1D21•-2)(.

MPC LID
GENERAL

MPC ENCLOSURE
VESSEL LID

DETAILS

7 2 HI-STORM 100 FSAR R-1.so 6, Feb-a 7, 2008
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(NOM.M)

CREF.)

LOWER FUEL SPACER
UIPPER FLATE k

NOTES:

1. TOLERANCES ON PLATE AND COLUMN THICKNESS
PER ASME SECTION 1I OR ASTM A554, AS
APPLICABLE.

2. PWR LOWER FEEL SPACER COLUMN MATERIAL MUST
BE TYPE 3EA OR 304LN STAINLESS STEEL WETH
TENSILE STRENGTH -/= 75 kso. YIELD STRENGTH
>/ 30W.i, AND CHEMICALS PER ASTM A55. BWR
LOWER FUEL SPACER COLUMNS ARE ALLOY X"

WITH SAME TENSILE, YIELD. AND CHEMICAL
REQUIREMENTS.

D

a in.

I NOM.) 3

AT

LOERFEL S PACERUPPERpLAER

IW ISEMI) SO. SRTHK

(I MAX.)

SI-:

LOWER FEL
SPACER Al (NOM.
LOWER PLATE (4) OPENINGS

wA APART

LOWER BWR FUEL

LOWER FUEL SPACER
LOWER PLATE LOWER FUEL SPACER

LOWER PLATE

LOWER PWR FUEL SPACER ASSEMBLY
(SEE NOTE 1 THIS SHEET) SPACER ASSEMBLY

(SEE NOTE 1 THIS SHEET) ------ ------

IROMI l.)TR NAIE

.3/10U NC (NOM,)
TnRU OPTIONAL

UPPER FUEL SPACER
UPPER PLATE

31"THKL

FPPER FEEL

SLOWER PLATE

. (OPTIONAL)

(NOMI -DRI (NOM.)
THRU HOLE

UPPER FUEL SPACER
LOWER PLATEMBLY

UPPER PWR FUEL SPACER ASSEMBLY•

II UPPER BWR FUEL SPACER ASSEMBLY
(SEE NOTE 1 THIS SHEET)

MEmmm
HOLTEC
INTERNATIONAL

1' 92. -7 2

(tit:: NO I E 1 THIS5 SHEET l)



2 1

90°

D I 0

DETAIL E

C C

180"

270' .
MPG LID PLAN VIEW

(SHIELD ULD NT SHOWN)

SECTION VIEW WITH SHIELD LID

U 81,2
(MIS.)

MPG LID ELEVATION VIEW
(SHIELD LID NOT SH10N)

GENERAL

MPC SERIAL #1021-040
ENCLOSURE VESSEL

LID DETAILS
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90°

D

- 0805 " IN.)
(SEE NOTE 1, THIS SHEET)

180°•
DETAIL E

(SEE NOTE 1, TIlHS SHEET)

B

270'

ATTACHMENT WELD 31
VT

I
u . I uI

(MIN.)

NOTE:

I. THE OPTIONAL SD SENION SHOWN ON THIS SHEET MAY RE USED WiTH
THE MPC PROVIDED THE MPC SHELL IS MODIFIED AS SHOWN ON
DETAIL DPSHEET 3), OTH A J" UPPER SHELL THICKNESS (SMDR 12W

MPC LID
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CLIENT GENERAL LICENSING DRAWING PACKAGE COVER SHEET

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

D
DRAWING 3925 TOTAL
PACKAGE I.D. SHEETS

LICENSING DRAWING PACKAGE CONTENTS:

SHEET DESCRIPTION

1 COVER SHEET

2 FUEL BASKET ARRANGEMENT

3 FUEL BASKET LAYOUT AND WELD DETAILS

4 FUEL BASKET SUPPORT DETAILS

13

14

15REVISION LOG

REV AFFECTED DRAWING• SUMMARY OF CHANGES/ PREPARED APPROVAL VIR#,
SHEET NUMBERS AFFECTED ECOs BY DATE - 1

0 INITIAL ISSUE 1022-3 SLC 513052 17385

1 ALL .10-. REV. 1 .Lc MIMI 69345 17

2 SHEETS 2 & S 1022-, REV. RU 5014-U, REV. 0 SLC 403153 61822

3 SHEETS 1.2,5' 1022-4& SLC 5103 40190

4 SHEETS 1, 3, & 4 1022-51 SLC 7/11/03 34515

5 SHEET2 1022-57 SLC 51274 57814

6 SHEETS 2.3. B&4 1022-SS. REV. 0 SLC CR14.55 49580 19

7 SHEETS 1. 2. & 3 1022-67. REV. 0 SLC 15(0255 35683

3. DELETED.

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

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

REFER TO THE COMPONENT COMPLETION RECORD CCR)FOR
THE COMPLETE UST OF APPROVED DESIGN DEVIATIONS OR
EACH INDIVIDUAL SERIAL NUMBER.

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

8. DIMENSIONS NOTED AS NOMINAL ("NOM.") IN THE DRAWING ARE FOR
INFORMATION ONLY. IN ORDER TO INDICATE THE GENERAL SIZE OF
THE COMPONENT OR PART. NOMINAL DIMENSIONS HAVE NO SPECIFIC

-TOLERANCE, BUT ARE MET THROUGH FABRICATION IN ACCORDANCE
WITH OTHER DIMENSIONS THAT ARE TOLERANCED AND INSPECTED.
NOMINAL DIMENSIONS ARE NOT SPECIFICALLY VERIFIED DURING THE
FABRICATION PROCESS.

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

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

D

C C
20

A

+ THE VALI}ATION IDENTI'•ICATION REL'ORI (VI[RyNJUlE IS A COMPUTER GENERATED RANDOM NýIJBER WHICH
CONFIRMS THAT AlL APPROPRIAIT REVIEWS OF IllS DRANINO ARE DOCUMENTED IN COIPANYS NETWORK.

.0 I

I

B

i

GENERAL NOTES:

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

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

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

4. THE ASME BOILER AND PRESSURE VESSEL CODE ASME CODE. 1995 EDITION WITH ADDENDATHROUGH 1997, IS THE GOVERNING
* CODE FOR THE HI-STAR IRS SYSTEM. WITH CERTAIN APPROVED ALTERNATIVES AS LISTED IN SAR TABLE 1.3.2 (TRANSPORTATION)

* AND FEAR TABLE 2.2.15 (STORAGEI. THE MPC FUEL BASKET IS CONSTRUCTED IN ACCORDANCE WITH ASME SECTION III,
SUBSECTION NG AS DESCRIBED IN THE EAR (TRANSPORTATIONI AND FEAR (STORAGE). NEW OR REVISED ASME COBE
ALTERNATIVES REQUIRE PRIOR NRC APPROVAL BEFORE IMPLEMENTATION.

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

6. ALL WELDS REQUIRE VISUAL EXAMINATION T'). ADDITIONAL NDE INSPECTIONS ARE NOTED ON THE DRAWING AS REQUIRED. NDE
TECHNIQUES AND ACCEPTANCE CRITERIA ARE GOVERNED BY ASME SECTIONS V AND III, RESPECTIVELY, AS CLARIFIED IN THE
APPLICABLE SAFETY ANALYSIS REPORTS.

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

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

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

10. DIFFERENCES BETWEEN THE GENERIC MPC-24E/EF BASKET AND THE TROJAN PLANT MPC-24E/EF BASKET ARE SPECIFICALLY NOTED.

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

OF THE PANELS INTO THE MPC FUEL BASKET. NEUTRON ABSORBER DAMAGE OF UP TO THE EQUIVALENT OF A I" DIAMETER HOLE
IN EACH PANEL HAS BEEN ANALYZED AND FOUND TO BE ACCEPTABLE. ADDITIONALLY. LOCALIZED NEUTRON ABSORBER DAMAGE
ALONG ONE EDGE OF A PANEL ONLY IS PERMITTED IF:

A) THE TOTAL AREA OF DAMAGE DOES NOT EXCEED 5 SQ. IN: AND; "

B) ElTHE DAMAGE IS LOCATED WITHIN THE TOP OR BOTTOM 27- OF THE PANEL AND;

C) THE DAMAGE DOES NOT EXTEND FARTHER THAN 1" FROM THE EDGE OF THE
- • PANEL AND; .

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

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

B

4.

i -
MPC-24EEF FUEL BASKET

ISOMETRIC VIEW

i
a

MENEM GENERAL
HO LTEC MPC-24E/EF
INTERNATIONAL FUEL BASKET

ASSEMBLY

I -

i
1022 3925 l "•V•
N/A
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A

(SEE NOTES I A 7, THIS

0l

ISOMETRIC ASSEMBLY VIEW

NOTES:

. BORAL TO BE 0101" INOM.) THE. A 1/2"WIDE MIN. X 155 718 MIN., S5"-(NOM.) LG.
WITH MINIMUM B-10 LOADING OF 0.0372 g/cm. SHEATHING 0.5" (NOM.) THK. 51I" THK. ANGU

2. BORAL TO BE 001" (NOM.) THK X 61/4" WIDE MIN. X 155 7/1" MINSI5T(NOM.) LG CELL WALL (TY

WITH MINIMUM B6lA LOADING OF 0.0372 g9crr. SHEATHING 0.06" (NOM.) THK.

3. TROJAN BASKET HEIGHT IS 167 1/4", EXCEPT CELLS 3, 6,19. ASD 22, WHICH
ARE 163 I/4"514"WHIGH. 5/16"THE

PLATE)

4. EACH FUEL STORAGE LOCATION IS GIVEN A UNIQUE IDENTIFICA1TON NUMBER
TO PROVIDE A UNIFORM SYSTEM FOR RECORDUING THE LOCATION OF EACH
FUEL ASSEMBLY.

5. ON TROJAN BASKET BOTTOM MOUSEHOLES ARE NOMINALLY 1 1/4" HIGH BY 4= WIDE
RECTANGULAR SLOTS AND BORAL HEIGHT ABOXE BASKET BOTTOM IS NOMINALLY 1 3/4".-

MPC-24 SERtAL a1022-2" FOR TROJAN HAS A ONE TIME DEVIATION WITH RESPEETTOTHE LOCATION OF THE RECTANGULAR SLOTS AND MOUSEHOLES ON TWO CELL PLATES
BETWEEN CELL NUMBERS 11 AND 17. THESE TWO CELL PLATES HAVE THE RECTANGULAR
SLOTS ON THE TOP AND THE MOUSEHOLES OS THE BOTTOM. EVALUATION OF THIS DEVIATION
HAS CONCLUDED THAT THERE IS A NEGLIGIULE IMPACT ON THE DESIGN BASIS ANALYSES
(SMDR-1022-926).

6. ONLY FUEL STORAGE LOCATIONS 3.6,19., AND 22 CAN ACCOMMODATE DAMAGED FUEL
ANDIOR FUEL DEBRIS.

a 1 7

A7T. METAMIC TO BE 0.10H5 (NOM.) THKI X 7 IT WIDE MIN. X 155 718" MIN. 158" NOM.) LG.THE MINIMUM METAMIC B-10 LOADING IS 0.0310 ra WITH A MINIMUB4C LOADING
OF 31.5% AND MAXIMUM OF 33%. METAMIC IS NgT REQUIRED TO BE PASSIVATED.
SHEATHING 0.00" (NOM.) THK.

S B. METAMIC TORE SlOB". (NOR.) THKL SB 1/4" WIDE MIN. 0138 7/B" MIN. (156" NOR.) LG
THE MINIMUM METAMIC &-10 LOADING IS 0.0310 0/cr" WITH A MINIMU BMC LOADING
OF 31.5% AND MAXIMU M OF 33%. METAMIC IS NOT REQUIRED TO BE PASSIVATED.
SHEATHING 0DB" (NOM.) THK.

6 S
6 5
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WA4 24 TYPR

F 90*

•75-.06 Q. TrP

FFOR ALI BUT

19 & 22 6,19 & 2
G2

DETAIL B 90ýws.Tp

-- ~~~O CELLS~TEFO
.. . .. . ... . . .. . . .. . TOTP .AND• (SEE NOTE I

BOTTOING34TISSET__ SHEAI~hlNO

TO CELL WALL

64.23
INUM.)

VTNIMUMWLD LENG TH ... 62.63

Typ. .197 m ME UT N ANSOR.ER P L IN )

R7R\IN MEURON ABSORBERBPAEL .

VT -- - 7. 8 9 
1 0 

76- 12N- 46.00

IFLUX TRAP (TYP.

DETAIL C 
.3 B . RLLB5.4 .

(N___M.)__ 23O.79

180, ---

138

DT13 14 15 .16

TYP. .197

DETAIL D

A I NOTES: FOA

VRTIECA CLLS 21 22"SHEATHING 2-8 .7 MN

V T > 1 99 7 B S C E L L W A L U .

G E N E R A L

T1 7 T(SEPE N O T E 4 , O PS S H E E T R 
F LUT 

ATET S B 1rHM 
2 /

OR CELLS 3 ER.EE
3, 6.419, & 7)

DETAIL E TSEE AOTES P
.. . . . .. .. . . . . . .. . . . . . .. J •THIS SHEET)

Twp. .19

VNROTYP. FORLVTSHAPES 23 2

DETAIL FEE

TYR. FOR V7-RHA. NOTES'" C-SHAPES A0

', I. DIMENSION OF CELLS 3.,8 ,19,AND 22 FORTIROJAN

TYP. " ~2.... DIESION... FLUX TRAP FOR....... BI .... 0.52 ...... H OL T EC ... MPC-24F-/EF
OR I3. DELETED..IN E AT N L

.197 i ~ ~~~~~4. LENGTH AND $PACINo OF WELD ON S'IDES OF SHEATHING CAN VARY" PROVIDED "•E EFUELBSE
Z•TTLSHEATHING WELD PER PIECE IS NOT LESS THAN 65" FOR WID}E NEUTRONLAOTNDWDDEIS

DEALGTHERE IS A MINIMUM OF 19r OF WELD ALONG EACHt SIDE .OF THE SHEATHING PANEL. ". .. 1022 '23"-...... 3925 3
N/ATAILG--

8 6 5 4 3 2 HI-TORM IM FSAR R-il.n 6: Fib-ir 7. 2=0

6 S 4 3 2 HISTURM SB FSAR R.Ad~~ B: P.Sny 7. BUUU
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D

F1 (NOR.)

3~ IC
INOM.M.

3L,

_ W INOM.)1RI (NOM.) FOR TROJAN MPCS

WIDE SHIM

MIN

,w

r7
NOM.

I

18 (NOM.)II- (NOM.) FOR TROJAN MPCS

T:\\

THIN SHIM

270"

NOTE:

1. TAE MPC BASKET SUPPORTS ARE WELDED TO THE INSIDE
SURFACE OF THE MPC SHELL. THEY MAY INCLUDE ADJUSTABLE
SHIMS TO ENSURE THE NECESSARY CLEARANCE BETWEEN THE
BASKET TOUCH POINTS AND THE BASKET SUPPORTS.
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CLIENT GENERAL LICENSING DRAWING PACKAGE COVER SHEET

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

LICENSING DRAWING PACKAGE CONTENTS:

G

B

SHEET DESCRIPTION

1 COVER SHEET

2 FUEL BASKET ARRANGEMENT

3 FUEL BASKET LAYOUT AND WELD DETAILS

4 FUEL BASKET SUPPORTS

8

*REVISION LOG

REV AFFECTED DRAWING . SUMMARY OF CHANGES/ PREPARED APPROVAL V1R#

SHEET NUMBERS AFFECTED ECOs BY DATEL

0 INITIAL ISSUE 1022-3U SLC 50552 74916

1 ALL 1.22U, REV. 1 SLC 82802 37611

2 SHEET 1 1022243. REV. 0 SLC 10SM2 84086

3 SHEET 3 5014"-2. REV. 0 SLc 305/3 70654

4 SHEETS 1, 2, & 4 1022-48 .SLC D 1I5= 13075

5 SHEETS 1.3, & 4 IZ.ZUi SLC . - 7/11M 81349

6 SHEETS 1.2 & 3 1022-58 REV. I JJB 05112/U 70914

7 SHEETS 1K 2 1022-N REV. I JJB U17N0E 42496

8 SHEETS 2R4 1-22-., REV. U SLD ORIOH 34908

9 SHEETS 1, 2 3 1-.7. REV. 0 SLC 10,0CR 86844

t TILE VAUDATION IDEnFTFICATlMN RECOIRD (XTIR NýEE ISA COMPTER GENERATES HANSOM NISBER 5/SUCH
CONFIRMS THAT ALL APPROPRIATE RETIESWS OF THIS DRAWING"ARE DOCU2IMENTED IN COMPAINYS NETWORAK

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

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

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

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

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

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

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

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

c;

GENERAL NOTES:

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

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

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

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

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

B6. ALL WELDS REQUIRE VISUAL EXAMINATION (rT. ADDITIONAL NDE EXAMINATIONS ARE NOTED ON THE DRAWING, AS REQUIRED.
NOE TECHNIQUES AND ACCEPTANCE CRITE IA ARE GOVERNED BY ASME SECTIONS V AND III, RESPECTIVELY, AS CLARIFIED IN
THE APPLICABLE SAFETY ANALYSIS REPORTS.

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

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

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

A 10. BOTH BORAL AND METAMIC ARE APPROVED FOR USE AS NEUTRON ABSORBERS. NEUTRON ABSORBER PANELS ARE INTENDED
U TO HAVE NO SIGNIFICANT FLAWS. HOWEVER, TO ACCOUNT FOR MANUFACTURING DEVIATIONS OCCURING DURING INSTALLATION

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

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

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

13. DELETED.

D

B

MPC-24 FUEL BASKET
ISOMETRIC VIEW

A A
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ISOMETRIC ASSEMBLY VIEW

B

A

2 7HrA!3r I
O (Y. FOR j
NEUTRON

NOTES: ABSORBER)

1. SORAL TO BE 0.07F (NOM.) THK. X 7 /2" WODE MIN. X 155 W70" MIN., 1W (NOM) LG.
WITH MINIMUM B-10 LOADING OF 0.0267 cm". SHEATHING 0.024" NOM.) THK.

2. BORAL TO BE 0,075" (NOM.) THK. X 61/4" WDE MIN. XIS5S7/7" MIN.. 1W INOM.) LG.
WITH MINIMUM S`10 LOADING OF 0.0207170r. SHEATHING 0.024" (NOM. THK.

3. EACH FUEL STORAGE LOCAT ON IS G V) A UiNQUE IENTIFICATION NUMBER
TO PROVIDE A UNIFORM SYSTEM FOR RECORDING THE LOCATION OF EACH
FUEL ASSEMBLY.

4. METAMIC TO BE 0.077" (NOM.) THK X 7 172" WODE MIN. X 155 77" MIN. 056" NOM.) LO.
THE MINIMUM METAMIC B-10 LOADING IS 0.0220 /m"2 WITH A MINIMUM BC LOADING
OF 31.5% AND MAXIMUM OF 33%. METAMIC IS NOT REQUIRED TO BE PASSIVATED.
SHEATHING 0.024" (NOM.) THKA . METAMIC TO BE 0.077" (NOM.) THKIC B 174" WDE MIN. X 155 7/8" MIN. (1W NOM.) LO.
THE MINIMUM METAMIC B-IA LOADING IS 0.0223 a/'2 WITH A MINIMUM B4C LOADING
OF 31.5% AND MAXIMUM OF 3M%. METAMIC IS NOT REOUIRED TO BE PASSIVATED.
SHEATHING 0.O24" (NOM.) THK.

4 2 HkSTOR M I(X0 FSAR R.viL. 6; Febrar 7. 20M8
4aHOOM10FU .VO :FAay720
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D

DETAIL B

TYP

DETAIL D

DETAIL E

. DETAIL F
-----------------------

OR

D.E7

DETAIL G

IDELETED.

2.LENGTHANMD SPACING OF WELD ON SIDES OF SHEATHING CAN VARY
PROVIDED TOTAL VERTICAL SHEATHING WELD PER PIECE IS NOT LESS
THAN 6F FOR WIDE NEUTRON ABSORRER PANELS OR 67.F FOR NARROW
NEUTRON ABSORBER PANELS. AND THERE IS A MINIMUM OF Ir OF WELD
ALONG EVER SIDE OF THE SHEATHING PANEL.

R 2 HýTORM I W0 FSAR R.Wl.on 6: F~b..q 7. 2008
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WIDE SHIM

Li

THIN SHIM

NOTE:

1. THE MPC BASKET SUPPORTS ARE WELDED TO THE INSI)E SURFACE OF THE MPC SHELL.
THEY MAY INCLUDE ADJUSTABLE SHIMS TO ENSURE THE NECESSARY CLEARANCE BETWEEN
THE BASKET TOUCH POINTS AND THE BASKET SUPPORTS.

B

A A

EE. GENERAL

HOLTEC MPC 24
ENA ONAL FUELBASKET

. ..- -E SUPPORTS

j- 022 739 3926 4
Ii NONE I

I 7 0I 5 4 IYOM RFORRAn ]FSs~ .zo
8 7 6 .. I 5" -i 3 2 1 HI-STORM 1O0FSAR R-w1-n6; ý -ay7, 20M8
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CLIENTG LICENSING DRAWING PACKAGE COVER SHEET
GENERAL.

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

DRAWING 397 TOTAL 5

PACKAGE I.D. SHEETS 5

DESIGN DRAWING PACKAGE CONTENTS:

REVISION LOG
IT IS MANDATORY AT EACH REVISION TO COMPLETE TIlE REVIEW & APPROVAL LOG STORED IN HOLTECS

DIRECTORY N.PDOXWINW,'ORKINGfDBAL BY ALL RELEVANT TECHNICAL DISCIPLINES PM ANDQA PERSONN.EL
EACHI ATTACHED DRAWING SHEET CONTAINS ANNOTATED TRIANGLES INDICATINII TIE REVISIONTO THE DRALING.

D

SHEET DESCRIPTION

1 COVER SHEET

2 FUEL BASKET ARRANGEMENT

3 FUEL BASKET LAYOUT AND WELD DETAILS

4 STANDARD FUEL BASKET SUPPORTS

5 OPTIONAL FUEL BASKET SUPPORTS

REV AFFECTED DRAWING SUMMARY OF CHANGES/ PREPARED APPROVAL IR
R SHEET NUMBERS • AFFECTED ECOs BY DATE

11 .EET 102H REV. SLC 09/21/06 93452

12 SHEETS 102 1023-H. REV.o SLC 10/03/06 72109

13 SHEETS 1.2, 4 H&5 10123.50 REV. 0 SLC 02/06/08 79022

T'Ie VALIDATION IDENTIFICATION RECORD I'IRI NLIMBER IS A COMPUTER GEN•ERTED RANDOM NUMBER WtICH
CONFIRMS THAT ALLAPPROPRIATE REVIEWS THIS DRAWING ARE DýýOMENý IN COMPANYS NETWORK.

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

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

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

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

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

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

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

20. DIFFERENCES BETWEEN THE GENERIC MPC-32 AND THE IP1 MPC-32
ARE SPECIFICALLY NOTED (FOR PART 72 USE ONLY).

C

F-I

I
L

I I.*

I

I -

- I

GENERAL NOTES:.

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

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

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

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

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

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

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

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

9. ALL STRUCTURAL MATERIALS ARE "ALLOY X- UNLESS OTHERWISE NOTED. ALLOY X IS ANY OF THE FOLLOWING STAINLESS STEEL
TYPES: 316,316 LN, 304. AND 314 LN.

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

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

12. DELETED.

B

I MPC-32 FUEL BASKET
ISOMETRIC VIEW

AI
I

- I

mmmmm GENERAL
HOLTEC MPC-32
INTERNATIONAL FUEL BASKET

-L- . ASSEMBLY

1023 3927 1
N/A -
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ISOMETRIC ASSEMBLY VIEW

5 16

7 = " 0"

!1 22
BRAIN LINE

I LOCATION

176 1 tl•/4"
(SEE NOTE 4) .

SUPPORT P.

27 28 ISEESH 4

2 7Tr3,B"
(TYP. FOR 2NEUTRON

ABSORBER) N

12 Iu

(TYP. TOP AND SHEA1
AND BOTTOM) BASKET ELEVATION VIEW

NOTES:

A l. BORAL TO BE 0,11NOM, THU. U E /IRDE MIN. X 155 71r MIN., 156' (NOM.) 1G.
WN'H MINIMUM B-IU LOADING OF g/m. SHEATHING 0,,5 THK THE
LENGTH OF THE BIRAL FOR TRE PS BASKET IS (6INOM.) (135 718 MIN.)

2. EACH FUEL STORAGE LOCATION IS GWVEN A UNIQUE IDENTIFICATION NUMBER
TO PROVIDE A UNIFORM SYSTEM FOR RECORDING THE LOCATION OF EACH
FUEL ASSEMBLY. .............. .... ENERA

A ,3.METAMIC TO BE 0.10VI INOM.) THK. X 7 1I WIDE MIN. X 155 7/I MIN. (156" NOM.) LG. 0 T
THE MINIMUM METAMIC B LOADING IS 0.0210 . .. ITH AMINIMUM S LOADING HO LTEC MPC-32
OF 31.5% AND MMXIMUM OF 33%. METAMIC IS NOT REQUIRED TO BE PASSIVATED.
SHEATHING 0.03TH THU. TUE LENGTH OF METAMIC FOR THE IP1 BASKET IS S" (NOM.) FUEL BASI1 135 7/8" MIN.) am UHE CFn'

L3T.TE1BSEEESI.S1,1U1. 1 ASSEMB[
A 4. THýE 17P1 BASKET DIMENSION IS 143 I/S"t1/4. •m•~ •i

270'

CROSS SECTIONAL VIEW OF THE MPC-32
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DETAIL A

c C
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DETAIL

B B

'I DETAIL C

270'

A A

NOTE:

1. DELETED.

2. LENGTH AND SPACING OF MELD ON SIDES OF SHEATEING CAN VARY
PROVIDED TOTAL VERTICAL SHEATHING VWLD PER PIECE IS NOT LESS
THAN 65- AND THERE IS A MINIMUM OF IT OF WELD ALONG EACH SIDE
OF THE SHEATHING PANEL

*fllfflGENE.A _

HOLTEC MPC-32
INTERNATIONAL FUELBASKET

-R- -. , LAYOUT AND WELD DETAILS

1 N/A

I-.~ I
3923 1 ..... 3927 I3 113

8 7 6 5 -U- 4 3 2 Al-STORM ISA PSAR R.~I
4
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D I

DETAIL G

c I I C

3.8l
NOM.

THI.

NOM.

,a rNOM.) A

(SEE NOTE 2)

ANGLE SUPPORT (A)

B AS REOAD tF.2 (NCMO51im M
168 12" (NOM) A
(SEE NOTE 2E

IN6 1(2N NOM.)
(SEE NOTE 2)

SHIM ASSEMBLY

B

AS REODD [-

EDn
OPTIONAL CONSTRUCTION

A A

NOTE:

I. THE MPG BASKET SUPPORTS ARE WELDED TO THE INSIDE SURFACE OF THE MPM SHELL
THEY MAY INCLUDE ADJUSTABLE SHIMS TO ENSURE THE NECESSARY CLEARANCE BREPNEEN
THE BASKET TOUCH POINTS AND THE BASKET SUPPORTS.

A'2. THE IP1 BASKET SUPPORT DIMENSION IS 135 /8 (NOM.).

a 7 6 4 3 2 HI-STOR M I00 FSAR RviJo 6; Februar 7,.2008
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CLIENT GENERAL "•LICENSING DRAWING PACKAGE COVER SHEET

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

REVISION LOG

AFFECTED DRAWING: SUl .ES/ TPREPAREDI APPROVAL VR#
BYI BYR DATEI V

11 I.ET RLS i 91256

LICENSING DRAWING PACKAGE CONTENTS:

SHEET DESCRIPTION

I COVER SHEET

2 FUEL BASKET ARRANGEMENT

3 FUEL BASKET LAYOUT AND WELD DETAILS

4 FUEL BASKET SUPPORTS

________I

11 SHET .I.. t -1 9

.b.. . .•__ . ___

STIE VAUDATAION'IENTIFICATAIN RFCORD IVIR)NME IS A COMMITE.U GENERATED RANTUOM NUMBER U11iCII
*CONFIRNLSTILAT ALLAPP~PIAI'IAPULTESVIW IF THIS DRAWING ARE S AIMETELI IN CIMP.ANUS NTTVORKZ

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

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

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

16. THE MPC-68168F IS CERTIFIED FOR STORAGE AND TRANSPORTATION
OF INTACT AND DAMAGED BWR FUEL AND BWR FUEL CLASSIFIED AS
FUEL DEBRIS, AS SPECIFIED IN COCs 72-1 008,72-1014, AND 71-9261.
THE MPC-68FF IS CERTIFIED ONLY FOR STORAGE OF INTACT AND
DAMAGED BWR FUEL AND BWR FUEL CLASSIFIED AS FUEL DEBRIS
IN THE HI-STORM 100 SYSTEM UNDER COC 72-1014.

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

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

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

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

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

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

4. THE ASME BOILER AND PRESSURE VESSEL CODEtIASME CODE, 1995 EDITION WITH ADDENDA THROUGH 1997, IS THE GOVERNING

CODE FOR THE HI-STAR 100 SYSTEM WITH CERTAIN APPROVED ALTERNATIVES AS LISTED IN SAR TABLE 1.3.2 (TRANSPORTATION)
AND FBAR TABLE 2.2.15 (STORAGE). THE MPC FUEL BASKET IS CONSTRUCTED IN ACCORDANCE WITH ASME SECTION III,
SUBSECTION NG AS DESCRIBED IN THE EAR TRANSPORTATION) AND FSAR (STORAGE). NEW OR REVISED ASME CODE
ALTERNATIVES REQUIRE PRIOR NRC APPROVAL BEFORE IMPLEMENTATION.

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

6. ALL WELDS REQUIRE VISUAL EXAMINATION 'T). ADDITIONAL NDE INSPECTIONS ARE NOTED ON THE DRAWING
AS REQUIRED. NDE TECHNIQUES AND ACCEPTANCE CRITERIA ARE GOVERNED BY ASME SECTIONS V AND III,
RESPECTIVELY, AS CLARIFIED IN THE APPLICABLE SAFETY ANALYSIS REPORTS.

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

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

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

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

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

12. DELETED.
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CTEL TPANEL
CELL TIYP.)

*3.152
(RE F.)

KSEE #TE~l.
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PANEL CELL (TYP.)

VT TTP.
, ~FOR TOP AND BOTTOM

SHEATHING TO CELL WALL
- (33X4- MINIMUM WELD LENGTH)
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CELL I

180"
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ISOMETRIC ASSEMBLY VIEW
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4rF7-F-,- ýTTT -f 1- -T ýFTTT1 7-
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B

NEUTRON
ABSORBER AND SHEATHING
(SEE NOTES IA&, THIS SHEET)

ETYP. FOR

V y NEUTRON ABSORBER)

NOTES: • .OTTY.P

FOR VERTICAL
HAT CONDUTION ELE S ,4 2, SHEATHING TO CELL WA i

• N D(DEE NOTE 3, TRIO SHEET)
662 '63 '6 '5 665

Rl
ITY

67 68 . . OTHE. MPG SHELL
(SENOTES: . 39M

OPTIONAL ALUMINUM NOES

HEAT CONDUCTION ELEMENTS .. 1. RURAL TONBE USD01" NOM.ITHE X04 3I4-WIOE MIN. U 155 7W0 MIS., ISN1OM.I LA. WI2TH MINIMU
AROIRE SHOWS WITH DSHEDONAES 270 LOADING OF 0.0372 gIHK IMPC-RA AD MCRFFI OR.0H1H IK. IMPF). MPG-RNSERIAL #17

IREQIRERFOR I-STN STRAGE . .INCLDES ONETIM DET ON ORRAL PANEWIOTXACTUAL BOAL PANEL MINIMUM WI
ITPI4.72 ON ONE PANEL, WHICH HAG A NEGLIGIBLE EFFECT ON THE CRITICALITY ANALYSES DMND

'lJIL1.JIt_ l,.ILk_.IjILILJLAWILJIL.j- " - 1 --A .-- L- ' -- " - A ,

11 K-1 ýJl-L' J I~TYP TOP
ADBOTTOM)

',-NEUTRON ABSORBER
P. TOP BSE ELVTO VIW AND SHEATHING (TYP.I
D BOTTOM)AKT LVTINVE

S

M B-10

DTH WAS
R 1021-577).A A

PLAN VIEW SHEATHING OCR75 N~OM6)CTHK`2. EACH FUEL STORAGE LOCATION IS GIVEN A UNIQUE IDENTIFICATION NUMBER TO PROVIDE A UNIFORM
SYSTEM FOR RECORDING THE LOCATION OF EACH FUEL ASSEMBLY.

3. LENGTH AND SPACING OF WELD ON SIDES OF SHEATHING CAN VARY PROVIDED TOTAL SHEATHING WELD
PER PIECE IS NOT LESS THAN 70 112" AND THERE ISA MINIMUM OF 0 OPWELDALONG EACH SIDE OFTHE
SHEATHING PANEL.

4. MPC-ABFF IS NOT CERTIFIED FOR TRANSPORTATION UNDER 1DCFR71.
5. MPC-68 SERIAL #102I-026 INCLUDES A ONE-TIME DEVIATION TO THE BASKET HEIGHT. ONE BASKET CELL

PANEL IN CELL #8G HAS A HEIGHT OF 175 SWr WHICH WILL HAVE A NEGLIGIBLE IMPACT ON THE DESIGN
BASIS ANALYSES (SMDR-1021-.744),,

N. METAMIC TORE 8.S" ONM THK. U 4.7WIDE MIS. X 155718" MIN. 1156" BUM.) LG. FOR MBPE-H
THE MINIMUM UETAMIC D10 LOADING IS .0I3O1I0.

2 
WITH A MINIMUM BRC LOASING OF 31.5%

AND MAXIMUM OF 33%. METAMIC 0 NOT REBAIRED TONE PASSIATED. SHEATHING .075* (NOB.) THE.

H O L T E C MPC-68/68F/68FF
INTERNATIONAL FUELBASKET

3928NIRf
1021 3S23 3928 1 1 jfj

7 2I N I
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61 62 I,631 , 64 . 606 O ...6 .......

1. DELETED.

2. MPCE68FF IS NOT CERTIFIED FOR TRAN•SPORTAT1ON UNDER lDCFR71. 270"

3. MPOR,8 SERIAL #1021-W5 INCLUDES A ONE-TIME DEVIATION TO THE 0.ARt.S CELL
- OPENING AND 8.053±.06 INSIDE CELL DIMENSION WITH BORAL ON THE WALL FOR CELL

NUMBERS 6R AND 64. THE CELL OPENING IS OVERSIZED BY A MAXIMUM OF 5W ALONG
APPROXIMATELY 3 FEET OF THE CELL HEIGHT. AN EVALUATION HAS DETERMINED THAT
THIS CONDITION HAS A NEGLIGIBLE IMPACT ON THE DESIGN BASIS ISMDR-1021-73). * N/A

8 7 !6 5 4 3
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25"

ANGLE BASKET-
SUPPORT a 1- TYP.

(ALLOY X)

* . V5T2 -8A

SHIM ASSEMBLY /3 I. TYP.
(ALLOY X)

DETAIL C ý2 V

(OPTIONAL DE IGN)

INA 1/ (NOM.)

ANGLE BAS'KET SUPPORT

D

A/ A-A VT

e 
S32 

14 
TYP.

SHIM ASSEMBLY (A)
(IALLOY U)

DETAIL B
(TYP. OF 4)

(OPTIONAL DESIGN)

R.75 (OUTSIDE) j

C I C

Bl IlB

270

cROSS SECTIONAL VIEW OF MPC-68
BASKET SUPPORT STRUCTURE

(OPTIONAL CONSTRUCTION)
(SEE NOTE 4, THIS SHEET)DETAIL D

(TYP. OF 8)
SEE ALSO DETAIL D
(OPTIONAL DESIGN)

AlI

VT 1. 1.8

T P 4 SHIM ASS EMBLY (B)

•TYPT
6/532 1-, VT

DETAIL D(TYP.I
(OPTIONAL DESIGN)

CROSS SECTIONAL VIEW OF MPC-68
BASKET SUPPORT STRUCTURE

(STANDARD CONSTRUCTION)

W RUM. I- (NOM.)I"

L-i •- ___.__..___

AS REOOp. ý' MIN. SHIM ASSEMBLY (A)
5...RUM OR 6 •- 1.-- B (R.OM.)

NOTES:

1. THE MPC BASKET SUPPORTS ARE WELDED TO THE
INSIDE SURFACE OF THE MPC SHELL. THEY MAY INCLUDE
ADJUSTABLE SHIMS TO ENSURE THE NECESSARY CLEARANCE
BETWEEN THE BASKET TOUCH POINTS AND THE BASKET SUPPORTS.

2. THICKNESS OF SHIMS MAY BE MADE UP OF MORE THAN ONE PIECE
WELD SIZE SHALL BE AS DEFINED OR THICKNESS OF BASE METAL,
WHICHEVER IS LESS.

3. MPC-68FF IS NOT CERTIFIED FOR TRANSPORTATION UNDER IOCFR71.

4. BASKET SUPPORT-TO-BASKET SUPPORT DIMENSIONS ARE COMMON
TO STANDARD AND OPTIONAL CONSTRUCTION.

A
VTP.\
VT 111R A-A

(OR GROOVE)

DETAIL SHIM-TO-SHIM OR SUPPORT-TO-SUPPORT
WELD (SEE NOTE 2, THIS SHEET)

1021
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L SEE SHEET 6 FORTHERMOCOUPLE MOUNTING OVERPACK--/ HI-S TORM ASSEMBLY

I, INCORPORATED E.cII: 1024 - 44 3 1NCORPORA

INCORPORATED EC O N 1EC.O.# 1024-7 S.L.v C. 8/7/03 83932N /IA
V, SUMMARY OF CHANGES/ PREP. APPROVALI 12 INCORPORATED E.C.O.#; 1024-61T.F.O.1 9/18/0 69340 I IIE- . ISA. S/5

R, AFFECTED ECO s _HANBy: DATE: iiR# HE1LTEC[.

R E V I S I O N S • .N E R AT.A L__ __/_ I 1 '
INTERNATICNWL- C&LTMR M N/A 79)~

A
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7I

(SEE DWG.
1561 SHT. 1)

4 3 1

(SEE DWG, 6)
1561 SHI. 6) K

AIR OUT

* 0126±3/16

0103 BC, (REF,)

86 ±1/4 (AVG.)
69 ±1/4 (AVG,)

- 64 ±1/4. (AVG,) A

- 56 ±1/4' B.C.
PRATI • I TAPPED HOLE FOR LID LIFTING LUG 4.2, T.P.PLATE

OPTIONAL 1T4HER OLE . .F • TOP PLATE\ ,!FOR THERMOCOUPLE M 156 S lf -f. 2 26 1,

RV SUM AR 1F CHARGES! PREP. APPROVAL VIRLREV, AFFECTED CH s B T SATE,

12 INCORPORATED ECD 1024-44 T.0.. 2/RI02 613/ 7

13 INCORPORATED NRECO 1024-47 SC I 2/27/021 7443e
IT ADDED SECTION K, L, MA N .C

1
REVISIONS

L

\
14 PORATED ECD 1024-47,REV. 1

S.LC 3/11/02 5842,

15 INCORPORATED ECO 1024-50, S., C 5/7/02 7243(

RAT
16 IINCORPOIRATES EEO 1024-55, S.L.C 6/50 36:ff""7 I OPTIONAL I/A H ABLE . . ~f bORN. '8' 27 -

Y /
ST

B

C

K

NOTPB2KE 21

~LO l L OI R FII T
RI SEE MR] I/ 17 E

O PTE AX PA0I E a
(VT PER NIT[ 2)

LD I[AXL

ASRV , (R:4' BDUK~E V)
VT PDR AID z

RADIAL
SHIELD

OVERPACK
OUTER SHELL

(SEE DWG. G 2
1561 SHT.'6) L

SEE NKIE 17IT PTR NOTE a

- AIR IN

/

-+3/16 # N 4

47U 1

-. • 70'±1/4' 0
• • 2 • (SEE MW..

U . N . 1561 SHT. 6)
HEAT SHIELD I

44

44 -. - "

,~ ~ -• • (5 . •PEDESTAL
" •U.4• ,,• • PLUGS

69

ý/ 0. ...

26 ± 3/ 16 "/ • 16 LIP, 4'

, • @ . (REF.>.)
VT PERKEI2.
HET FICT Il

LID SHIELO~ v

SHIELD BLOCK RINS 65

4 \

OVERPACKT
INNER SHELL

+

73 1/2 I.D.

+1/4,-1/8 (AVG.)
VT PER 111[1 1,•/1

-B•K THIAD IF l I TI PLATE
(4 Al 90 APAT)

PT PER FLID. E/

60 ±1/4' B.C_.

44 4

56SHEHR RINS

3 7/8 IREF.I)

1__-I/4' DIA. THRD. HOLE (112'

INLET EUIT SCENS y 1495 SHT. 3
ITEEPf 16I LSCREENS, O
NOTES:

1) ALL LINEAR DIMENSIONS ARE IN INCHES
2) ALL WELDS REQUIRE VISUAL EXAMINATION PER ASME SECTION V,

ARTICLE 9, ACCEPTANCE CRITERIA PER ASME SECTION II1,
SUBSECTION NF, ARTICLE N1-5360.

3) EXCEPT WHERE STATED OTHERWISE, TOLERANCES ON FINISHED
DIMENSIONS ARE ± 1/4'.

4) ALL CXPOSED SURFACES OF THE OVERPACK SHALL BE PAINTED WITH
THERHALINE 450 OR EQUIVALENT. THREADED HOLES SHALL TOT BE PAINETD

5) SCRIAL NUMBERS ARE TO BE PLACED ON ALL LOOSE COMPONENTS
TO PROVIDE TRACEABILITY.

6) THE CENTER-TO-CENTER UIMENSION BETWEEN ADJACENT
ANCHOR BLOCKS IS 72 7/9'UI/2'.

7) DELETED
8) STEEL USED IN FABRICATION SHALL MEET THE REQUIREMENTS OF

ASME SECTION It A,
9) WELDING PROCEDURES AND WELDER QUALIFICATIONS SHALL BE PER

ASME SECTION IX AND ASME SECTION III, SUBSECTION NF.
1) ALL ANGLES ARE FUR REFERENCE ONLY, UNLESS OTHERWISE STATED.

(1 1) it EXCEPT WHERE NOTED OTHERWISE, LONGITUDINAL WELDS ON
CYLINDERS SHALL HAVE SAME WELD REQUIREMENTS AS
CIRCUMFERENTIAL WELDS,

10) WELDS IDENTIFIED WITH AN x ARE CONSIDERED NON-NF WELDS.
WELDS MAY BE MADE USING PREQUALIFIED WELDS IN ACCORDANCE
WITH AWS PI. OR PER ASME SECTION IX.

13) DELETED
14) DELETED.
15) SHIELD SHELL (ITEM 28) DELETED FROM DESIGN IN JUNE 2001.
16) LID BOTTOM PLATE AND LID SHELL (ITEMS B B 7) REDESIGNET, TOP

PLATE (ITEM 56) ADDED TO UNDERSIDE OF LID TOP PLATE (ITEM 10B)
IN JANUARY 2002.

17) IDENTIFIED WELDS ARE NOT REQUIRED PROVIDED THE
OPTIONAL CONSTRUCTION DETAILED ON DRAWING 1561
SHEET 6 1S IMPLEMENTED AT IHE SUBJECT WELD LOCATION

18) TOP LID, ITEMS IDA AND IUB MAY BE FABRICATED FROM
MORE THAN ONE PIECE. PIECES SHALL BE ATTACHED BY
1/4' PARTIAL PENERATI14 DOUBLE BEVEL GROOVE WELD.
WELD SEAMS MUST BE OUTSIDE 109' DIA. AND WELDS

SEE DEG, ON IDA AND lOB SHALL NOT COINCIDE.

U

C

B

W

:~ U~

B

lý,(AVG.)

PSHELL T4

1495 SHT.5 1 INCOoRPORATED ECD 104-77 S SLC 8/7/03 46764
427 INCORPORATED ECO 1024-59 & A1 TF.. 1 9/18/02 86N

.RE V..SUMMAKY U CHANUES/ REP. A IAM

1/4' DIA. THRD. HOLE/DEEP, 8 1LOCATIONS) FOR I I I
"' / INLET VENT SCREENS. Y ] SC .. 1

"/I < . INTERNATONAL CONSULTING

ITBRNOTE 2

D CROSS SEC TION TZ -T
I8(REF7) 14 95 SW. VIEW OE HI-S TUR

3/0 ...-EX-EPT FT . A N/A
-/B T'LET [IFATOIN 19) FABRICATOR MAY ADD ADDITIONAL WELDSERN4o OADrc

VP PER NOTE 2. WITH THE APPROVAL OF HOLTEC , B/R ISPOINTERNATI[]NAL. ADDITIONAL TACK WýL~~•• •c••~ • •- •~
DO NOT NEED THE APPROVAL OF HOLTE N t06U
• .INTRNAT~nAI " NIA/- (E-711 2901) I o 6

A
\ \ \ \ \ \ \ \ \ \ \%\

i ,I_

MON

L

OVERPACK * PEDESTAL 2
BASPEAE I U U (SEC MW. SHIELDOVRMC 1561 SAT. 6) -

VI BR NiE L N1/A

. R GMVE).
- 132 112 O0.. (±1/4 AVG.)
U*lqT 71U DAPEPI ATT (PP.0)

0133 7/8 BASEPLATE (REF
TNTF ATTnMAI .

7 4 13 jC.\9RAWINGS\I024NI495RI8

7 6
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E

D

c

B

(Typ) SHEAR RING 5 112' (REEvS
4 (( (4) 0 1' THRU HOLES v-

TYP( (TYP) IN EACH EXIT VENT REV DESCRIPO. DATE CHEEDE P A.

0132 O.D E.,) SEE CUT-OUT 5 25" ±3/16 (TYP,) HORIZONTAL PLATE A INCORPORAT.. ECO 004- _SE D1. RUo0.0.7(E)DETAIL 9 INCORPORATEDEC ID4-DT.. . K.L fl GU. IR#

R003 REC. 0.00-/10-81- 0: 0-11-01 10-il-al 334652

00 0
1  

/43 T PLATE REV. SUMMARY OF CHANGES/ PREP. APPROVAL

o( -a _u( P , AE AFFECTED ECS DY. DATE, SPACED
073.5 LD L ROSA106 (4 PClSACD 9a INCORPORATED EC0 1024-44 T.F.O. 2/6/02 39781

5(TYPO ry•o 11 INCORPORATED ECO 1024-47 S.L.C 2/27/02 30763_~IC _ORTE __ -_ 1024E>Q,
12 AREV I S.L.C 3/11/02 63036

(Tp REV.R3 1/2"
5REAK-THRU

6' REF. _ VN PE"ife 2.. 22I 4/0/,.,(T •;.-) O]N SHEET 2 .z A• • 7' 47, L-. ...

ITEM 9 & 56 PLATE LAYOUT (14
,. _2 1/2'

103 B.,_'\

(TYP.) 341
/4 ,\CUT-DUT DETAILVT P R N TE 2 ý (FU ULL IT E M 5 6 DO L T

O]NSHEE 2 ' \' 'i',\ PENETRATION) CUT-OUT

R54.5 ID. (OR DUBLE V) R54 DO. D.

E (REF) AS REQUIREI) (RE•)

OUTER SHELL . VT PER NBTE 2. -THREADED HOLE FOR
OLN SHEET 2 SECURING EXIT VENT

INNER, R66 [ SCREEN, (TYP)

SHELL R3R R E (REF) \ P EEHR51.5 B.CE3#E •[] i•! •(REF)

[ . •.. / •(REF)o

1800 22LID SHIELD mmm0......

'FOR WELD PREP, BETWEEN -is" ...
ITEM 56 & ITEM 10B INTERNATIONAL C0mM'TMIU
1UNDERSIDE. ON VENT SIDES,
SEE SHT. 1561 SHT. 4 SECTION 'Y' - 'Y'

OF HI-STORM

N•A

ORElO HE OTE Z 0561, BR 1575

~0E8 [12 A o VT PE TETEa 1) SEE NOTES ON DWG. 1495 SHT. 2.24 9T' 1495 112
SE/A. IIHEET9 NI. 3 /6]

7 1 6 .1. 4 .I1 3 p I1 AM MH
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7 I 5 I 4 3 I2p
OLA~E1URA

IE

B

15.'±- 3 / 16, REVISION
SUMMARY OF CHANGES/ PREP. APPROVAL VIR

P.) RE. BY- DATE,

1. INCORPORATED E.C.O.#, 1024-47 DL.C 2/27/02 83R?

OVERPACK T 13' 9 12 INCORPORATED E.C.O.#, 1024-47 . LOt 3/11/02 351BASEPLATE\ . •" . -=_l REV SLC 3/10 35.

13 INCORPORATED E.C.O.R 1024-63. s...C lE/201 93.
3/8 ~~~~~REV. 0 SLC 1/00 9

" T D "P TION AL) .
(STANDARD) SEE DETAIL D . DRILL & TAP

SEE NOTE 3 /I2-I3UNC THRU 2l(y,• 3/16 2 4 o PLACES

ý(Y) 3/16 0 o64

WELD ITEM 14 .4 , . 2 • ,

O,\ oITEM• 1 0 4 -4
, N SHEET 2 .

".•T PER NOTE 2. .. 4 Ii

R 0 . (4) SHIMS LOCATED ITEM 57

DVERPCI( >90 APART Io 1/4DUTCH SHELL.• A\0 /oV PER NOTE JJ'\L ,

"E. VT PER NOTE 2; D.

"'--4. E/) \ /~ VRPC A /
OUTENNE SHELL 531/

21 2'±1/1 19D'/-

141ADE HIDE FDEO[RAE

O SHVT P EE STAL SEC OUR I I IURING INLET OVENT

3 ETEET • SCREEN, (TYP)
o o ." LOATIONS '/ " "-•./• o

04•\/ AS REQIRED) R3.87±/ (AVG,) 0"

•. VT PER NOTE 2. "0 0'\ /"0".°
# #ON SHT, 2. %0 'l 0'• /"0oý

SEE NOTE 17 S SE 3D

~ON SHEET 2 E

ON HET 2o /0 45O(REF,) "/" ""OVERPACK,
. °i/ / "\, ./" /"/'"INNER SHELL \ .,RF)

180 0- 21- (RF) /2-±1/4- 0°
wR E F ,)..) ( 4 ) 0 1 2 ' H O L E S L O C A T E D •l

38PEDESTAL{"" 90" APART

VT PER NOTE 2. SHELL ".19 112 X 15 CUT II I . . ..
ONSET2• ' PEDESTAL 21 OUT IN ITEM IlE E

S E E N O T E 1 7 1 4H I L H [ I _ T F -C. ..
ON SHEET 2 NTF"""• ,NTMTFPNATIDN- CONSUTNG

512

B

31

A.

C
C

B B

A

64

(TYP.) THISNSHEET
3/8 T SHEET-o-(

A DETAIL D
\(OPTIONAL)

"1 SEE NOTES ON DVG. 1495 SHT. 2.
2) OPTIONALLY, GROUNDING STRAPS MAY BE DIRECTLY
I W (ELDED TO THE HI-STORM OUTER SHELL USING A

A WJELDING PROCEDURE APPROVED BY HOLTEC,
3) WHEN USING THE OPTIONAL RADIAL WELD PLATE (ITEM 64),

THE RADIAL PLATE PLATE (ITEM 14) LENGTH MAY BE SHORTERNED.
THE DVERLAP BETWEEN THE RADIAL PLATE AND THE RADIAL WELD
PLATE SHALL NOT BE LESS THAN 1 1/2'.

SECTION 7X' - X"
OF HI-STORM

N/A
1561, R/tN 1575

/~1028-9495 Io
- '- /A II28U34 A441 A

7 F I. h 4 >1 -
b I ýD

HI-STORM 100 FSAR R-vWon 6; February 7, 200D



ULIAIL "" MENOTES:
. ..___l 1) SEE NOTES ON DWG. 1495 SHT. 2.

2) AS NECESSARY, SHIM EACH CHANNEL, ITEM 19,
AS DEPICTED IN DETAIL T, SHIM THICKNESS
TO BE AS REQUIRED TO MEET 69.5
DIMENSION. FILLET WELD SIZE TO BE
EQUIVALENT TO SHIM THICKNESS OR

CHAE 19 1/8', WHICHEVER IS LESS AS NECESSARY,
3) THIS WELD REQUIRED IF ITEM 2 LONGITUDINAL

WELD IS LOCATED OVER A RADIAL PLATE,
4) CHAMFER CORNERS OF ITEM 14 AND 28

AS NECESSARY.
5) SHIELD SHELL (ITEM 28) DELETED FROM

DESIGN IN JUNE 2001.

o 0\ o o O

° 69" 12" R-F° o
o o i(69' MIN., II0\14" MAX.)

CENTER OrFITEM 19 R E- RF, .-
SEE NOTE 2).

OVERPACK VT PER NOTE 2.
INNER SHELL AN (SHE 2)
OUTER SHE E I

S I14 RADIAL PLATE DETAIL T

EATI.N I / __o_____III I EQUPMENT___I_
2.(S2) AST 2) 0 o i EQUIPMENT DESIGN

HI-STORM 10 FSAR Revision 5: P5Fwb. 7,2008



1/8C0P22~ E.C.0.*. 1024-68 T.Ff.0 1 51

VT PER NOTE 2
ON DWG 1495 SHT 2 NOTES:

1) SEE NOTES ON DWG. 1495 SHT, 2,

ON DFG 1425 SHIELD BLOCK

45A RE-UI DS REQUIR/-" - > 45 • \VT PER N[

/ .O OUL BVLON ~ 2 OWG 1494ST5
07 ALE• ••±H1/IE L WLLDK

' (REF) FO /FR THERMOCOUPLE 2 HEDBOK1

012'. -/1. 6•2 SHIELD BLOCK SHELL-S C IO -

' ]1(OR DOUBLE BEVEL)

, --. _ ._ .VT PER NOTE 2 .
• J / ,ON DWG 1495 SHT 2

L ID ---/ PLUGS P7 \W<R PHF 11 BIO[K SkFIf I

(4) TAPPED HOLES FOR LID---
LIFTING LUG @ 90' APART
FOR TOP SECTION OF TOP LID (lOA).
I 1/2-6UNC X 1 1/2' MIN USEABLE THRD
LENGTH (1 3/4' MAX. DEPTH)

HI-STORM 100 FSAR Revis4on 6: F.brvfry 7,2008



7 I 64 3 2
REVISIONS

PI 0,.I

3-16-00 3-16-0S

E 10-11-0 ]1387 v

0PPRDVAL VIR#

2/6/02 96812

2/27/02 16565-

3/11/02 I79208F--

6/25/02 40118

9/18/02 74049

8/7/03 191232

B D

C

B P
NOTESj

1) SEE NOTES ON IJWG. 1495 S -IT. 2.

HEILTEC ANAL SIS
IS INrENATTEN A_ CNL.TLIG

DETAIL 'B'
KI. 2 OF F HI-STORM

N/A

¶:2l 5 8/. 0575DETAIL A
OPTIONAL ASSEMBLY

•.1 -0•
.1/4 (ITEM 9)

I ýWVT PER NUTE ,2H.
ON DVG 1495 SHI 2 DETAIL B A-

7 k I % I ?1A4 3~ IIf G.\WAWINGSNVAI56l-2Rl5

H8-STORM 008 FSAR R.v-00 6; F.bru.. 7. 2008



2

4 1/2"±1/4

GAMMA SHIELDING CROSS PLATE DETAIL

VT PER NOTE 2.
ON DW/G 1495 SHT 2

NOTES:
I) SEE NOTES ON DWG, 1495 SHT. 2.

-R 66 1/4' (REF.)

(TYPICAL FOR
VT PER NOTE 2.
ON DVf 1495 SHT 2

HI-STORM 100 FSAR Revtisn 6; Fovruyq 7,2008



- R36 3/4' (REF.) VT PER NOTE 2.
ON DWG 1495 SHT
(TYPICAL FOR ALL

-- ¢ V" THRU HOLE
-TYP (.4) .. (LOOKING AT UNDERSIDE OF ITEM IAB)

NOTES:
1) SEE NOTES ON DWG. 1495 SHT. 2,

H0-STORM -00 FSAR Rvfltý, 6; Flbru./ 7.2008



B 7 6 -U- 3 2
8 7 6 -JL 3 2 1CLIENTCLIENT GENERAL LICENSING DRAWING PACKAGE COVER SHEET

PROJECT NO. 1024 P.O. NO. N/A

DRAWING 369 TOTAL 1
PACKAGE I.D. SHEETS

LICENSING DRAWING PACKAGE CONTENTS:

D
REVISION LOG

SHEET DESCRIPTION

AFFECTED PREP. APPR1
REV AFFECTED DRAWING ECTOs BY PROALE VIR#

10 SHEETS 2.4,5, & 6 1024"108. Eo so,.ar oD,=m 30563

11 SHEETS 2,4,5, , .&6 24-18. R & OW 44 SLC o,',6 22605

12 SHEETS2.,5. &.6 102&12- .Ro 5.6 , R4'2.6 .. 11220

1 13 SHEET 6 124122, RD" 0. B 05540 1 36052

.14 SHEETS 102ý124,10 RJB 17/0 1 16513

15 SHEET 2 1024-12, R0 MAP 081 1 32414

.16 SHEETS 2,4.5,7,,,H 8o24-IS?. 1. BuSr " .o0 o1107 31340

THE," VAUIDATION EEIDELFATIDN RECORDO (VIE)R) NI1.IBER IS A CO.MRM GREERATED RANDOXM NMBERS WHICH
CONFIRMS THAT ALL APPROPRIATE REVIEWS EF TInUS DRAWING ARE DOMUMENTED IN COMfPANV"S NETWORK.

C

4-
SF

NOTES:

1. THE EQUIPMENT DOCUMENTED IN THIS DRAWING PACKAGE HAS BEEN
* CONFIRMED BY HOLTEC INTERNATIONAL TO COMPLY WITH THE SAFETY
ANALYSES DESCRIBED IN THE HI-STORM FSAR.

2. DIMENSIONAL TOLERANCES ON THIS DRAWING ARE PROVIDED SOLELY
FOR LICENSING PURPOSES TO DEFINE REASONABLE UMITS ON THE
NOMINAL DIMENSIONS USED IN LICENSING WORK. HARDWARE IS FABRICATED
IN ACCORDANCE WITH THE DESIGN DRAWINGS. WHICH HAVE MORE RESTRICTIVE
TOLERANCES, TO ENSURE COMPONENT FIT-UP. DO NOT USE WORST-CASE
TOLERANCE STACK-UP FROM THIS DRAWING TO DETERMINE COMPONENT FIT-UP.

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

4. APPLICABLE CODES AND STANDARDS ARE DELINEATED IN SECTION 2.2.4 OF THE FSAR.

5. ALL WELDS REQUIRE VISUAL EXAMINATION. ADDITIONAL NDE INSPECTIONS
ARE NOTED ON THE DRAWING IF REQUIRED. NDE TECHNIQUES AND ACCEPTANCE CRITERIA
ARE PROVIDED IN TABLE 9.1.4 OF THE FSAR.

6. UNLESS OTHEWISE NOTED, FULL PENETRATION WELDS MAY BE MADE FROM EITHER
SIDE OF A COMPONENT.

7. THIS COMPONENT IS IMPORTANT-TO-SAFE'Y, CATEGORY A, BASED ON THE HIGHEST
CLASSIFICATION OF ANY SUBCOMPONENT. SUBCOMPONENT CLASSIFICATIONS ARE
PROVIDED ON THE DESIGN DRAWING.

8. ALL WELD SIZES ARE MINIMUMS EXCEPT AS ALLOW BY APPUCABLE CODES AS
CLARIFIED IN THE FEAR. FABRICATORS MAY ADD WELDS WITH HOLTEC APPROVAL.

HI-STORM 100S
ISOMETRIC VIEW

B

A

MENEM GENERAL
HOLTEC
INTE TIONAL HI-STORM lOOSmc ASSEMBLY

1024 3669 1-1 1 l
-------1-- - - ---- --- -- - ---.-- -- ----------- ISIP~I

8 7 5 4 3 2 I HI-TORM 1O0FSAR Rvion 6; Febury 7. 2008
8 7 6 5 4 3 2 HI-STORM 100 FSAR R.AA6n 5; F.S,.,.,y 72008



D

OUTLET A R DUCT
GAMMA SHIELD

C • i - " 27 1I2"THK, OGNCRETE SHIEL

~($A 240 304)
- Il THK. CHANNEL UTlS (Pyp.

i• '(006 OR EQUIV.)

W14' THE. OUTER SHELL I(D REU..
(SA 516 GR. 7O)
(SEE NOTE 1)

X34 THR RADIAL PLATE (TIP.)(SA 516 DR. 70) -

5" THK PEDESTAL~PLATFORM
(AMA OR EQUIV.)

B B

SI4 THR. PEDESTAL SHELL
(S5 56 OR. 7D)

• " " • 11 Iý2 HIGH PEDESTAL

CONCRETE SHIELD
7TH BASEPLATE . F1 THIR PEDESTAL

ISA 51 GR. 7M) BASEPLATE
- (OA 516 DR. 70 OR SA 515 OR. 70)

ZINLET AIR DUCTSCREEN (10 GA)3JýTHK VERTICAL

SRN GA VENT PLATE 2" THAI HORIZONTAL VENT PLATE
ZME ARDUT($AS5ISGR. 

70) - (SA 516 OR. 70)

GAMMA SHIELDO

NOTES:

1) INNER AND OUTER SHELL THICKNESSES MAY BOTH BE CHANGED TO I-NCH THICK
IA UEU OF 1 1/ AND 3/4" RESPECTIVELY. IF EITHER THE INNER OR OUTER SHELL .rTHKOVERPACK
THICKNESS IS CHANGED TO I-INCH, THEN BOTH SHALL BE I-INCH THICK " TOP PLATE

CORRESPONDINGLY. THE OUTER SHELL INNER DIAMETER VILL CHANGE FROM (SA 516 DR. 70)
A 131"T0 S 1l01t. .A

ADI)THE LDOW RADIAL PLATE CAN BE CHANGED FROM A SINGLE PIECE TO A TWO-PIECE
/! CONFIGURATION SUCH THAT ONE PIECE IS LOCATED NEAR THE TOP OVERPACK MAD. 34" TRK SHEAR RING

THE OTHER NEAR THE BOTTOM. THE TOP EDGE OF THE TOP RADIAL PLATE AND THE RIN56 G - • GENERAL

BOTTOM EDGE OF THE BOTTOM RADIAL PLATE SHALL BE LOCATED IN THE SAME LOCATION 
M 

SA5ER. TO)

AN THE TOP ANS BOTTOM EDGES OP TUE SINGLE PIECE RADIL PLATE. THE THICKNESS OF

........ .................. ............. THE. TOP EDG OF 
LH 

TO RAIA PLT AN H A16R7)
THE SHORTER RADIAL PLATES SHALL BE I-AS OPPOSED TO 34 FOR THE SINGLE PIECE RADIAL

PLATE ANDTHEIR DIMENSIONS SHALL SE BE 27 1" X 33" FOR THE TOP PLATE AND27T1" LRIOMOL INTERNATIONAL

X " FOR THE BOTTOM PLATE. THE SHORTER RIB PLATES SHALL HAVEA MIN. OF 24" O WELD CONNECTING INNR HEL. T," HI-STORM 100S
THEM TO THE INNER AND OUTER SHELLS AND TO THE VENT PLATE. . . HORS.ASSEMBLY.... o=• ,• • L•:=.c,•,,•ASSEMBLY

3) MULTIPLE HOLES MAY BE DRILLED AND TAPPED INTO THE HISTORM BODY I UD FOR THE PURPOSE OF DETAIL B T

ATTACHING.TEMPERATURE MONITORING EQUIPMENT. ROLES SHALL BE DIW" DIAMETER (M...) I ) DEPTH. SCALE 1:10 1022 3669 2 16
AFTER INSTALLATION OF THE TEMPERATURE MONITORING EQUIPMENT ALL HOLES SHALL BE PLU

8 5 4 3 2 HI-STOR M 1W0 FSAR Revilion 6: Feb,,ry 7, 20N8



B 7 6 5
8 5

0

W86" (REF.) LID SHIELD1c

AI A .A ,
ii ri I i II

C

89

B

F I1

SECTION CC
0 132 hr (REF.) 011148R1SHELL

NEESE.
IHOLTEC

INTERNATIONAL

5 4 HI.STOR M I W FSAR F v~ 6, Fe.-u y 7. 2G•

5 4 3 HI-STORM SC ESAR R.si~o, 6, F.b.~.,y 7.2004



D

(REF.)

C

k CHANNEL
MOUNTS

/

I '1'8" 
VTy

| r VT \LiI

3~MENEMP GENERAL

,HOLTEC -- HI'STORM 100S
I NTERNATIONAL OVERPACK BODY ASSEMBLY

5"ALWM%` | SUB-COMPONENT AWpS.

SECTION 0-0



S 3/4"THK

1~~

27 lr

D I

'N-

D
"I

45.0-

SHORT RADIAL PLATE
OoPTIONAL)

C I

G-

or

G - SECTION G-G

C

LARGE ANCHOR BLOCK

10

B

SECTION PCF

SMALL ANCHOR BLOCK
. (OPTIONAL)

Iesign Table I-°: INNER SHEEL INNER SHELL

11fS(3EI 0731
IIOOS(43)1 19 11

IICTHK
1  

_____________

L~
171,

Deig, Tak fI- LONG RADIAL PLATE

o(243) 207 14A

. LONG RADIAL PLATECHANNEL
RADIAL WELD PLATE

(OPTIONAL)

8 7 6 5 .4 3 2 HI-STORM 100 FSAR R.eA.NG: F.bNay7., 2008



8 6 5 .4 3 2

SHEET 2) D

Ic

OR

iTT. 
B

OR

1D..19. Tabl. Wo: UTERSHELL I OUTER SHELL
T 0P. 144

105(232)2734

INTERNATIONAL OVERPACK BODY ASSEMBLY

..... •=. -TM LCN c SUB-COMPONE=NTIA102 40 3669 16

--N/A -. . . .. . - - - lI -'• =. ,

rETA L J
SCALE 1:4

v • . 3 2 HWSORM I W FSAR RevWLo 6: Ftbir" 7. 2M0

A (VOUOFAA8FR~r720



D D

ORa4 1 C TK .. .

• '. " . . 67WJ4'±1/4 XlVTHK.

PEDESTAL PLATFORM
(EACH)

C c

1/4' (REF.)

DETAIL M OR GROOVE
PEDESTAL PLATFORM SCALE R O V

067 7)r1Zfl-.RED. X IW*THK,
IR. .EHOA PEDESTAL SHELL

B RBW W 0 D. (REFJ

PI•L CONCRETE
I I 1/? (REF.)

PEDESTAL RIASEPLATE SCINK

012" IPLCS )FOUR ONAC4rEN NOM. CIRCLE

....24 .... 01.. 3669 7 ? 16"
NAA ...... . ... ... .. .. . . .N NONE -

B ASSEMB4Y EXLOE VI 11ECH-STORMl10PARoos :Pscy.00

8 7 6 5 4 3 2 HI-TORM I W0 FSAR R.Ai.. 6; Februsr 7. 2001



LID WELDMENT

D I D

c I c

B B

BOMETRIC
__ Eu...l

HOLTEC
• • INTERNATIONAL

7 6' .5 4 3 83i-STORM W00 FSAR R.,vi
4

. 6; F-bruary 7.2006



8 7 6 5 ii 4 3 2 I
8 7 6 5 -U- 4 3 2

D

/ ACROSS FLATS

-3 14-4UNC THR

INT BEARING SURFACELID NUT

D

c

.0

C

4.

BaO
3 I4-4ANC X T LG. THRD.!

3 1/-4CNC X r LAG. inS.-

03 W
(NOGM.)B

LIU D UUD

A A

= I mminmmion,,~ -~ GENERAL

HOLTEC HI-STORM100S
. INTERNATIONAL ID STUDANDNUT

.. CHCHSHR | SUB-COMPONENTS

1024
------------------------------------------------------------------------------------------I 3669 ~' ~

. .. . .7. . . . . . . . .5.... 3 I SO FSAR Ri; fl 6; F.bwa 7........ .

8 7 6 5 4 3 1 HI-TORMIWCOFSAR Rl,4on6; Februry7. 20S



OULET AIR DUCT SCREEN iNL

C

B

ET AIR DUCT SCREEN

inmmn
GENERAL

HOLTEC HI-STORM 100S~INTERNATIONALM.I.--ERN A VENT SCREEN ASSEMBLIES
114LTM I"•"' m SUB-COMPONENTS F & G

1024 23669 1 6
-N/A--- -- NN -

2 .0U 0FAR 6 .n.700



NOTE:

FOR OPTIONAL OUTLET VENT GAMMA SHIELD CROSS
PLATES, SEE SHEET 12.

MANDATORY OUTLET AIR DUCT GAMMA SHIELD CROSS PLATES

-24"

(STAfNLESS STEEL)

".1

NOTE:

FOR OPTIONAL INLET VENT GAMMA SHIELD CROSS
PLATES. SEE SHEET 12.

-(STAINLESS STEEL)

171/4" -

MANDATORY INLET AIR DUCT GAMMA SHIELD CROSS PLATES
(STAINLESS STEEL)

- fiSlI GENERAL

I HOLTEC HI-STORM 100S
I.NTERNATIONAL GAMMA SHIELDING ASSEMBLY

-T. .I. 'SUB-COMPONENTS H & I

1ý- 3669

HI-STORM IM FSAR RsvJon 6: 1



OPT I IUNAL UU I LT I AIR UUT I GAMMA ZMIINLU Umbp rL^ I mK
(STAINLESS STEEL)

" 14 W (REF.)

(IleFE .) - H
21

17 1r4

"I v-1

I.- jNIEF=,)

C"IGTICSNAI INI I:T AIP-n (I•trT (TARANA GWII:I f'l TCR(")K P1 ATP:
QPTIQWAI INI PT AR DUCT GAMMA SHIELD CROSS P? ATF:.-,

(STAINLESS STEEL)
GENERAL

HOLTE C HI-STORM 100S
I INTERNATIONAL OPTIONAL GAMMA SHIELDING

..... 1 ,SUB-COM PONENTS J & K
1024 -- 

366
1024 1 3669



E

. 7 5 3 B I

B

u?

1o

0 2d

-¾>

C3 _j C)
< T

4 QN
Lr+1C

(SEE SHT. 7)

TOPLID

REVISIONS

REV SUMMARY Of CHANGES/AFFECTED ECDs PREP BY: APPROVAL DATE VfRM'
INCO]RPDRATED 1C0E :1025-35 TFT,. 11/30/01 61197

C'T

1--

1"B
a
z

In

N

E

-094,625±25
WATER JACKET END PLATE DIA.

.027 ±-1/8
MPC ACCESS

L90

E2.000 TYP, POCKET
TRUNION OFFSET

081.25±.25
TOP FLANGE DIA.

P

HI-TRAC
BODYC-.,

c
c

0

B

U) N

POOL LID 7
LU (SEE SHT. 5)

Ino•:

1 8 0 .
PLAN VIEW •

NOTES,
I) SERIAL NUMBERS ARE TO BE PLACED ON ALL LOOSE COMPONENTS ASSEMBLED IN THE FIELD OR

COMPONENTS WHICH MAY BE REMOVED TO PROVIDE TRACEABILITY,
2) DELETED .

3) ALL WELDS REQUIRE VISUAL EXAMINATION (VT).
4). EXCEPT WHERE STATED OTHERWISE, TOLERANCE ON FINISHED DIMENSIONS ±1/4,
5) .ALL, LINEAR DIMENSIONS ARE IN INCHES.
6) NONDESTRUCTIVE EXAMINATIONS. AS FOLLOWS:

a) LIQUID PENETRANT PER ASME SECTION V, ARTICLE 6, ACCEPTANCE CRITERIA PER ASME
SECTION III, SUBSECTION NF, ARTICLE NF-5350,

b) VISUAL EXAMINATION PER ASME SECTION V, ARTICLE 9. ACCEPTANCE CRITERIA PER ASME
SECTION 1i1; SUBSECTION NF, ARTICLE NF-5360.

d) MAGNETIC PARTICLE PER ASME SECTION V, ARTICLE 7 ACCEPTANCE CRITERIA PER ASME
.SECTION IlILSECTION NF,.ARTICLE NF-5340,

-7) DELETED
8) FABRICATOR TO MAKE FINAL DETERMINATION OF THE LOCATION AND TOTAL NUMBER OF

CIRCUMFERENTIAL AND LONGITUDINAL WELDS REQUIRED.
9) DELETED

10) THE EXTERNAL SURFACE OF THE CASK SHALL BE PAINTED WITH CARBOLINE 8190 THE INSIDE
SURFACES OF THE CASK (EXCLUDING SEALING AREAS) TO BE PAINTED WITH THERMALINE 450
BR EQUIVALENT. THREADED HOLES PLUGS SEALS ETC, SHALL NOT BE PAINTED,

I1) STEEL USED IN FABRICATION SHALL MEET THE REQUIREMENTS OF ASME SECTION IT,
12) WELDING PROCEDURES AND WELDER QUALIFICATIONS SHALL BE PER ASME SECTION IX AND

ASME SECTION III SUBSECTION NFE
13) ALL ANGLES ARE FOR REFERENCE ONLY UNLESS OTHERWISE NOTED.

? n~A~ M H KNES' IN D N R EA F RA NC DM NI

USING PREQUALIFIED WELD PROCEDURES FROM AWS D0.I.

B

'7"

I

mnmmm...
INTERNATIMLNAL CENULTING

XSWMN

125TON 1Hi-TRAC OUTLINE
WITH POOL LID

N/A

,880N/A 304
(SEE SHT. 10) 7j

A

7 I 5 4 3 2 I
G&\DRAVINGS\1I25\TRNSFER\I880-IR8

.... ..... - - HI-STORM 100FSAR R.eImone Febuay7.2008



7 6 5

R['3II

I
A . : . . . . . ..... . . . . .... .... ... . . . .. .. . . . . . L... . sl *REVISIONS ,NOTESE P \4) FABRICATOR MAY ADD ADDITIONAL WELDS PROVIDED APP

1) SEC DWG. 18o SHT. I OF II, /LL-. RECEIVED FROM NOLTEC.
2) DELETED.
3) EXCEPT AS NOTED OTHERWISE, ALL GROOVE WELDS ARE FULL PENETRATION

(45' ANGLE MINIMUM). USE OF BACKING, ROOT OPENING SIZE, AND BACK GOUGINGA (FOR WELDING FROM BOTH SIDES) ARE AT FABRICATOR'S DISCRETION.
PARTIAL PENETRATION WELDS ALSO REQUIRE 45 DEGREE ANGLE MINIMUM.

094,625±.25 WATER JACKET END PLATE OUTSIDE
81.250±25 (AVG,) OUTER SHELL .& LID OUTSIDE

077 (REF) BOLT CIRCLE.

1 .SEE SHT,6 (7

RVAL IS

I REV I SUMMARY OF CHANGESAFFECTED ECns PREP ]Y: APPRIVAL DATE VIRl:

OIC[RPIRAIED ECD 1025-35, 13, 8 t 4 T,.F,. 11/30/0l 79075 V

D B

C-". C

B B

86.250 REF BOTTOM WATER JACKET

HEALLTEC
N RA TIONAL CGNSMT

125TON HI-TRAC BODY
SECTIONED ELEVATION

NIA

E1t I0

7 F1 3 p II I
I•rZ\ G W TN-

G,,\DRA WINGS\1085\ TRNSFER\1880-2RIO

.. .. . . .. . . . . .. - ---- -- -HI-STORM-I00FSARRevision6:FebOru17,.200 -



/ 6 .5 3 2 I

NOTES:
1) SEE DWG. 1880 SHT. I OF 10. a570

AL2) ACTUAL LOCATION OF RADIAL RIBS AND
ENCLOSURE SHELL PANELS AROUND THEI
CIRCUMFERENCE ARE REFERENCE ONLY. 'A' loo

AZ3•) RADIAL RIBS ARE TO BE EVENLY SPACED AT 'A
APPROX. 30, WITH TWO OF THE RIBS BEING *. ,
PLACED OVtR THE POCKET TRUNNIDNS

REVISIONS
I ReV I SUMMARY OF CHANES/AFFECTED [ECs I PREP BY: I APPROVAL RATE: I ViRg:

F

11 D

C

B
- SEC TIE/N "A" - "A"

(T ) AN SCALE: .1875 1

- . rTNaL URFACE PER

B

• - 2 5 - T"

\1320(REF.

VUT PER NUP' 6b AND/B(8) 314'. DIA. DRAIN HOLES IN WA TER, JACKET PE;N 31R

END PLATE ON 83 1/4'11/4 DIA, B.C, @ I -E T -
j79 4D,76T 3La,177 °B2P "261,318 & 357' .. DETAIL -"A"

(REF.)RADIAL RIB DETAILA
A

A
0/m~ 1880

7 6 71 " 5 4 3 I I I



7 / j 4 '34 A 2 I
REVISIONS

REV SUMARY OF CHANGES/AFFECTED ECOs PREP BY: APPROVAL DATEj VIR#:
0 INCORPORATED ECO-1O25-35 & 12 TEO, 11/30/01 68645

L E

D

BOTTOM FLANGEjA

NOTES;
1) SEE MW. 1880 SHT. i UF 10.

HEIL TEC
NTERNATIE]NAL CONSMIN

125TON TRANSFER CASK
DETAIL OF BOTTOM FLANGE

DEW.

200/o

D

B B

A 11800
PLAN VIEW -- LEILIKING UNDER .BUTTDM FLANGE

7 1 5 4 3 I
-\G7\DRAWINGS\1O25\TRNSFER\iBO-4R]O
........... ---- MI-STORM-000 FSAR Revision 6 Feb nry 7, 20o8



/ 1 • 5b 4 3 2 I

E

B

B

VTP L PER VT PE R ' 93 ±1/8' 0.D. REVISIONS
NFTE 6, ,. IR MA INAL SURFACE PER NOT E 6 a. p. 33.375' (REF) REV SUMMARY OF CHANGES/AFFECTED ECDs PREP DY APPROVAL DATE: AlA
SURFACE PER NOTE 6. 50 (ND WELD REQUIRED NEAR ITEM 3D) SEE DETAIL A FINAL E 10 I . ID INCORPORATED ECD 1I025-35, I2, 8, 6 t 4.,Fi. Il/30/l 3

-- A~~~~N TESV: RQIRDNE
1) SEE DWG. 1880. SHT 1 LIF 10,1S ,T .. . '.. .. .. .." .R 2) SPOT FACE AS NECESSARY FOR A FLAT SURFACE.

SEE DETAIL ' 3 c EE DETAIL B 8725 REF

10 PE 1 1/4' 
(36) 1-8 UNC, X I' MIN. USEABLE A .- - 5 8 75 REF-A A.THREAD LENGTH X i?" REF, DP. -75 - R"EF1

VT PERNOTE 6, IPERTAPPED HOLES @110' APART 7
PT FINA SIENIPE PA __ __,__,_--.5'(REF)
NOTE & o OR MT FINN. 5/8

A 7 ~~~~DEEP LIFTING TAPPED HOLES A TOLRDUON c A 9 . .C . 3.5 .8 7!
Z ~EQUALLY SW ED \'~••REFIII IIIIII---36) R EF2.) \ \ --- /\ \\ \•-5RE.--I I

077 (REF,) - " 10 + 0625

\_ y093.75 . A DETAIL

45 5 A0 TA IL -SCAL E T - _ _

.1254,1RED

" 80 (0.179' WALL)

SA 106B C/S SML, PIPE A

0735 1. DT DETAIL LIF ITEM 30A'-(REF.) .87,375' (REF.) GASK ET/ - SCALE: .32 = I

GROOVE 0.3. 10

TOOL RADIUS

T IIIIIIIIII 125TON TRANSFER CASK
225 +1/8 DETAIL OF POOL LID

0i.375'±i/16 , 0..
DETAIL A .' -8~UNC WITH 2' DETAIL T 2 'A . .1880

SCADLE .32 = 1 USEABLE THREAD. SCALE .32 .1'. Io

7 I 5I 4 3 2 ., I 1
/IU•\G.\DRA WINGS \ i025\ TRNSFER\1880-5R10I

- - -- ------ - HF.IU$IOOIAX Rv~san 6Feb.'y7.2008



(24) 1-8 UNC X 2' MIN. USEABLETI-WFAT) FI F;T14 K P IYP' PFF nlP

I REVISIXR
IREV SUT4K8Y 9F CHANGES/AFFECTED EC~s - - -- FPREP BY. APPROVAN DATE: VIRI:

TAPPED HOLE P 15* APART i. INLtUKI•IJ 12AILlULUrWT 3-3&6. l TI'.U. I /tU/UI 3 16 E

7TUP FLANGE *NTSI . NOTES:

1) SEE DWG, 1880 SHT. I OF 10.

LEAD POUR HOLE A
068;750" ID.

077 B.C. (REF.) +.4375 03,0 '•-.0313 A#.RU-ý
•""H E1/4H

873.8125 (REF.) .. VT PER NOTE 6.t.(SHEET 1)

2 * 4.5' 1,75' 10 4.
' I R F,3 75"

0.75"-3/16
_DRIENTATIBN PUNCH
MARK 0' HERE. /-68,75' ID,

+.4375
-.0313

ASECTIUN "A" -"A
(SCALE.25 1)

H D]L T E C ""
I N0TN ERNA TIONA Cl.SUTI..

125TON TRANSFER CASK
DETAIL OF TOP FLANGE

180," 
AJT

'•JC •1880 1v

71 ,5 4 II 34 A I1

5-W •G:\DRAWINGS\1025\ TRNSFER\1889-6R10
HI-STORM 100 FSAR Revision 6, Feb-rua0 7, 2008



/ 6 4 .3 I...
/ 6 I b

.I ý 4 I I
I~ ~ DrUhIMfAM

1V PER NOTE , b, R SUMMARY OF HATNGES/AFFECTED ECOsV- PER NOTE 3 b. RE5 INCORPORATED . CO 1025-35, 20 12,
19 *3/1~~~~~~~'* ~ (SEE NOT E 13 ON SHT 2)__________________

2, 0 (D..16 FILLET) 15.
CD 29'(REV).

6n R.] Li (T,27 PENING 4)
C PE' 0E50" (REF.) .

75" T4 (4" 25 VT PER NOTE 6,b.

APPROVAL DATE: VIRI:
11/30/01 63506 E

4.
(R

• I• f•y/////////////////V////////////• \
. .. - 4. V-A4-E, ......... ý( ...... 11,111,11,11- i-I

P

C-.'

1 I I (TYP,) 2 i5
VT PER NOTE & b. t P •,E7
PT FINAL SURFACE PER NOTE 6. D. "
OR MT FINAL SURFACE PER NOTE ,c.

NOTES;
1) SEi

, . • !.R35.9375'±.1875

(24) 0 1 1/4 ±1/16 THRU -6
HOLES 8I5* APART

0,625 1- H. NC X 1,5 DEEP
LIFTING TAPPED HOLES IN - #- 1 IITEM 44,-7 1 0 HOL IN I . 1-5-

R40.625'±.125 /4

* 15 '~ I R 78" : 2B---R38.5" B.C. •

270• (REF,) _.-

L DWG, 1880 SHT, I OF 10,

H O L T E C .. . ...
INTERNATIONAL CONSU1TI1

125TON TRANSFER.CASKDETAIL OF TOP LID

.WI;T

800f,

Biam 8amG

025 12'I 88

P

C

B B

7 I . 5 4 3 2 1
G; \ DRA WINGS \ 1025 \ TRNSFER \ 1880 - 7R 9

HI-STORM 100 FSAR RCvIIoSn 6; February 7, 2008



/ 6 I. I 3 1
6 Ib 1 I

REVISIONS

I VIR4:
131067 E

]D
A

D

- C

P B

A
A 'A~ ~AWIN~

B'~ 18Q~

025 .18/5 1880 ~
N2A £15U92 Of 0

7 I , 5 4 3. I p 1
G;.\DRA WINGS \ 1085\ TRNSFER\1880-8R9

HI-STORM 100 FSAR Revion 6: Fe.ru.y 7, 2008



/ 6 '3 U 1

.50-13 UNC X I' (REF) DP. TAPPED
HOLE WITH 5/8' MIN. USEABLE
THREAD LENGTH, -

REVISIONS

REV SUMMARY OF CHANGES/AFFECIED ECOs PREP BY APPROVAL.DATE: V]Rg:

7 INCORPRATED [CU.A 1025-35 ITFE 11/30/01 37433E
1/A X 45'

- CHAMFER

V

p .NDTES:
1) SEE MWE. 1880 SHT. I OF 10,

p

IB B

Ulflflif .......
HEDLTEC
INTERNATIONAL O1TING

125TON TRANSFER CASK LIFTING
TRUNNION AND LOCKING PADVIEW r"-N"

DETA~IL OlF LIFTINGl TRUJNNIONA JWMR80I8AVm0A 6M080
PA N.1880

I NIA ElO 001) o

7 6 I 5 4 3 p I
/Ž G:\DRAWINGS\1025\ TRNSFER\1880-9R7

HI-STORM 100 FSAR Revion 6; F&Lwry 7.2008



6 j '3 I

vp
Pm
P

]P

(TYP.>-- \.
vF PER NOTE 6. b, AND
PT FINAL SURFACE
ER NOTE 6, a. OR
[T FINAL SURFACE

VT PER NOTE 6. b. AND
PT FINAL SURFACE
PER NOTE 6. a. OR TP
MT FINAL SURFACE TYP, >
PER NOTE 6.c. ALSO ITEM 6B~~~~&ITEM 9 . - , \ • ,

(SEE NOTE 3, SHT 2 8 2 ±1/8

SECTION "D"-"D" - u_
-12.375

• #ni . •_6.188
(REF.)

•--)
I F -R 3.08 •

+1

Ln
AT 1/ . . .•

REVISIONS

REV SUMMARY OF CHANGES/AFFECTED EC~s PREP Pt APPROVAL DATE: VIRAN

9 INCORPORATED ECO 1025-35,12,5 & 4 TF,O. 11/30/01 17538

NOTESý
1) SEE DWG, 1880 SHT. I lF 10.

E

L70'
2 3+3/16 ..

P

K

C

(OR DOUBLE V)

" -0 VT PER NOTE 6, b. AND PT
(AS REQUIRED) FINAL SURFACE PER NOTE 6.

OR MT FINAL SURFACE PER
NODE 6.c.

VT PER NOTE 6. b. AND PT
FINAL SURFACE PER NOTE 6 a, OR

NDTE,/ MT FINAL SURFACE PER NOTE 6.c,
CUT BUT ITEM 6B 5/8 (SEE NOTE 3, SHT 2),WHERE POCKET

FRUNNIDN LD7CA FED NOFCH ITEM 233Z 1.2.4FOR POCKET TRUNNION (REC

VT PER NOTE 6. b. AND PT(TYR, FINAL SURFACE PER NOTE 6. aA R MT FINAL SURFACE PER
3,937 'NOTE 6c,

~VT PER ,NOTE 6. b, 1,97FFSE NOTE 3DbT )

If,

8
F7)

P B

9 90T

SEC TION //F//-//F"
VT PER NOTE 6. b. ANO PT
FINAL SURFACE PER NOTE & TYP. 8
OR MT FINAL SURFACE PER V IT PER NOTE 6. b. ANT PT >GIRTH SEAMNOTE 6C,c FINAL SURFACE PER NOTE 6. a. R0

OR MT FINAL SURFACE PER (OR DOUBLE V)NOTE 6.c VIEW Z-Z FROM SHEET I

HDLTECINTERNATIONAL CONSULTlING

125TON TRANSFER CASK
VIEW 'Z -"Z

SOLM

A

CaI 1- I f I

7 1 4 3 p I
3 2

G: \DRA WINGS \1025\ TRNSFER\1880-l0R9

HI-STORM 100 FSAR Revision 6; 4eaey 7,2008



7 6 .3 I
NOTES:

1) SEE DWG, 1928 SHTI. 2

(2) 3 1/4 0 THRU HOLE IN
ITEM 2 T0 ALIGN TRANSFER
CASK VITH HI-STORM

REVISIONS
REV SUMMARY OF CHANGES/AFFECTEO EC(s PREP BYS APPROVAL DATE: VIRh

1I INCORPORATED ECO 1025-35, 12, 6 & 4. TFiO. 11/30/01 24016
r-

(36) 1-8 UNC-I' (MIN) USEABLE
THREAD TAPPED HOLE @ I00 APART

J n

B.
"P.D
F-

11.000 27.O000

OUTLINE 10.0oo
OF DOOR c SEE DETm1928 SH

-t -FOR LIF

1 .

II

-? 1u 00
37.75'

A5,5
, (REF(E.

IL'

A 68,75 I.D.(+,4375,-.0)/" '

b < (AVG.)

-'-,• > *6• I,8(REF.) (4) 03.25THRUo -__-HOLE IN ITEMI

0-

3.5 (-1/4,-1/16

IF 1L WELD TE
/I NB WITH I-

2- DOOR• - / (FOR<~ : L,-STOPPER .5 RED

.. . _ • 40.5 (REF)- 81 ±1/8•-m - - -- IT

ziý 3.5 (+1/4, -l1/16)j 
I TP

&W7 4.5RE REf

BRIL [/TAP (0) 05 HILE X 025 eF. IEEP. I i

. .... . i ,%k i

37.75 TY P R F F - 1 i/ A (8) 00• fI_[ X R25 ROT. D[EP-JE
40.0' TYP REF

I - A UN z SECTI IUN "T'" - "iT,
THREAOED[••- HOLE

• 01.125U -'-.

4.375 (REF.) V PER) NTE •/N-)

1 FILL)

SECTION. "C - "C DETAIL "B" 2
SCALE, 125 1 SCALE, 5 = " - _

( VTPER NOTE 4 &i 5/161
(REF.) • ( PT FINAL SURFACE PER NOTE 1 A

• OR MT FINAL SURFACE PER NOTE I3

1

D

S -1/4"

3 I.A45.A.FERA A 1/4

B

6 I36.375 (REF.) -I SEE DETAIýL '3ý
72,750 (REF.)

SECTION "A" - "A" (TYP) VT PERMTENI
PI FINAL SURFACE(DOOR NOT SHOWN) PER MOTE? / 0/4

- - ________ - -MT FiNAL SURFAENE

NOTE: USE 22 PER NOTE 13

(TYP) C/S WASHER
/VT PER NOTE 4 & PT IF REQ'D,

IFINAL SURFACE PER
NOTEU 7 OR NT FINAL " -_(_tIPNT ___ I___
SURFACE PER MITE 13 E .....

•VT PERNOE 4 IHEILTEC
INTERNAPTIfNAl CINSLLTING• 5 & 21 F3 -4 UN_-_L_ •-

M53, 2, & 1 3 4O1TON HlFRAC TRANSFER LID
X I MIN DEEP HOUSING DETAIL

IR ON INSIDE_ I USEABLE 2 _

AE ITEM 4 INTERSCTS THREADED HOLE 0.- 1

I ITEM 5) NIA

-LECTIOIN "B" - " B8 ".,
SALE: .125 = AI ~ 19R8ft N/. Av[NGN .99) W2

B

A

7 5- 3 p I
7 1TT 5- 6\R\AAAIN\1iI\I[l)\ 111192Bl~l-IRII

HI-STORM l00 FSAR Revi00on 6:Fewwq,7.2000



/ 6 I 5 3 I

A
800 ±1/8.

72.750 (REF.)

36.375 (REF.) .

NOTE:
ITEM 14
ON OTHER

VI PER

D

-------------------------------------- A
V T P ER N ,T E ' & P T A,

5I A I' . j FINAL MRACE PER N ,E 7 3 I 8"
Li ~ ~ ~ ~ ~ O II ''-4@ I TIA. M~ACE 71•.f

A.T'l _J... •_PER NOTE 13 ;,,

49 L (TP) Vi PERNOTEl 4 I 3/8
±3/16 m EIm PIFIASUFC 3/N @FINAL SIRFNAC PERNOT 7 , PER NOTE 7 13

'A/tO I~T FINAL APTFITNOl ~13/8 O MT FINAL SURAE I NT FINl SURFACE 135•
-- -----.--- - - - - -7 -,_ l

(VIP,) 4 (TIP) 1/4 . / - 1.7'
VPERF NT 3RE 3/N VS) IPER 1 /4 2

PER NOTE 7 OR NOTE (ITEM 15A

HT FUILILkES 8 0 I{~TEM
PER NOTE 13 LANA

24 IT// 1
±1/8 P) I1NA VT voERTEf"A "'"EET

ON 12 T TE ) -- " SEE' WELD DETAIL

WILL NE V MIRROR IMAGE
SDOOR @THIS LINE

.4

OIE> /8[2 14)

.25.0 1
,(RET.)

1A8

15A

3.25 ±1/8

9.25 ±1/N

-A

REVISIONS

REV SUMMARY Of CHANGES/AFFECTED ECOs I PREP By:0 APPROVAL DATE: VIRR:
II INCORPORATED EM 1025-35, 16, 12, 8 & L I 'O. I /30/01 139903 E

NOTES:
I) DIMENSIONAL TOLERANCE ±A/8, EXCEPT NOTED,
2) TWO DOORS REQ. FT A
3) PAINT THE TOP SURFACE OF THE DOORS WITH THERMALINE 450 OR

EQUIVALENT AND ALL OTHER EXTERIOR SURFACES WITH CAROOLINE 890.
4) ALL WELDS REQUIRE VISUAL EXAMINATION PER ASME SECTION V,

ARTICLE 9, ACCEPTANCE CRITERIA PER ASME SECTION III,'SUOSECTION NF, ARTICLE NF-5360,

5) ALL LINEAR IIIMENSIONS ARE IN INCHES,
6) SERIAL NUMBERS ARE TO BE PLACED ON ALL LOOSE COMPONENTS

TO PROVIDE TRACEABILITY.
7) LIQUID PENETRANT EXAMINATIONS AS FOLLOWS,

-LIQUID PENETRANV PER ASME SECTION V, ARTICLE 6. ACCEPTANCE
CRITERIA PER ASME SECTION III, SUBSECTION NF, ARTICLE
NF-5350I

8) STEEL USED IN FABRICATION SHALL MEET THE REQUIREMENTS
OF ASME SECTION II, PART A.

9) WELDING PROCEDURESAND WELDER QUALIFICATIONS SHALL NE PER
SECTION IX AND ASME SECTION III, SUBSECTION NF.

10) ALL ANGLES ARE REFERENCE ONLY UNLESS OTHERWISE STATED.
A 11 DELETED

12) EXCEPT AS NOTED OTHERWISE, FULL AND PARTIAL PENETRATION WELDS
SHALL NE 45" MINIMUM. SIZE OF ROOT OPENING (IF REQUIRED), USE OF
BACKING AND BACK GOUGING (AND WELDING FROM BOTH SIDES) ARE AT
FABRICATOR'S DISCRETION,

13) MAGNETIC PARTICLE EXAMINATIONS AS FOLLOWS:
MAGNETIC PARTICLE PER ASME SECTION V, ARTICLE 7, ACCEPTANCE
CRITERIA PER ASME SECTION I1I, SUBSECTION NF, ARTICLE NF-5340,

/14) FABRICATOR MAY ADD ADDITIONAL WELDS PROVIDED APPROVAL
LA-A. IS RECEIVED FRIM HDLTEC,

A i5) WELDS IDENTIFIED WITH AN 'A' ARE CONSIDERED NON-NF T ELDS
AND MAY BE WELDED USING PRE- QUALIFIED WELD PROCEDURES
FROM AVS CIA.,iYP.) \ / / i

VI PER NROTER
PT FTIL SUFACE 1l/4 3/4-IOUNC X 11/4 MIN IP

PERNTE 7I T A THREAD IN ITEM 8 /mA
OP MTFINAL SUR FACE A-) _ T_.
PERT NOTE13 PLAN VIEW •.

V PER NOTE, N PIT A
.FINAL SURACE PER IITE 7

ORT TFINALMACEPEROTEIR i 11/4
WIDE 2.50 rE" 'E 0)11"16EM 8 I-(REF.) k y , .• . OUTIDI•E ") "

A
SIDE VIEW

1/4 DP. X 7.5 I
CUT OUT IN ITI 7I _m __

B 8. 10 5.25

13 ~ ~ 1812O19 
7

711-.-.25-7I I IS IP HOLE RET
3.7 ý51 I L 0' MIN USEAILE TIHEAD) .

7

15
/ " 8VI16

RIPEN5,A025

VIPERIIE~ ~ ~ ~ V PER,." t,,

VI PER T 4 5.80 r3/16 RNOTE /I
&PT INUFACE -1/16PER NOTE 7 D 2.50 P { WLLr , ITIL

ERE 5NOCE .25 (REF.)NI/A T F< ATI

-X~1/16  H 27 Eflflflfl
INTERNATIONAL MNSULT

2.50
(REV. 25TN HITRAC TRANSFER LID
REF.DDD DEO H TAIL

VI PE- R TOTE 41 
DT D7R c

PT FINAL SURFACE NIA
PE.RTER 0.5

PER NOTEI R3 ETAIL OF LIFTING PAD ~ \ .L' 198 '

SCALE: .25 =1 N/A PAA1ro7

B

x I
VT PERRNTER 3/16 A Vi PER NOTE 4

AlER 1 10 , ITE R 15 DIEN 10 TI ITEM 13,
SECTN15,15A.16 t -

• SECTIDN "A' "A"

1.375D

• •j26 A/

A.0
I +3/16,-1/16

. ITEM 29

A

7 I. 5 ,4 3 2 I 1 1
/'u\ G:\IAVINTS\1025\TIISER\Ig92-2RI0

HI-STORM 00 FSAR RevIsion 6 FebrUary. ,2006
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REVISIONS

REV SUMMARY OF CHAN6ES/AFFECIED ECOs PREP BY: APPROVAL DATE: VI#

8 INCORPORATED ECOI 1026-28 IY1]. 11/30/01 92346E E

.y

(SEE SHT, 8)

D P
90,

(SEE SHT. 3)

- HI-TRAC

C

BODY

B

NOTES: PLAN VIEV
1) SERIAL NUMBERS ARE TO BE PLACED ON ALL LOOSE COMPONENTS ASSEMBLED. IN THE FIELD OR

COMPONENTS WHICH MAY BE REMOVED TO PROVIDE TRACEABILITY.
.2) DELETED,
3) ALL WELDS REQUIRE VISUAL EXAMINATION (VT).
4) EXCEPT VHERE STATED OTHERVISE, TOLERANCE ON FINISHED DIMENSIONS ±1/4.
5) ALL LINEAR DIMENSIONS ARE IN INCHES,
6) NONDESTRUCTIVE EXAMINATIONS AS FOLLOVS:.

a) LIQUID PENETRANT PER ASME SECTION V, ARTICLE 6, ACCEPTANCE CRITERIA PER ASME
SECTION III, SUBSECTION NF, ARTICLE NF-5350.

b) VISUAL EXAMINATION PER ASME SECTION V, ARTICLE 9. ACCEPTANCE CRITERIA PER ASME
SECTION III, SUBSECTION NF, ARTICLE NF-5360.

c) MAGNETIC PARTICLE PER ASME SECTION V ARTICLE 7. ACCEPTANCE CRITERIA PER ASME
SECTION III, SUBSECTION NF, ARTICLE NF-S340.

7) DELETED.
R) FABRICATOR TO MAKE FINAL DETERMINATION OF THE LOCATION AND TOTAL NUMBER OF

CIRCUMFERENTIAL AND LONGITUDINAL WELDS REQUIRED.
9) DELETED A
I) THE EXTERNAL SURFACE OF THE CASK SHALL BE PAINTED WITH CARBOLINE D90. THE INSIDE

SURFACES OF THE CASK (EXCLUDING SEALING AREAS) TO BE PAINTED WITH THERMALINE 450 OR
EQUIVALENT THREADED HOLES, PLUGS, SEALS ETC. SHALL NOT BE PAINTED.

II) STEEL USED IN FABRICATION SHALL MEET THE REQUIREMENTS OF ASME SECTION II,
12) WELDING PROCEDURES AND WELDER QUALIFICATIONS SHALL BE PER ASME SECTION IX AND ASME

1SECTION I11, SUBSECTION NF.
13) ALL ANGLES ARE FOR REFERENCE ONLY UNLESS OTHERWISE NOTED.
14) ALL BASE METAL THICKNESSES IN DRAWINGS ARE DEFINED AS REFERENCE DIMENSIONS,

15) WELDS IDENTIFIED WITH AN 'x' ARE CONSIDERED NDN-NF WELDS AND MAY BE WELDED A-"
USING PREQUALIFIED WELD PROCEDURES FROM AVS DI,0.

B

(SEE
SHT.

10)

Eu..m.....
H El L T E C ....
IN TE NA TONAL CONSL TNG

100 TON HI-TRAC OUTLINE
WITH POOL LID

N/A

Rf 2145A i L POOL LID -
Q (SEE SHT, 5)

A

7 1,5 4 3 2 ^ I I
Z,, G:\DRAWINGS\1026\HI-TRAC\2145-IR8

H4-STORM 100 FSAR Revsion 6; February 7, 2008



7 6 3 2 I

NOTES.
1) SEE D/G. 2145 SHT. I OF I0.A 2) EXCEPT AS NOTED OTHERWISE, ALL GROOVE WELDS ARE FULL PENETRATION (45" ANGLE MINIMUM). USE OF

Z\ BACKING, ROOT OPENING SIZE, AND BACK GOUGING (FOR .WELDING FROM BOTH:SIDES) ARE ATlFABRICATOR'S DISCRETION,
PARTIAL PENTRATION WELDS ALSO REQUIRE 45. ANGLE MINIMUM,

• "REVISIONS

REV SUMMNARY OF CHANES/AFFECTED EC0s PREP BY: APPROVAL DATE: VIRNt

S.INCORPORATED ECO1-O26-2B, 13, 9, & 4. TrF.O. 11/30/01 35696
E E

091 ±1/4 WATER JACKET END PLATE OUTSIDE
078 ±1/4 (AVG.) D.UTER SHELL AND LOID DUTSIDE

073ý3.75 (REF.) B,C.
SEE SLIT. 6 (7 A

D D

C C

B B

/A- 083. (REF.) BDTTOM VWATER JACKET DIA.

( ý ." " 086.50 (REF,) B.C.
(SEE S-T. 4) 089 (REF.) BOTTOM FLANGE OD,

IiIIflf fUlI[0 ESION

H L T E C W0 ...
INTERNATIONAL CHSLUTING

000 TON HI-TRAC BODY
SECTIONED ELFVATION

MEkT,

N/A

1026 .10 I.2045
N/A 145 o

SEE NOTE 2 YP
5/8 P

VI PER NOTE 6& b. AND
PT FINAL SURFACE PER NOTE 6.0. A
OR MT FINAL SURFACE PER NOTE 6,c. /28\VIE V. A-A

7 1 9s 4 3 p ^ I 1
/\G:\DRAWINGS\1026\HI-TRAC\2145-2R8

MI-STORM 100 FSAR Revison 6; Februaoy 7, 2008



7 6 .5 3 1
1 I 3 i

NOTES: 3) RADIAL RIBS ARE TO BE EVENLY SPACED AT.
1) SEE DWG. 2145 SHT. I OF 10. . . APPROX. 36" WITH TWO OF THE RIBS BEING PLACED

A?) ACTUAL LOCATION OF RADIAL RIBS AND OVER THE POCKET TRUNIONS.
ENCLOSURE SHELL PANELS AROUND THE
CIRCUMFERENCE ARE REFERENCE ONL Y. I ,o. .

REVISIONS
REV . SUM8Y IOF ECNGES/AFFEETED [ECs PREP BY: APPROVAL DATE: VIRR:

8 INCORPORATED ECO-10R6-R8, I0, & 7. I ,FD. l1/3O0/0 68481E E

U U

C

I

B B

A
A

7 I 1ý 2q 2 A 1
ZL\6\n RAWINGS \1026\H[-TRAC\214 5-3R8

7.2008
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! 6 4 i 2 I

REVISIONS
REV SLVARY fECHANGES/AFFECIED [Es PREP BY: APPROVAL IL V1RI
7 INERP]RAIED LC0]: 1026-28 I T.F. I 11/30/01 150862E

L_ I. , .
I63V I E

NOTES;
1) SEE DWG, c145 SHT, I OF 10,

2.0 THK,

(36) 1 1/4±1/16 0 THRU HOLE
EQUALLY SPACED (10" APART)

I P

C
L90°,

B B

NEEEIIIII "'E"
HEDLTEC ......
IhNTERNAIOUNJAL CONJLTING

100 TON HI-TRAC
DETAIL OF BOTTOM FLANGE

N/A

00LŽ145

N/A oOEM I

A
BOTTOM VIEW F. B17TT7M FLANGE

7 (0 I 5 4 3 1
7 6 1 5

/ZZ .&;\DRA WINGS\IPJ 7 7.2008
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E

VT PER NOTE 6b & VT PER NOTE 6b. & EE DTI
PT FN PT FINAL SURFACE SEE DETAIL CF EI3R
PER NOTE 6,. DR 1 Mi PER NUTE E 6 '- SEE DETAIL F ITEM 31I l
NT FINAL SURFACE M FINAL SURFACE&IPER NOTE 6, c, /P3/74A v PER RITE. 6.c,. , I....M" DETAI.L A•6

(SEE TE 2 ON SAT 2) A N VLD REQD NEAR EN 3 33.375 (REF.)

1.~-
2 5

REVISIONS

SUMMARY OF CHANGES/AFFECTED ECOs PREP BY: APPROVAL DATE, VIRI:

INCORPORATED ECO-1026-28, 13, 11, A 5 O ITF. U/30/01 63956 L

AL T [F; ' 2F B9 */48IS.l. FOR ITEMlO 6  . -/1 ~~ 09 3/41/8 0.D. FOR ITEM I.-I

D

(REF, .IS0E A . D• I j• IL D

(REF.) c

0(36) 1-8 UNC X 1' MIN.

A USEABLE THREAD LENGTH
(4)0.6' .9 UNE x Y.. D-\WTH 2' DEPTH REF."~~~~(4 .7 - 9 ...... X TAPDHLS5 0 PR

DEEP LIFTING TAPPED HDLES TAPPED HOLES P 10 APART
(PLUGS ARE REQD).
ON A 0 56 B.C•EVENL Y SPACED

; ., \,4• " )•. ,TOOLL

086.5 B.C. 
ADIUS

S (RE F.) 02 .

082.0 6(REF. GASKET 00375
GR OVE INSIDE '±1/06

114 ' •DE TAIL A
VT PER NOTE 6h•

PRNT6..OR 0, 75 (INSIDE) I ¢8.5(E. -I8UNCO FINALS 083.75 (REF.) GA ET' U-BNE

PER .EF.) .GR..VE .UTS. D ,

075 (REF.) i- 1.25 '/ / / "

2 076.5 (REF.)
(REF.) 089.75 ±1/e (REF.) 1o DET,

DETAIL D SCALE: 0,16=1 sco-,

NOTES;
1) SEE DVG. 2145 SHT. I OF 10,

K-• 0• 8 •3.625 REF
l-482.125 REF -

0,5 REF

1 8 ,75

TOLILRADIIOJSI ý k5

D

DETAIL C

125' SC5- 40.1257 '

R SA E 06B C/S SIL. PIPE A/
VDETAIL PRF ITEM 316

3ITH 2 ' OF

THRE•AD/• ImI......

32 - - TERNATINAL A--S-- - -

i00E TON HI-TRACI•_~ HEETAIL OF POOL LID

~N/A
WT 2145

AIL B A .. N.. .. 1... .IS
,•10 TV • ' N / TA C

C

B BI

A

7 1 5 4 3 p I 1
•f

DR WINGS\ 10-fl/jN 6 \Jt\HI- I t</ILWJ45-5R6

HI-SORM 100 FSAR Revi&;on 6: February 7, 2008
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REVISIONS

REV SUMMARY O CHANGES/AFFECTED ECOs PREP BY: APPRVVAL DATE: VIRP:
V 8NCORPORATED. ECO-102-28, 8 & 4. THFi. I/30/01 7752216. A E

NO TES:
1) SEE DWG,2145 SHT. I OF 10,

D P]

270"

SEC TIUN "A" - 'A"
SMAEý = I

B B

H ]L T F-C ....
INTERNATIONAL S-TtING
66RPT

100 TON HI-TRAC
DETAIL OF TOP FLANGE

N/A

N/A 2145
0I.~ o

A

7 5 4 3 P A I I
7 I 1 5 4 "---'•:\I)NAWING.•'\IO•6\HI- INAU\•I4.b-GW•I

H4-STORM fO0 FSAR Revision 6; 
Febman/7, 

2008

DR:jA WINGS\I \1U6 \ Hl- TRAC \ 145-6RB
HI-STORM 100 FSAR Revision 6: Febmro6y 7. 2D08
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REVISIONS

REV SUMMARY OF CHANGES/AFFECTED ECOs PREP BY: APPROVAL DATE: VIRMl

INCORPRATED ECO#: 1026-2 TFR, 11/30/01 85278

0272

1,0 (REF.)

0.625 - 11 UNC THRU HOLE
LIFTING TAPPED HOLES IN
ITEM 16 ON A 0 56 B,C, LOCATED "045 ',1 25 ',225°,315°,,•

NOTES:
1) SEE DWG, 2145 SHT. I OF 10,

(24) 1 1/411/16 0 

16

THRU HOLES
S15o APART .Z

R39_+1/ 
. \

R30.0875 B.C.HDLTEC WYI

-4 INTERNATIONAL CMNSLIN

270, go. DETAIL OF TOP LID

N/A A
, 

BM~~ R 21,85z 4 '
Z 02 .15= 145

7 6 IA I 4 3HAR, 1
• • ; '-~6\ DRA WINGS \1026 \HI -TRAEC\ 214 5- 7R8

HI-STORM 100 FSAR Revsion 6 Febrry 7.2008
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E

D

x7

VT PER.KTE 6. b. ANDT FINAL A
4 SURFACE PER N OTE 6.' a _RTYP) VT PER NOTE 6. b. AND PT FINAL

.10 ±1/8ME FINAL SURFACE PEER N±TE.6.c •- SURFACE PER NOTE 6. 0. IR
M,•T FINAL SURFACE PER NOTE 6,c,

'. \ •~~~-4--- /.• • '-

6 - . .6625 REF .1875 " " 6,25-4 UNC
DRELIEF FLAT BOTTOM THREADED

THREAD REL.EF.- - . HLLE WITH RELIEF
' \ , •/ ' • ./RELIEF•

A A•I \• VTIPER NOTE & b, AND PT FINAL
-0'. 1 .SURFACE PER NOTE 6& o. OR

"-(TYP) MT FINAL SURFACE PER NOTE 6,c,

VIPER NAT 6.N N P A VI PER NATE 6. N. ANT PT FINAL

34... SRAC 'E NAE6. R3 SURFACE PER NATE 6. o. AR
MTFI" SUFAE ERNAE"CMT FINAL SURFACE PEA• NATE 6-.r8 .12 5 (.SEE NATE 2, SAT 21(TYP • . .. " ' . . ' . • Y ..) I•, 2.2 (REF,)•Z

VT3 N - X VIPER NATE 6. b. ANT P1

SURFACE PER SNTE 6, , AR (TRUNNIUN NUT SHUWN) FINAL SURFACE PER NATE 6. IA.
MT FINAL SURFACE PER NOTE 6.c. AR MT FINAL SURFACE PER NOT E 6.cO

(SEE NATE 2,2,2) 83 1) T2.. . S (SEE ANTE 2, S 62)

E

D

B

VIPER NAE6 N N P T FINAL 1 /4 I VTPER NA]TE 6,b, ANA] PA FINAL MIT FINAL SURFACE PEA ANlTE Ac.
SL!•FAEPE RNATE o. AR . 1/4 ./ SURFACE PER NATE 6. o. UR (TEE AN]TE 2 SHEET 2)1
M'•WTFNL sURFAC PE NATE 6c' MT FNAL URAE PER{; NATE 6c.

(SE NAE , ST 1 (EE AT 2,SA ET WE21

}B

HELLTEC
INTERNA TIONAL CONSt 16

100 TON HI-TRAC
VIEW Y-Y

,D10 . N/A

ND TES:
1) SEE DWG. 2145 SHT. I UF 10,

I AREVISIONS
REV ' SUMMARY OF CHAN6ES/AFFECTEI ECAs PREP BY: APRAVAL TATE: lA N,

INCORPORATED ECIA-O26-2B, 13, 7 & 4.
I 'r'' I1 11/30/01 142259 NA-52, I ASPic

7 I' 5. 4 3 2 I
G\DRA WINGS\1026 \HI- TRAC\2145-8R8

HI-STORM tOI FSAR Re'IsRJo 6: Feiuary 7. 2008
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REVIS[INS

REV SUMMRY OF CWNGES/AFFECTEEI RE0s PREP BY: APPROVAL DATE: VIRI:

5 INEIRPORATED EI-106-8 & 16 1 TFl. II/`/ 59616E E

D

. .. .NOTES:
1) SEE DWG, 2145 SHT. I OF 10,

NOTE: XXX IS
SERIAL NUMBER
TO BE DETERMINED
AT FABRICATION

S E R IAL : N0, XXX'

EMPTY EIGHT---- KS,,
HOL TEC INTERnN ATION AKG

B

VIEW OF "-I""FTDET IL IJF IFINI mUNNIEJN

.50-13UNC X 1 (REF) DP.
TAPPED HOLE WITH 5/8'
MIN USEABLE THREAD LENGTH,(TYP) --- ý-- - "

NOTE1
LETTERS AND NUMBERS
1/2 HIGH MINIMUM,

B
STAMP DETAIL A5

(ON TOP FLANGE AT 0O REF.) B

F- HDLTEC
INTERNATIONAL CONOtTING

100 TON HI-TRAC LIFTING
TRUNNION AND LOCKING PAD

N/A

m2145

. N/A I VA 107

IA
.125 X 45'

CHAMFER
A5

7 1 5 4 3 2 " Al I
/ '. A\GTRAI/INGS\1026\HI-TRAC\2145-9R5

HI-STORM 100 FSAR Revision 6: Febmwr 7,200B



(3) 1 3/8'-6UNC

IT /ARC & STUD

-D 11875 DRILL THRU
ARC AND SHAFT UON ITEM 29,

1.625 CBGRE,
TY (GIRTH SEAM) 1125DP
VT PER NOTE 6,b. AND PT FINAL R- 4 REQD,
SURFACE PER NOTE 6. a. OR
MT FINAL SURFACE PER NOTE 6,c. VIEW Z-Z FROM SHEET 1

1/8' X 45 •,ý - r 01 3.
CHAMFER

• " .3,75

1 3/W-6UNC-

3,9375

/8

-<(DR DOUBLE V)
no\ VT PER NOTE S. . TNT PT

FINAL SURFACE PER NOTE 6. o0
(AS REQUIRED) OR MT FINAL SURFACE PER

NOTE 6.c, (SEE NOTE 2, SHT 2)

117R @

NOTES;N) SEE DWG. 2145 SHT. I OF 10.

2) IT IS THE RESPONSIBILITY OF THE
FABRICATOR TO ASSURE THAT
ITEM 29 WILL FIT INTLI ITEM 47.

3) AS AN OPTION ITEM 47 AND 29 CAN
BE ONE SINGLE PIECE AND ITEMS
30, 48 DELETED.

DETAIL A

HI-STORM 100 FSAR Revison 6; Feb-ra!y 7. 2008
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&' Il/c/l T
89,00 (+1/4, -1/16)

(36) 1-8 UNC X I' MIN USEADLE THREAD
TAPPFn HnIF P1 APART-n.

E 41 " S 2) 3 1/40 THRU HOLE IN
/ /ITEM 2 TO ALIGN TRANSFER CASK
I WITH HI-TROnM f•l

I ,II FCu

0-

D

Li

T
SLi

+I

A 
Al

Li
0C

27 TYP, 8 3/16 1EF 2
C, TYP. TYPI

TY P* .TYPI .

L OF DOOR. REF.

0 8 I .. B .

REF,/

I r, U1 I • ... ks +

-7 ----- • -- -. . . .-- --- ---

i,,: I : • I , - ',--

i -- --- - -- -. -- ---

,I06 7R 1 Di•,,, \ • <(v.4375 • i •
iF,: .(AVG.)

2 REF TYP

* 1/4 3-12

-SEE -DET. ON
2152 SHT. 2

/FF"

J

REVISIONS

REV SUMMARY OF CHANGES/AFFECTED ECls PREP BY: APPROVAL DATE: VIR11
9 INCORPORATEI EC[-1•26-28, 19, 17, 12, 8 & 4 I.F.0. 11/30/01 13958
I2 INCORPORATED [EC-1026-29 T.0] 8/26/02 89625

ýTHRU HOLE ---. - - AD/ D

(jF1 [R 2-T
242

SECTION 'D' ' SECTION 'C' - 'C' DETAIL 'B'

TYPICAL (4) PLACES - -LAE ,, ,RS F 1 I I• = I

" 3 7 .7 5 i -( ' - - I
REF , iI

•23 2 2 'SOTUBE TYP.t23 3

@W/ 1/4' WALL 1/8 RI.1 1/' 3 PLES2
SQUARE TUBE IS

S66' REF. FLUSH WITH THIS
I SECTION 'E' - 'E' SURFACE.
-- " TYPICAL EA(CHSIEOF HI-TRAC TRANSFER LID DODO

•VT PER NOTE 4 t PT
- ' -- II4 REF • FINAL SURFACE PER OTE 7 OR 1/1

,". * . • M T F I IA L S U R FA C E P E R N O T E 1 2

4 3 11/' U 45' CHAMFER 11.625 1/4 4

I ~36.375 R.EF - ~ SEE DETAIL ' '~-

A L(TYP) -

D

E

-C

EL
cs

B

CUTOJUT IN
ITEM 1 & r
ITEM 2 TYP
4 PLACES -

~~~TYP,. ] .
.1/2 VT PER MITE 4 t SECTION 'A' - 'A'

T FINAL SURFACE (ODOR NOT SHOWN)
PER NOTE 7 OR
MT FINAL SURFACE N NOTE
F-SEE NROTE 12 USE C/S\\'DETAIL F-F IWASHER - '

O ON SHT. 2 !IF REQ'D, 22

1/2 VT PER NOTE 4
1/ .(TYP.) 3 - 4 UNC
WELD ITEM 5 & 21 ' X 1' MIN DEEP•
T WITH ITEM 3, 2, 1 1 'USEABLE

F(FR ITEMS, NO VELD THREADED HOLE
,TYP- TERIRE {ITT INSIDE S O

* 11[11 VIWEE ITEM 4
1 . l. I N T E R S E C T S V I T A I T E M ) 1 I SE C A L E B' . BI

VT PER NOTE"4 &
PT FINAL SURFACE 3/ Z
PER NOTE 7 ER
MT FINAL SURFACE
PfR N T t 1 2 _

B

A

H I- L T E -C ANAYSIS

INTERNATIONAL CONSULTING

100 TON HI-TRAC TRANSFER
LID HOUSING DETAIL

1111W,
N/A

111216 N/A•E N. 21

17RF Y 3 0/8 RF- -
17 REF TYP i 6 1/4 RF (04)3 1/4' 0 THRU

,,E 1 DL9 40.5 REF .8 " " HOLE IN ITEM 1

A

7 6 I .. 5 4 3 2 I
O:\DRAWIN~OA~-I~A
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L

D

5.- - .----.... -I - - i " •If::
-- -- - - 4-.75'REF T'E

II =• nýLDRILL /TA (8) 1ME OLE 0025 REF DEEP--/\ 4)

40D" TYP REF SECTION 'F' - 'F' A

VN P )R 5/1 ' TTTI.T0 WPE 72.750 RE

NO T FI4AL SU/ A1 E ..... .. A.. RN .E ...... 36.3 .. .R

(ITEM) 15 TO• • "TE 8)TEB F -'-• G "a•,

IN ~~ P A -IE --- ----' ----- ' -----

VR P EE NOTE 4 FR.
I IF P FIN S

PERM,8 T ) VB I NOTE NTIPERE "

CUT OU IN ITEMH PE 8 8 M FINAL DRACO (INSDE D

.1,5 REF P MNO TE 13 OUI-DE . L

AISA DEEPMOLEREFIO) El

••~I' MIN USEADLE THREAD) i)E

vt PER NOTE 4 L OE 7 OR MT . . . . IA

VIF I PR SU R I SRFASELTIPEN "AT 12 F AL 1  .. 12) MP

ITE PER MIT ORM NOTE 12_ -- -- - . . 135

I3155A 2L5 . .

52! 612'-.----61/2'I5' ./. 13)
S I I I/ •2 /8 | • AT " 0 "F

SEE AI

ttYP 4'REF0ZF'1 X I -I . A I0INU

IREVISIONS
REV SUMMARY OF CHANGES/AFFECTED ECDs PREP BY: APPRVAL DATE: VIRN:

INCORPORATED ECI-IIG6-28, 19, 17, 14 & 10 TFD.I 11/30/01I 53364

OTERDfORN IROR IMAGE A~ . 21 3/8'

THIS-LINE 4 1/4 A 26 3.5 REF

14 ~2.0 0±1/ 8

VTPER 112p 3,25±1/8 8
- - ,-'- iVT PER NOTE 4 .F (+3/16

13 /4A 9,2C5E±1/8R LSAEPER -1/16) 5.00
TNOE 7 1R MI FINAL

•.FACE PER NOTE 2 (+3/16
•• 9.25±1/6 . > RF -1/16)

15A5.00 I2

TACKWELD-1/16)
2.50 26

V- PTER NOTE IP&FT
FIAL SURFACEPER

S. NOTE 7 OR M FINAL 1/2
SIDE. VIEW IRFACE PER NOTE 12

IMENSIONAL TOLERANCE ±1/8, EXCEPT NOTED.
WO DOORS REG. A DETAIL OF LIFTING PAD
AINT THE TOP SURFACE OF THE DOORS VITH THERMALINE 450 OR
:QUIVALENT AND ALL OTHER EXTERIOR SURFACES WITH CARBOLINE B90.
LL WELDS REQUIRE VISUAL EXAMINATION PER ASME SECTION V SCALE: .25
RTICLE 9 WITH ACCEPTANCE CRITERIA PER ASME SECTION I11, - -- - -- - -- - -- -

UBSECTION NF, ARTICLE NF-5360. 8
LL LINEAR DIMENSIONS ARE IN INCHES.
ERIAL NUMBERS ARE TO BE PLACED ON ALL LOOSE COMPONENTS I

0 PROVIDE TRACEABILITY.
IQUID PENETRANT EXAMINATION PER ASME SEOTION V ARTICLE 6. 1
CCEPTANCE CRITERIA PER ASME SECTION 11; SUDSECTIGN NF, " IT PEv -.51It, / /,

ARTICLE NF-5350. INOTE4"-/•1/••
TEELIUSED IN FABRICATION SHALL MEET THE REQUIREMENTS " ©.
IF ASME SECTION I, PART A
ELDING PROCEDURES AND VELDER QUALIFICATIONS SHALLIBE PER DETAIL
ECTION IX AND ASME SECTION III, SUBSECTION NF. E RILE DETAIL

.L ANGLES ARE REFERENCE ONLY UNLESS OTHERWISE STATED. [ TA I
ICEPT AS NOTED OTHERWISE FULL PENETRATION WELDS SHALL EiQUIINPNT 115,,
IE 45 MINIMUM. SIZE OF ROUT OPENING (IF REQUIRED), USE OF
BACKING AND BACK GOUGING ( AND WELDING FROM BOTH SIDES) I I .....
RE AT FABRICATOR'S DISCRETION. I-I H I.- 1 T C .
AGNETIC PARTICLE EXAMINATION PER ASME SECTION V, ARTICLE .7 . INTERNATIONAL CIONSULTING
1ITH ACCEPTANCE CRITERIA PER ASME SECTION I11, SUBSECTION NF, lES•Ph
,RTICLE NF-5340.
ELDS IDENTIFIED WITH AN 'o' ARE CONSIDERED NDN-NF WELDS AND MAY I100 TON HI-TRAC TRANSFER
E WELDED USING PREQUALIFIED WELD PROCEDDURES FROM AVGS II. LID DOOR DETAIL
ABRICATOR MAY ADD ADDITIONAL WELDS PROVIDED APPROVAL IS
CEIVED FROM HOLTEC.
HREADED HOLES USED TO ATTACH THE TRANSFER LID DOOR ACTUATORS' SHALL NIA

LOCATED AS NECESSARY FOR ALIGNMENT, " Bka nv.•
FTING PAD IS OPTIONAL. THE ALTERNATIVE IS TI USE AT LEAST (4) OF THE 5 82152
6) 1-B UNC THREADED HOLES WITH APPROPRIATE RIGGING EQUIPMENT TO SUPPORT/',\ 2 22 I
HE TRANSFER LID WEIGHT OF ID000 LBS. NIA I a m

E

D

B B

A
A

SECTIGN "B" - B" '4) 3/4- 10 UNC- 11/4 MIN, DEPTH'

muwmý ýmm&

7 C) I 5 /$ I p
GS :\DRA VINES\1DOG\UI-TRAC\2152-2RB

,'b-lsr 7.288
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CLIENT GEERLDESIGN DRAWING PACKAGE COVER SHEET
GENERAL . . .•, . "

PROJECT NO. 1024 P.O. NO. N/A
D

DRAWING
PACKAGE I.D. 3187 TOTAL SHEETS 2

DESIGN DRAWING PACKAGE CONTENTS:

SHEET DESCRIPTION

1 COVER SHEET

2 ASSEMBLY DRAWING. BILL OF MATERIALS AND NOTES

REVISION LOG
rrEECTOoR N' ZPOBREBYOHTOEENCHNBmA E Al ENN TENIICA O!YWLAOEE toN AB NA N•IECSA

AFFECTED DRAWING SUMMARY OF CHANGES/ PREP; APPROVAL VIR#
REV. SHEET NUMBERS AFFECTED ECOs BY DATE

0 INITIAL ISSUE INOAL ISSUE T.C. B-7-OO N/A
1- SHEET 1 ADDED GUSSETS S. OLE B-30-00 N

&SLOTTED HOLES S E B3-O. . /

INCORPORATED ECD. 1024-AT. OTHER

2 SHEETS I & 2. EDITORIAL CHANGES ARKED ITH PEl. T.F.O. 7/29/02 27911

OB• I TIA T T .I " A

D
GENERAL NOTES:

I. THE EQUIPMENT DESIGN DOCUMENTED IN THIS DRAWING PACKAGE
HAS BEEN CONFIRMED BY HOLTEC INTERNATIONAL TO COMPLY
MITH ALL APPLICABLE CODES AND STANDARDS.

2. THE PURCHASER OF THE EQUIPMENT MUST ENSURE THAT IT WILL
INTERFACE WITH THE PURCHASER'S FACIUTIES AND DEVICES
WITHOUT INTERFERENCE OR EXCESSIVE CLEARANCES.

3. THIS EOUIPMENT MUST BE DEPLOYED IN ACCORDANCE WITH
HOLTEC INTERNATIONAL'S INSTRUCTIONS TO ENSURE PERSONNEL
SAFETY AND To MAINTAIN WARRANTY PROTECTION PROVIDED BY
THE GOVERNING CONTRACT.

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

5. CRITICAL DIMENSIONS (INDICATED BY AN -) ARE ESSENTIAL TO
ASSURE EQUIPMENT FUNCTIONAUTY.

6. THE ITS CATEGORY OF A SUB-COMPONENT IS THE HIGHEST
ITS LEVEL OF ALL PARTS THAT MAKE UP THE SUB-COMPONENT.

c C

PROPOSED BILL OF LADING

B
SUB1- ITS APPROX.

COMPONENT OTY. DESCRIPTION CATEGORY WT./LBS. SHEET#
(sRNOAIY I

A " 1 LUG AND ANCHORING ASSEMBLY ITS-B 11T50 2

A
SM EN GENERAL
HOLTEC C
INTERNATIONAL LUG AND ANCHORING DETAIL
TNT A INCO NOY • FOR .NI-STORM IOOA

* NA4 -- " 13187 IT I-
8 7 6 5 t 4 3

HI-STORM TOO FSAR Revsion 6: FebrAury 7. 20C8



R I 7 6 5 4 4 2 I
2 1

D

C

I"•~THK.

ET. ITEM 5

I OVER
00aUTE

SLEEVE,
BY EMBED
(BY D."E

13/4' -1/B"

NOTES:

A1. DELETED

Z?2. DELETED

3. ALL ANGULAR DIMENSIONS ARE REFERENCE,
UNLESS OTHERWISE NOTED.

//4. ALLOY "Z" IS MATERIAL WITH A MINIMUM YIELD
AND ULTIMATE STRENGTHS PER FSAR TABLE
2.0,4. FSAR TABLE 1.2.7 PROVIDES SEVERAL
ACCEPTABLE MATERIALS.

L25. THE HI-STORM I1DA DESIGN IS ALSO
APPLICABLE TO THE HI-STORM 1DOS
OVERPACK, IN WHICH CASE THE ASSEMBLY
WOULD BE NAMED HI-STORM IOOSA.

D

C

B B

SLOTTED HOLE DETAIL SECTION A-A

PLAN - SECTOR LUG AND ANCHOR BOLT ARRANGEMENT FOR HI-STORM 100A
(ITEMS 4 AND 5 ARE NOT SHOWN) ROE DRAWINGS MUmBO USED IN ROIIIIIORRIRII wtm WIlE AAPUIARAZ RESIGN ERAURRO

BILL OF MATERIAL

ITEM NO, OTI. MATERIAL PART DESCRIPTION REMARKS PART NAME ITS CATEGORY

I SA 516 GRADE 70 2" THK. X 146 1/2" 0.0. .ASERL OF RPCSTERM IO BASEPLATE ITS-B 2

SA 516 GRADE 70 3/4" THK. X 132 1/2" I.D. X 137 1/2" 0.0. RWNG MAY BE MADE FROM MORE LUG SUPPORT RIN( ITS-B
THtAN ONE PIECE. LGSPOTRN T-

3 32 SA 516 GRADE 70 3/4" BHK. X 7" WIDE X 16" L.G. PLATE GUSSET ITS-B 2
UONTEIT HA4r HEX NUT SU O U T-

4 28 ALLOY "2" 02".16" LG. MIN.. 42" LG. MAX. (BELOW THE NUT). TOO WITUD W RO NU T ITS-?

5 28 SA 516 GRADE 70 1" TrHK. X 5" WIDE X 6" LG. PLATE WASHER NOS

mmmm. = GENERAL
H O LTECCifn'- = '" Zl.,. INTERNATIONAL

= .OC-• LUG AND ANCHORING DETAIL
- o.SOIRoRNRR FOR HI-STORM IOA

'- 1024

- N/A
HFTR 3187 2 2

8 6 t 4 3. 2

RI-SITORM lOB SAR ReDMtAM 5:FE~flay . OBB



BM-1575 (E,.L. 2839) BILL OF MATERIAL FOR HI-STORM (DWG, 1495, 1561) SHT 1 OF 2 _

REV. SUMMARY OF CHANGES/ PREP. APPROVAL VIRIS
AFFECTED ECO.s ny, DArn

19 INCORPORATED E.C.O.# 1024-67 T.F.O. 4/14/03 68570

18 INCORPORATED E.C.O.# 1024-66 T.F.O. 3/28/03 80754

17 INCORPORATED E.C.O.# 1024-•62 S.L,C 9/30/02 35699

16 INCORPORATED E.C.O,# 1024-61 T.F.O. 9/18/02 16734
15 INCORPORATED EZC,13# 1024-54 S.L.C 6/20/02 32848

14 INCORPORATED E.C.LL 1024-50 1SL,C. 5/7/02 46085
13 INCORPORATED E.C.O.#. 1024-44., CHANGED REVIS113N BLOCK TO NEW FORMAT T.F.n. E/5/0E_ 344-36

IELL VY, IELILGATILN NIDTOP PLATUER
1 SA 516 G 70 SE2L D X t33 7/8O PAPLLAAR
2 2A M6& 1R. 70 O314 1"( X 224 1/2 LE X U32 102 [10 CYL]7ER (MY LE.E M SO1D SEE AS E495EE 5) (EE 1N5TE 35)
3 3 IA 516 GR. 70 ETVEN VECL 1/2 1HI, X 54 1/4 LDE X 30 76 U•. A MER (SEE NOTE 5)

4 ]EBLI•E Am[AL 26 3/4 1H.RgA [-
5 ] Ab1 6,7 E SETAL SHELL 1/4 THIK X 68 3/8 DJ 15/8 LU5, CYULINER •

6 SA 516 GR. 70 LID BUOTTOM PLATE 1 114 IN , A 111- ! nALA ;

7 F SA 516 (i 70 L 1 JHK, X 10 (BE X
4I 3ZAL PLATE 1 1/4 THN. X 2 / WJIE X 21/2 LE. PLATE

S4 LSAED 1DRA 31/4-4 GK, X 16LAIL LL (SEE O,6 1561 Sl 4)

17 SA -6R. 70 TIt E P PLA[E .L TCK, ( INN O NAYTE USED INT 4O XA

ARf TOA !- A! 1 E4WMI ~LHILV

19 16 SA-515-70 LE D TOP PLATE 2 Til. X 26 0E PLXTE (7LE NOTE 4)
I 4 S 6-•70 INLET VENT HDR[I•NTAL PLATE 2 THK X L6 L/2 WIDE X 30 7/16 LG. PLATE (SEE MET. DV6, M SHT, 3)

12 8 U" 70& r,, EX]T VENT VERTICAL FLA7E 1 /2 THK X 5, 1/4 VIDE X 3D 7/16 APPR[w, Us PLATE

_20- 1 SA 516 G5 70
1 

1ER7'ALPLATE 3/4 THK. X ID WIF X 9 3/4 FRLAFOX. 4i. PM E
14 4 SA 51CR,. 70 PEDESAL PLATE 13/4 1-K. X 27 1 IDE X 24 1/2 LG. TE

15 4 SA 194 EH TOP LID NUT 3 1/4 - 4 UNC HEAVY HEX NUT

16 4 L[ 39/7 LID STLD 3 YA4- 4 MLP X L6 LLAS (SEE LES.E161, SHT H

274 1 3R EA PTAN PLAR 5 X 5 X 6 ANCHER BLOCK V/ 3 1/4 - 4 UNC X 5 LoG HOLE IN CEATERI

o• SA 3R Lr E (QU 91UND BAR MAY BE USED IN LIEU OF 5 X 5 SQUARE IAR)
19 4 SN P•EDESTAL PLUJGS • -DUNE X LMNM-H AS MgUIREUI SET •RErW-

SA 515 W4 OR CHANNELD 3/1/ T 6 X 4 VIDEX 170 CN 8 LXi CHANNEL (SEE OETAIL 1495 SH 5) TjALVNNIZ FOR CPE)

29 -5 S- 4 IEP'TE

RING ]/4 Im X "3 '• 2A X UN/k lpL•
20 S 36 ( 7 SIEL 6 RNG (NAY BE NAPE AGAN HDE HhN POREDE)

•l EN•RIE PFBrSTAL S14[ILD T77" THK.PLATFDR14
22} CDNORE• LTD SHIELD 10 1/2 ]HK, 1OP SHIELD

23 SA C/ OR. 7/S LPEDPESTAL PLATE 1/2' TlHK X 67 7/8 2L

NOT S AM3iR7
1)4 TH CONCRET MOATEpRIrAL IS O MDTRHE5 RUIREMENTS S/ PECIIED OIN AP•NUrPLENDIX S 1.DF THSER HI-STRMK 00SA

DO C MR F PLATES 7I M0S (A TATES RIEONAL)

2 H4 C IN THE REQAL MADETERAL PAFORM MUST HAVETOERANCES M LP OEETING THE APLIABLESS SPCIICATNON.

)5 IT CrSNCRETE A imL RE NOTE N TCK.
2 1 IA 516 Oll, 71)

4) sA OPT I 70 SHIELM S CK SHELL 1. lO C E6 C.I . CYLAINER X 8T HIGH ( PAY TAKE AUT 1F 26' THAN L PIECE
IA M1 GR. 110

57 I OR A 0O M T SH]ELL TICKNES•SE MY K X 64 0.1 CYLINGER X 81 HIGH ( NAY NKE LUT OF 1OE 7HAN I PIECE)

29 • 40 04 •TRAGE HARtING U4N ULt 45IE 15/1 IHK. ) X 4 WID]E X III Lb., SHEET

•0 4 C/S OR S/S LID PLUGS t1"-6CX L L/2r' •p l•'T OR I I/r'-ILN X E' L5 SET.SCrR'V

NDTES,

1) THE CONCRETE MATERIAL IS TO MEET THE REQUIREMENTS SPECIFIED IN APPENDIX IX OF THE HI-STORM 100 FSAR
DOCKET NUMBER 72-:1014 (LATEST REVISION).

2•) ALL DIMENSIONS IDENTIFIED ON BM-1575 ARE APPROXIMATE DIMENSIONS EXCEPT THICKNESSES 13F STEEL PLATES

VHICH IN THE RAW MATERIAL FORM*MUST HAVE TOLERANCES MEETING THE APPLICABLE SPECIFICATION.

13) ITEMS VITH A a CONDI])ERE]D NO7 TO BE NF CLASS.3 (NON STRUCTURAL).
4) AS AN OPTION, ITEMS IOA & 101B CAN -BE COMBINEI) AS A SINGLE 4-" THICK PLATE AT 126" 0 WITH

SAME SIZE THRU HOLES FOR LID.STUDS AS ITEM 10A,
A 5) INNER AND OUTER SHELL THICKNESSES MAY BOTH BE CHANGED TO I-INCH TIKIN LIEU OF 1 1/4' AND

3/4" RESPECTIVELY. IF EITHER THE INNER OR 13UTER SHELL "THICKNESS IS CHANGED TO I-INCH, THEN

BOTH SHALL BE I-INCH THICK.
G\DRA•INGS\tO24\B--1575-1R19
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BM-1575 (EID 2836)) BILL OF MATERIAL FOR Hi-STORM (DWG, 1495, 1561) SHT 2 OF 2

REV. .SUMMARY OF CHANGES/ PREP, APPROVAL VIR #
AFFECTED E,C.O.s BY,: DATEE:

13 . INCORPORATED EC..O#.: 1024-47 S.L.C 2/27/02 72710

14 INCORPORATED E,C,O.:#' 1024-50 S.L.C 5/7/02 19678

15 INCORPORATED E.C.O,#: 1024-54 S&L.C 6/20/02 89834

16 INCORPORATED E.C.O#: 1024-56 S.L.C .6/21/02 14060

17 INCORPORATED E.CO.#: 1024-55 S.L.C 6/25/02 96106

18 INCORPORATED .CDI#:. 1024-65 S.L.C 12/20/02 14428

19 INCORPORATED E.C.D0,#: 1024-77 S.L.C 8/7/03 69857

ITEM QTY. SPECIFICATION NOMENCLATURE DESCRIPTION
31 DELETED ....
32 4 ISA 240 304 EXiT VENT SCREEN SHEET -16 GAGE (0.0595 THK, ) X 1/4 WIDE X 40 LG, SHEET
33 4 ISA 240 304 EXIT VENT SCREEN FRAME 16 GAGE (0,0595 THK.

16 WIDE X 212 LG, 6 X 6 MESH 0.20 WIRE 0 0,147 WIDTH OPEN FROM
34 1 COMMERCIAL SCREEN . McMASTER-CARR I01 PAGE# 2521 ITEM#.9220T67 CUT AS NECESSARY OR EQUIVALENT

35 4 I SA 240 304 INLET VENT SCREEN FRAME 16 GAGE (0,0595 THK.

36 2 COMMERCIAL THERMOCOUPLE OR RTD 1/8 0 SHEATH WITH TEMPERATURE ELEMENT (BY USER).

37 16 1 SA240-304 GAMMA SHIELD CROSS PLATE 1/4 THK X 2.75 X 24
38 4 1 SA240-304 GAMMA' SHIELD CROSS PLATE 1/4 THK X 24 X 24 5/8
39 24 1 SA240-304 CROSS PLATE TABS . .075 THK X 1/4 X2 1/2
40 8 1 SA240-304 GAMMA SHIELD CROSS PLATE 1/4 THK X 14 5/8 X 24
41 16 SA240-304 GAMMA SHIELD CROSS PLATE 1/4 THK X 3.09 X 24 .

42 C/S OR S/S DRAIN PIPE " " 3/4 SCH 160 PIPE x 11 1/2 LG
43 8 SA240-304 GAMMA SHIELD CROSS PLATE 1/4 THK X 5.09 X 17.1/4
44 2 316 SS COMPRESSION FITTING. 1/8' X 1/4 NPT MALE PASS THRU COMPRESSION FITTING (OPTIONAL)

45 2 CAST IRON PROTECTION HEAD 1/2 NPT X 1/2 NPT (OPTIONAL)
46 2 304 SS BUSHING 1. " 1/4 X 1/2 NPT (OPTIONAL)
47 2 304 SS COUPLING 1/2 NPT COUPLING W/ MOUNTING STUD 1/2 DIA X 3' LG, (OPTIONAL)
48- 2 -304 SS HEX NIPPLE 1/2 X.1/2 NPT HEX NIPPLE (OPTIONAL) .,

49 2 304 SS CONNECTION 112 NPT CONDUIT CONNECTION (OPTIONAL)
50 28 S/S SCREW 0. 1/4' X LENGTH AS REQUIRED.
51 4 S/S WASHER 1/2' MIN, THK. X 3 1/2' 1.) X 8' MIN. 0.D.
52 96 A36 CHANNEL MOUNTS . 7116" I".X i 24' LNG.
53 4 C/S SHIMS 'THK X 3' LONG X 2' HIGH

54 4 S/S BAR INLET SCREEN BASE 112' X I' X 24 3/32' LG. BAR
55 8] S/S BAR INLET SCREEN BASE 112' X 1' X 15' L&, BAR,
56 1 SA516 GR. 70 SHEAR RING 34' THK. X 73 1/2' ID. X 108' O,D, PLATE (CUT IN FOUR PIECES)
57 2 SA516 GR. 70

OR SA515 GR: 70 GROUNDING BLOCK.. 1/2' THK. X 2'. WIDE X 4' LONG

58 16 SA516 GR, 70 EXITVENT FRAME LEG 3/8' THK,. X I' WIDE X 6 1/2' LG. (CUT AS REQUIRED)

59 8 SA516 OR. 70 EXITVENT FRAME TlP 3/8' THK. X 1' WIDE X 28 1/4' L&. (CUT AS REQUIRED)
16 SA516 GR. 70 INLETVENI FRAME LEG 3/8' THK. X I' WIDE X 12' .LG. (CUT AS REQUIRED)

61 8 I SA516 GR, 70 INLETVENT FRAME TOP 3/8' THK. X-I' WIDE X 18 3/4' LG..(CUT AS REQUIRED)
4 EXIT SCREEN BASE /18' THK. X 1/2' WIDE X 32 5/16' LG,

63 9 j./.R EXIT SCREEN BAS /8" THK. X 1/2' WIDE X 10' LG,
64 4 8A516 GR. 70 RADIAL WELD PLATE 3/4' THK. X. 6' WIDE X 27 1/2' LG. (OPTIONAL)
65 -1 C/S . HEAT SHIELD RING 3/8' THK. X i' WIDE X 69' O.D. (CAN BE MADE FROM MULTIPLE PIECES)
66 i 1 C/S HEAT SHIELD 14 GAGE (.0747 THK.) X 68' O0D.

GM"M!,SI024\14M002

HOTOOM 100 FSAR Rio 6: Flbary 7,2000



BM-1880 (EI,., 3002) BILL OF MATERIAL FOR 125 TON HI-TRAC (DVG. 1880) SHT. I OF 2
SUMMARY OF CHANGES/

REV. NO, AFFECTED ECO5 PREP BY APPROVAL DATE: VIRs

INCORPORATED HEO 1025-35,
15, 12, 8, 6 1 5, T.F.0,, 11/30/01 70889

ITEM QTY, SPECIFICATION NOMENCLATURE DESCRIPTION
I 1 ASTM. B 29 RADIAL LEAD SHIELD 113 CU, FT, COMMON LEAD. APPROX, .
2 1 SA 516 GR, 70 OUTER SHELL I THKI X 81.25 O0D. X 184,75 L6, CYLINDER
3 1 SA 516 GR. 70 INNER SHELL 0,75 THK. X 68.75 ID, X 184.75 LG, CYLINDER
4 - - DELETED
4A - - DELETED
4B DELETED "

5 -_- DELETED
5A - - ".DELETED .

6A 2 SA 516 GR. 70 WATER JACKET END PLATE 1 THK; X 94.625 ODl. X 81.25 IDI X 141° (APP)
(MAY BE MADE FROM MORE THAN 1 PIECE)

613 1 SA 516 GR70 WATER JACKET END PLATE I THK, X 94.625 OD, X 81.25 ID. RING
(MAY BE MADE FROM MORE THAN I PIECE)

7 1 SA 350 LF3 TOP FLANGE 4,5 THK. X 8125 OD, X 68,75 I.D. RING
8 1 SA 516 GR, 70 LOWER WATER JACKET SHELL 0.5 THK, X. 86.25 OD, X 6 LG. CYLINDER

9 1 SA 516 CR. 709 1 OR SA 350 .RLF3 BOTTOM FLANGE 2 THK, X 93 O,D. X 68,75 ID,.
SA 516 GR. 70

10 1 OR SA 203-E POOL LID OUTER RING 3.5 THK. X 93,75 OD. X 75 I,0, RING
OR SA 350 LF3

11 1 SA 516 GR, 70 POOL LID TOP PLATE 2 THK, X 93 0 PLATE
12 1 ASTM B 29 POOL LID LEAD SHIELD 6,39 CU, FT, COMMON LEAD APPROX.
13 1 SA 516 GR. 70 TOP *LID OUTER RING 0,5 THK. X 71.875 OD. X 3.25 LG. *CYLINDER
14 1 SA 516 GR. 70 TOP LID INNER RING 0.5 THK. X 29 O0D, X 3.25 LG, CYLINDER
15 1 SA 516 CR, 70/ TOP LID TOP PLATER 0,5 THK. X 71375 OD., X 28.5 L.DC RING
16 1 SA 516 GR. 70 TOP LID BOTTOM PLATE 1.0 THK. X 81.25 OID. X 27 lID. RING
17 1 HOLTITE TOP LID SHIELDING 5.41 CU. FT, APPROX,
18 8 S A .516/ GR, 70 FILL PORTIIIRLUGS 3 1/4'LG. X 2 7/8' 0 CYLINDER (MAYBE MADE OF

18 8 16. 7U MULTIPLE, UNATTACHED PIECES)

24I 1-8 UNC X 4. 3/8 LG, STUDS (4 3/8 FULL LENGTH1 24 SA 19 3ý TOP.LDSU1A1 8 PI STHREAD WITH WRENCH FLAT AT ONE'END)

20 24 . SA 194 2H TOP LID NUT 1-8 UNC HEAVY HEX WITH WASHER
21 1 ELASTOMER POOL LID GASKET 0.5 THK. X 87.25 .DI. X .85,75 ID. COMMERCIAL

22 36 SA 193 B7 .. POOI'L D BOLT I 1 - 8 UNC X 3.125 LG, HEX.:BOLTS X 1.25 MIN2-.. THREAD LENGTH W/WASHER
NOTE: 1) ALL SA-350-LF3 MATERIAL MAY BE REPLACED BY SA-203-E.

2) ALL DIMENSIONS ARE FOR REFERENCE ONLY,
A3) FOR ITEM 18, SA 516 GR,70 MAY BE REPLACED WITH

.. SA-203-E OR SA-350-LF 3 OR EQUIVALENT.
. . :\DRAWINGS\1025'TRNSFER\BM1880-1,R9
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BM-1880 (,,D 3003) BILL OF MATERLAL FOR 125 TON HJ-TRAC (PWG, 1880) SHT, 2. SF 2
SUMMARY. OF CHANGES/ PREP BY: APPRUVAL BATE: VIRN:

REV, NO. AFFECTED ECLs PREP BY: APPROV LDATE_____

INCORPORATED ECI 1025-35,
20, 13, 8 & 5,. T,FO 11/30/01 22562

ITEM QTY. SPECIFICATION NOMENCLATURE " DESCRIPTION

23 12 SA 516 GR70 ENCLDSURE SHELL 0,5 THK, X 93,00 OD. X 168.75 LG, 30DEG, SHELL SEGMENTSPANEL

24 2 SA 350 LF3 LIFTING TRUNNION BLOCK 7.625 (APPROX) X 10 X 10
25 -- DELETED
26 2 SB 637 N07718 LIFTING TRUNNION 6.25 0 X 925 LG. BAR
27 2 SA 516 GR. 70 LIFTING TRUNNION. END CAP 0.5 THK. X 6.25 0 PLATE
28 4 SA 193 B7 END CAP B3OLTS i0.5 - 13 UNC X ! LG, WITH 5/8 LG THREAD
29 2 SA 350 LF3 POCKET TRUNNION 12.375 X 13 X 12.5 BLIOCK
30 1 SA 106 DRAIN PIPE 1 SHC. 80 X 7 (APPROX.) LG. PIPE'

h\ 31 12 SA 516 GR,70 RADIAL RIB 1.25 THK. X 5.361 W X 168,75 LG.
32 1 SA 193 B7 DRAINI BOLT I - 8UNC X 1.75 LG, SOCKET SET SCREW
33 -- DELETED
34 2 SA 516 GR, 70 WATER JACKET END PLATE 1 THK, X 94.625 U]D. X 81.25 ID,, X 390 (APP)
35 -- DELETED :

36 1 SA 516 GR, 70 POOL :LID BOTTOM .PLATE 1 THK. X 77 0 PLATE
37 1 COMMERCIAL VENT COUPLING 1 1/2-3000 kb SCREWED HALF COUPLING (OR SIMILAR)
38 1 COMMERCIAL VENT PLUG 1 1/2-3000 Lb SCREWED HEXAGON HEAD PLUG (OR SIMILAR)

h 39 2 COMMERCIAL PRESSURE I RELIEF COUPLING 2-3000. Lb SCREWED HALF .COUPLING (OR SIMILAR)
j 40 2 COMMERCIAL PRESSURE RELIEF VALVE MEDIUM PRESSURE POP VALVE (OR SIMILAR)

41 1 SA 106 JACKET DRAIN PIPE 1 1/2 SCH. 40 X 5 LG, PIPE
h\ 42 1 COMMERCIAL JACKET DRAIN VALVE 1 1/2 NONRISING STEM GATE VALVE (OR SIMILAR)

43 4 C/S OR S/S HOLE. PLUGS I N/A
44 4 SA 516 GR. 70 TOP LID LIFTING BLOCK 1.5 SO, X 3,25 LG, BLOCK

A 45 -- . DELETED --

46 DELETED

h\ 47 4 SA 516 GR,70 SHORT RIB 0.5 THK. X 6.688" W X 4125 LG.
L G:\DRAWINGS\1025\TRNSFER\BM1880-2,R7
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BM-1928 (E,I,D. 3001) BILL OF MATERIAL FOR 125 TON HI-TRAC TRANSFER LID (DWG, 1928)
REV. NO. SUMMARY OF CHANGES/AFFECTED ECOs PREP BY: APPROVAL DATE. VIRN:

INCORPORATED ECO 1025-35, T.F.,. 11/30/01 ..87422
10 10, 8, 6, 4.

ITEM QTY, SPECIFICATION NOMENCLATURE. DESCRIPTION
1 1 SA 516 GR. 70 LID TOP PLATE. 1,5 THK, X 93.5 WIDE X 128 LG. PLATE
2 1 SA 516 GR, 70 LID BOTTOM PLATE 2 THK, X 93,5 WIDE X 128 LG. PLATE
3 2 SA 516 GR. 70 LID INTERMEDIATE PLATE 1.5 THK, X 8.625 WIDE X 132 LG. PLATE
4 2 SA 516 GR. 70 LEAD COVER PLATE I THK. X 8,625 WIDE X 78 LG. PLATE
5 8 SA 516 GR. 70 LEAD COVER SIDE PLATE 1 THK, X 4.5 WIDE X 8,625 LG, PLATE
6 1 ASTM B 29 SIDE LEAD SHIELD 2.65 (APPROX.) CU, FT.
7 2 SA 36 WHEEL TRACK 0,25 THK. X 1 X 1 .X 128 LG, ANGLE
8 2 SA 516 GR. 70 DOOR TOP PLATE 2 1/4 THK.. X 47 WIDE X 80 LG. PLATE (CUT AS NECESSARY)
9 2 ASTM B 29 DOOR LEAD SHIELD 2.9 (APPROX,) CU, FT.
10 2 SA 516 GR, 70 DOOR MIDDLE PLATE 1/2 THK. .X 47 WIDE X 65 LG. PLATE (CUT AS NECESSARY)
11 2 HOLTITE DOOR SHIELDING 3,65 (APPROX.) CU,. FT,
12 2 SA 516 GR. 70 DOOR BOTTOM PLATE 3/4 THK, X 47 WIDE X 65 L-G PLATE (CUT AS NECESSARY)
13 4 SA 516-70 DOOR WHEEL HOUSING 17/8 THK. X 6 WIDE X 25 LG, PLATE
14 2 SA 516 GR, 70 DOOR INTERFACE PLATE 1 THK, X. 3 7/8 WIDE X 80 LG, PLATE
15 2 SA 516 GR, 70 DOOR SIDE PLATE 1 THK, X 5.75 WIDE X 65 LG. PLATE
15A 4 SA 516 GR. 70 DOOR SIDE PLATE 1 THK. X 5.75 WIDE X 65 LG. PLATE
16 4 SA 516 GR. 70 DOOR SIDE PLATE 1 THK. X 5.75 WIDE X 32.625 APPROX, LG. PLATE

17 2 C/S OR S/S DOOR HANDLE. 3/4-IOUNC EYE BOLT
18 12 COMMERCIAL DOOR WHEEL 6 X 3 V7GROOVE WHEEL.
19 12 SA 193-B7 WHEEL SHAFT - .25-7UNC (1,25' THREAD LENGTH) X 6.625 LG, BAR WITH

SCREWDRIVER SLOT FOR INSTALLATION AT UNTHREADED END,
20 DELETED
21 2 SA 516 GR. 70 LID HOUSING STIFFENER 1 THK. X 3.5 WIDE X 8.625 LG, PLATE
22 4 SA 193 B7 DOOR LOCK BOLT 3 - 4 UNC X 11,25' LG. HEX, BOLTS W/ 1.5 LG, THREADED

AT END
23 4 SA 516 GR, 70 DOOR STOP BLOCK 2 THK. X 2 WIDE X 8 LG, BLOCK
24 8 SA 193 B7 DOOR STOP BLOCK BOLT 1 - 8 UNC X 3 LG, BOLT W/ 2.5 LG, THREADED AT END
25 2 SA 516 GR. 70 DOOR END PLATE I THK. X 5.75 WIDE X 19 LG, PLATE
26 4 SA 516 GR. 70 LIFTING LUG 0,75 THK. X 3 WIDE X. 3,5 LG. PLATE
27 4 SA 516 GR. 70 LIFTING LUG PAD 0,5 THK. X 5 SQ. PLATE

NOTE:
1) ALL DIMENSIONS ARE APPROXIMATE.

••G:\DRAWINGS\1025\TRNSFER\BM-1928RIO
HI-STORM 100 FSAR RoVivn 6; F*bu"ry 7. 2008



BM-2145 (ELID, 3049) BILL 'OF MATERIAL FOR 100 TON HI-TRAC VWG,I 2!45) SHT, I OF 2
REV, NO. SUMMARY OF CHANGES/AFFECTEDECOs PREP BY: APPROVAL DATE: VIRe:

6. INCORPORATED ECO-I1026-28, 18, 8, T.F,O, 11/30/01 70563
7 5.

ITEM QTY, SPECIFICATION NOMENCLATURE DESCRIPTION
1 1 ASTM B 29 RADIAL LEAD SHIELD 71,15 CU. FT. COMMON LEAD APPROX,
2 1 SA 516 GR. 70 OUTER SHELL lTHK. X 78 O.D. X 184.75 LG. CYLINDER
3 1 SA 516 GR. 70 INNER SHELL 0.75 THK. X 68.75 ID, X 184.75 LG, CYLINDER
4 - DELETED -

A 4A - DELETED
A 4B I - DELETEDA 5 - DELETED

5A - DELETED
6A 2 SA-516 GR. 70 WATER JACKET END PLATE 1 THK. X 91 0.D, X 78 iB./ RING X 1320ý REF

(MAY BE MADE FROM MORE THAN I PIECE)

6B I SA 516 GR. 70 WATER JACKET END PLATE 1 THK., X 91 0,DI X 78 ID. RING (MAY BE MADE FROM MDRE THAN I PIECE)
7 1 SA 350 LF3 TOP FLANGE 4.5 THK, X 78,00 OD. X 68,75 I.D. RING
8 1 SA 516 GR. 70 LOWER WATER JACKET SHELL 1.25 THK..X 83.00 0.D0 X 6 LGI CYLINDER
9 1 SA 350 LF3, OR BOTTOM FLANGE 2 THK, X 89 OD. X 68.75 I.D.

SA 516 GR, 70
1A516 GR .70 OR

10 1 SA 203-E OR POOL LID OUTER RING 2O THK X 89-3/4 OD. X 75 I.D.
A350 LF3

11 1 SA 516 GR. 70 POOL LID TOP PLATE 2 THK. X 89 0
12 1 ASTM B 29 POOL LID LEAD SHIELD 3,84 CU FT APPROX. COMMON LEAD
13 DELETED
14 DELETED
15 --- DELETED
16 1 SA 516 GR. 70 TOP LID BOTTOM PLATE 1.0 THK, X 78.00 OD. X 27 I,D. RING
17 1 - SA 516. GR 70 POOL LID BOTTOM PLATE .5 THK -X 76.5 0

18 8 SA 516 CR. 70 FILL PORT PLUCS 3 1/4 LG. X 02 3/8 CYLINDER (MAYBE MADE OF MULTIPLE UNATTACHED•X 1 8 A 56 G, 7 FIL PFRT LUG• .PIECES)

1-8 UNC X 5 LG, STUD ( FULL LENGTH THREAD WITH WRENCH FLAT AT
19 24 SA 193 B7/ TOP LID STUD ONE END)

A 20 24 SA 194 2H TOP LID NUT 1-8 UNC HEAVY HEX WITH WASHER (3/16' MAXj OPTIONAL)
, 21 1 ELASTOMER POOL LID GASKET 0.5' THK. X 83,625 0,D. X 82,125 ID, COMMERCIAL

A 22 36 SA 193 B7 POOL LID BOLT l-8UNC X 3.125 LG. HEX BOLTS WITH 1.25' MIN THRD LENGTH W/WASHER
_(3/16' MAXj OPTIONAL)

23 -- DELETED
24 2 SA 350 LF3 LIFTING TRUNNION BLOCK 1.25 (APP) X 10 X 10
25 -- -DELETED --

NOTES: 1. ALL SA-350-LF3 MATERIAL MAY BE REPLACED BY SA-203-E.
2. ALL DIMENSIONS ARE FOR REFERENCE ONLY.

A\ C:\DRAWINCS\1026\HI-TRAC\BM2145-1plýT.RM IWOOFSARI



BM-2145 (E,I,D, 3050) BILL OF MATERIAL FUR 100 TUN HI-TRAC (DWG, 2145) SHTE 2 OF 2
REV, NO, SUMMARY OF CHANGES/AFFECTED ECOs PREP BY: APPROVAL DATE: VIR#:

5 INCORPORATED ECO-I026-10, 7 k 5. T. {F. 11/30/01 66474

ITEM QTY. SPECIFICATION NOMENCLATURE DESCRIPTION

26 2 SB 637 N0771Q LIFTING TRUNNION 6.25 0. X 9.25 LG. BAR
27 2 SA 516 GR. 70 LIFTING TRUNNION END CAP 0.5 THK, X 6,25 0 PLATE
28 4 SA 193 B7 END CAP BOLTS 0.5 - 13 UNC X I LG. WITH 5/8 MIN THREAD,
29 2 SA 350 LF3 REMOVABLE POCKET TRUNNION 3.9375 X 13 X 12,375 BLOCK
30 6 IA564-630 (H1100) DOWEL PINS 1 3/8' 0 BAR
31 1 SA 106 DRAIN PIPE I SCH 80 X 6 LG APPROX (CUT TO SUIT)
32 1 SA 193 B7 DRAIN BOLT i- 8UNC X 1,75 LG. SET SCREW
33 -- DELETED
34 2 SA 516 GR. 70 WATER JACKET END PLATE I THK, X 91 OD. X 78 ID. X 480 APP
35 -- DELETED:

A\ 36 10 SA 516 GR. 70 ENCLOSURE SHELL PANEL 0,375 THK, X 88,75 OED. X 168.75 LG, 36 DEG, SHELL SEGMENT
37 1 COMMERCIAL . •VENT COUPLING 1 1/2-3000 lb, SCREWED HALF COUPLING (OR SIMILAR)
38 1 COMMERCIAL VENT PLUG 1 1/2-3000 lb, SCREWED HEXAGON HEAD PLUG (OR SIMILAR)

A\ 39 2 COMMERCIAL PRESSURE RELIEF COUPLING 2"-3000 Lb. SCREWED HALF COUPLING (OR SIMILAR)
.40 2 COMMERCIAL PRESSURE RELIEF VALVE -MEDIUM PRESSURE POP VALVE (OR SIMILAR)
41 1 SA 106 JACKET DRAIN PIPE 1 1/2 SCH. 40 X 5 LG, PIPE

A\Ž 42 1 COMMERCIAL .JACKET DRAIN VALVE 1 1/2 NONRISING STEM GATE VALVE (OR SIMILAR)
43 4 C/S OR S/S HOLE PLUGS N/A

A 44 10 SA 516 GR. 70 RADIAL RIB 1.25 THK, X 168.75 LG. X. 5 WIDE
, 45 4 SA 516 GR. 70 SHORT RIB 0,5 THK. X 4.125 LG. X 5,375 WIDE

46 . . DELETED ---
47 2 SA 350-LF3 POCKET TRUNNION BASE 8;03 X 13 X 12,375
48 4 SA564-630 POCKET. TRUNNION. BOLTS 1-8 UNC X. 6,25 WITH 2,3125' MIN LG THREAD

(H11O0)

A\ 49 DELETED

G:\DRAWINGS\iO26\HI-TRAC\BM2145-2R5
HI-STORM 100 FSAR Revtion 6: F6býqy 7, 2008



BM-2152 BILL OF MATERIAL FOR 100 TON HI-TRAC TRANSFER LID (D\ýG, 2152)
REV. NO, SUMMARY OF CHANGES/ PREP BY: APPROVAL DATE: VIR#,AFFECTED ECOs

8 INCORPORATED EC]-1026-28, 19, 15, 14, T.FO 11/30/01 71621
10, 8 & 4.

ITEM QTY. SPECIFICATION NOMENCLATURE DESCRIPTION
I I SA 516 GR, 70. LID TOP PLATE . 1.5 THK. X 89.5 WIDE X 128 LG. PLATE
2 3 SA 516. GR. 70 LID.BOTRME.PLATE P 112 THK. X 89.5 WIDE. X 128 LG..PLATE

A 2 1 SA 516 GR.. 70- LID INTERMEDIATE PLATE 15 1/ THK. X .8.625 WIDE X 132 LG. PLATE
A 4 2 SA 516 GR, 70 LEAD COVER PLATE t THK. X 8.625 WIDE X .78 LG, PLATE

5 8 SA 516 GR, 70 LEAD COVER SIDE PLATE 1- THK, XI 2.5 WIDE X 8,625 LG. PLATE
6 1 ASTM B 89 SIDE LEAD SHIELD 1,136 APPROX. CU. FT.

A 7 8 SA 36 WHEEL TRACK .. 0.25 THK. X 1.0 X 1.0 X 128 LG. ANGLE
8 2 SA 516 GR. 70 DOOR. TOP PLATE 2,25 THK. X 47 WIDE X 80 LG, (CUT AS NECESSARY)
9 2 ASTM B 29 DOOR LEAD SHIELD 2.04 APPROX CU. FT..
10 -- DELETED - - -

11 -- DELETED ---
12 2 SA 516 GR. 70 DOOR BOTTOM PLATE 1/2 THK. X. 44.5 WIDE X 65 LGP. PLATE (CUT AS NECESSARY)
13 4 SA 516 GR 70, DOOR WHEEL HOUSING -1 7/8 THK. X 6 WIDE X 25 LG,
14 2 SA 516 GR. 70 DOOR. INTERFACE PLATE 1 THK, X 3 3/4 WIDE X 80 LG. PLATE

A 15 2 SA 516 PR. 70 DOOR SIDE PLATE .THK, X 5,75 WIDE X 65 LG, PLATE
15A 4 SA 516 GR, 70 DOOR SIDE PLATE I 1 THK, X 5.75 WIDE X 65 LG, PLATE
16 4 SA 516 GR. 70 DOOR. SIDE PLIATE I THK, X 2 WIDE X 29 APPROX. LG. PLATE
17 2 C/SOR S/S DOOR HANDLE " 3/4-1OUNC EYE BOLT

18 12 COMMERCIAL DPOR WHEEL, 6 X 3 V-GRPUVE WHEEL
19 12 SA 193 B7 WHEEL SHAFT 1.25-7UNC (1.25 THREADP LENGTH) X 6.625 LG. BAR WITH

SCREWDRIVER SLOT FOR INSTALLATION AT UNTHREADED ENDP
20 -- DELETED P -. .

. I 21 2 SA 516 GR. 70 LID HO]USING STIFFENER 1 THK. X 1.5 WIDE X 8.625 LG, PLATE
3 - 4 UNC X 11.25 LP, HEX. BOLTS W/ 1.5 LG, THREADED

22 4 SA 193 B7 IDOOR LUCK BOLT AT END

23 4 SA 516 GR. 70 DOOR STOP BLOCK 2 THK. X 2 WIDE X 8 LG. BLOCK
24 8 SA 193 87 DOPR STOP BLOCK BOLT 1 - 8 UNC X 3 LG. BOLT W/ 2.5 LG, THREADED AT END
25 2 SA 516 GR. 70 IDOR END PLATE 1 THK. X 2 WIDE X 24 LG. PLATE
26 4 SA 516 GR. 70 LIFTING LUG 0.75 THK, X 3 WIDE X 3.5 LG. PLATE
27 4 SA 516 GR. 70 LIFTING LUG PAD 0.5 THK, X 5 SOD PLATE
28 1 CARBON STEEL TOP PLATE EXTENSION 1 1/2' THK. X 5.75' WIDE X 89 LG. PLATE
29 2 CARBON STEEL AIR HPSE GUIDE 2" X 2" S0 TUBE W/ 1/4' THK. WALL

NOTES:
1) ALL DIMENSIONS ARE APPROXIMATE.

A@\DRAWIINGS\1026\HI-TRAC\BM2152R8
HI-STORM 400 FSAR Rovison 6: February 7. 20



LICENSING DRAWING PACKAGE COVER SHEET
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SHEET I DESCRIPTION
1 fCOVER SHEET

2 ASSEMBLY DRAWING AND BILL OP MATERIALS

3 - OVERALL DIMENSIONS

4 POOL UD ASSEMBLY

5 BASE PLATE ASSEMBLY

OUTER SHELL ASSMBLY

V TOP FLANGE ASSEMBLY

a TRUNNION AND INNER SHELL ASSEMBLY

9 WATER JACKET SHELL ASSEMBLY

10 TOP UD ASSEMBLY

II OPTIONAL RADIAL RIB DESIGN

12 OPTONAL BOTTOM FLANGE DESIGN
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______ _I.

____I

REV AFFECTED DRAWING SUMMARY OF CHANGES/ PREPARED APPROVAL
SHEET NUMBERS AFFECTED ECOs BY DATE

0 INDITALISSUE 1025-S36 DAI 11/1551" 37568

ALL , .1025-3 REV. I S.CAIN [ 52 47339

2 SHEETS9& 11 1025-40, REV. 0 S.CAIN 10212 81264

3 SHEET4 =542,B REV. 0 sDCAJN 12111102 40539

4 SHEETS 4 & 9 1025-44. REV. 0. 1025-45, REV. 0 . SCA.N - 5/16J03 65098

5 SHEETS 1. 10 a12 1025.46 S.CAIN .12,03 59183

6 SHEETSSAB 1025-A, R., S D.6Buer 10/0,514 28534

7 SHEET 6 l2S-4, R-.0 D.LB.tr 051105 35646

THEVALIDATINIDENTIRCATION RECOD \IR NUIMBER IS A LOIPUTER G ENERATED RANDOM NDUMBER WHICH
CONFIRMS THAT ALL APPRIIP)IATE REVIEWS ElF THIS DRAWTNG ARE 0/X)C.MENTED IN CONMPANIVS NETWORK.

C

F
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NOTES:

1. THE EQUIPMENT DOCUMENTED IN THIS DRAWING PACKAGE HAS BEEN
CONFIRMED BY HOLTEC INTERNATIONAL TO COMPLY WITH THE SAFETY
ANALYSES DESCRIBED IN THE HI-STORM FSAR.

2. DIMENSIONAL TOLERANCES ON THIS DRAWING ARE PROVIDED SOLELY FOR
LICENSING PURPOSES TO DEFINE REASONABLE LIMITS ON THE NOMINAL
DIMENSIONS USED IN LICENSING WORK. HARDWARE IS FABRICATED IN
ACCORDANCE WITH THE DESIGN DRAWINGS, WHICH HAVE MORE RESTRICTIVE

* TOLERANCES, TO ENSURE COMPONENT FIT-UP. DO NOT USE WORST-CASE
TOLERANCE STACK-UP FROM THIS DRAWING TO DETERMINE COMPONENT FIT-UP.

3. THE REVISION LEVEL OF EACH INDIVIDUAL SHEET IN THE PACKAGE IS THE
SAME AS THE REVISION LEVEL OF THIS COVER SHEET. A REVISION TO ANY
SHEET I IN THIS PACKAGE REQUIRES UPDATING OF REVISION NUMBERS

- OF ALL SHEETS TO THE NEXT REVISION NUMBER.

4. APPUCABLE CODES AND STANDARDS ARE DELINEATED IN FSAR SECTION 2.2.4.

5. ALL WELDS REQUIRE VISUAL EXAMINATION. ADDITIONAL NDE INSPECTIONS
ARE NOTED ON THE DRAWING. NDE TECHNIQUES AND ACCEPTANCE CRITERIA
ARE PROVIDED IN FSAR TABLE 9.1.4.

6. UNLESS OTHEWISE NOTED, FULL PENETRATION WELDS MAY BE MADE FROM EITHER
SIDE OF A COMPONENT.

7. THIS COMPONENT IS IMPORiANT-TO-SAFETY, CATEGORY A, BASED ON THE HIGHEST
CLASSIFICATION OF ANY SUBCOMPONENT. SUBCOMPONENT CLASSIFICATIONS ARE
PROVIDED ON THE DESIGN DRAWING.

8. ALL WELD SIZES ARE MINIMUMS EXCEPT AS ALLOWED BY APPLICABLE CODES AS
CLARIFIED IN THE FEAR. FABRICATOR MAY ADD WELDS WITH HOLTEC APPROVAL.
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OPTIONAL ATTACHMENT LUG/SUPPORT TAB
(WITH OR WITHOUT ATTACHMENT HOLE)

SA 516 NR. 70
(SEE NOTES 1AND 2 TIS SHEET)

WATERJACKET WELDMENT

NOTES:

1. OPTIONAL ATTACHMENT LUGISUPPORT TAB REPLACES LONG RIB PLATE ON SHEET 6,(4) REQUIRED
PER HI-TRAC ASSEMBLY.

2. WELDING INSTALLATON., INSPECTIONS AND PAINTING ARE IDENTICAL TO LONG RIB PLATE ON SHEET 6.

3. OPTIONAL WATER JACKET TOP PLATE AND WATER JACKET SHELL REPLACE UKE ITEMS ON SHEETS 6 AND 9.

4. WELDING INSTALLATION, INSPECTIONS AND PAINTING ARE IDENTICAL TO CALL-OUTS ON SHEETS 6 AND 9.

HOLTEC
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OPTIONAL WATER JACKET SHELL
ITGA 515 GR. 70 OR SA 516 GR070
(SEE NOTES 3 AND 4 THIS SHEETI
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CLIENT LICENSING DRAWING PACKAGE COVER SHEETGENERAL

PROJECT NO. 1024 P.O. NO. N/A
•IREVISION LOG

IT1IS MANDATORY AT EACII REVISION TO COMPLETE THE REVIEW & APPROVAL LOc STOREDIN HOLTEC'S
D11000I BE N:\PIOIXWINVWORIKING 1 )BAL BY ALL RELEVANT TECIINICAL DISCIPLINES. PM AND QA PERSONNEL.

EACII ATTACIIED DRAWING SIIIHET CONTAINS ANINOTATED TRIANGLES PEICATING TIlt REVISION T00T0E DRAWING,

LICENSING DRAWING PACKAGE CONTENTS-
LICENSING DRAWING PACKAGE CONTENTS:

SHEET DESCRIPTION

1 COVER SHEET

2 ASSEMBLY DRAWING

3 ASSEMBLY

4 BASE INLET ASSEMBLY

5 BASE INLET DETAILS

6 CASK BODY ASSEMBLY

7 CASK BODY DETAILS

8 CLOSURE LID ASSEMBLY

9 CLOSURE LID DETAILS

10 BASE INLET WELDS

I 1 CASK BODY WELDS

12 CLOSURE LID WELDS

13 GAMMA SHIELD SHIELD INLET & OUTLET ASSEMBLIES.

REV AFFECTED DRAWING SUMMARY OF CHANGES/ PREPARED APPROVAL. VIR#
SHEET NUMBERS AFFECTED ECOs BY DATE

12 SHEET9 1024-119 REV. 0 D.C.B. 040410 . 60064

13 SHEETS 2 , , &9 . 1024-121. REV.0. 1024-123, REV. 0 S.C o01s1 44522

14 SHEETS 2, 9. & 11 1024-126. REN. 0 MAP0 08016 30492
.15 SHEETS 7,8,9 024-1i. REV. 0 . .0 1907 84320

16 1S.EETS t8 R 1 .EV. a, AG OWTIo0 57608

17 SHEET I1 8024-131 REV: SLC 09I7M7 89982
18 SHEETS1.3.6&7 1024-141REV. 0 9.C.0. 011291 31729

C

I THE VAILIDATION IDENTIFICATION RECORD IVIRQNUMBER IS A COMIPUTER GENERATED RANDOM NUSIBER WHICH
CONFIIS TH0AT ALL APPROPRIATE REVIEW1 OF TIS DRAWING ADE DOCNUMESTED IN COMPANY'S N ETWORK. A-

I

B

I

NOTES:

1.'THE EQUIPMENT DOCUMENTED IN THIS DRAWING PACKAGE HAS BEEN
CONFIRMED BY HOLTEC INTERNATIONAL TO COMPLY WITH THE SAFETY
ANALYSES DESCRIBED IN THE HI-STORM FSAR.

2. DIMENSIONAL TOLERANCES ON THIS DRAWING ARE PROVIDED SOLELY
FOR LICENSING PURPOSES TO DEFINE REASONABLE LIMITS ON THE
NOMINAL DIMENSIONS USED IN LICENSING WORK. HARDWARE IS FABRICATED
IN ACCORDANCE WITH THE FABRICATION DRAWINGs, WHICH HAVE MORE
RESTRICTIVE TOLERANCES, TO ENSURE COMPONENT FIT-UP. DO NOT USE
WORST-CASE TOLERANCE STACK-UP FROM THIS DRAWING TO DETERMINE
COMPONENT FIT-UP.

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

4. APPLICABLE CODES AND STANDARDS ARE DELINEATED IN SECTION 2.2.4 OF THE FSAR.

5. ALL WELDS REQUIRE VISUAL EXAMINATION: ADDITIONAL NDE INSPECTIONS
ARE NOTED ON THE DRAWING IF REQUIRED. NDE TECHNIQUES AND ACCEPTANCE CRITERIA
ARE PROVIDED IN TABLE 9.1.4 OF THE FSAR.

6. UNLESS OTHEWISE NOTED, FULL PENETRATION WELDS MAY BE MADE FROM EITHER
SIDE OF A COMPONENT.

7. THIS COMPONENT IS IMPORTANT-TO-SAFETY. CATEGORY B, BASED ON THE HIGHEST
CLASSIFICATION OF ANY SUBCOMPONENT, SUBCOMPONENT CLASSIFICATIONS ARE
PROVIDED ON THE FABRICATION DRAWING.

8. ALL WELD SIZES ARE MINIMUMS EXCEPT AS ALLOWED BY APPLICABLE CODES AS
CLARIFIED IN THE FSAR. FABRICATORS MAY ADD WELDS WITH HOLTEC APPROVAL.

9. WELDS IDENTIFIED WITH AN # ARE CONSIDERED NON-NF WELDS. WELDS MAY BE MADE
USING PREQUALIFIED WELDS IN ACCORDANCE WITH AWS D1.1 OR PER ASME SECTION EL

10. THE 3/8D FILLET OR GROOVE WELD MAY BE APPLIED TO THE OUTER OR INNER DIAMETERS
OF THE OUTER SHELL THE WELD MAY BE APPLIED ALTERNATELY BETWEEN THE INNER & OUTER
DIAMETER PROVIDED ThERE IS AN OVERLAP OF THE INNER AND OUTER WELD.

A I. THE HI-STORM f10S VERSION B TYPE 185 IS ONLY APPROVED FOR STORAGE OF INDIAN POINT UNIT I FUEL.
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CLIENT GENERAL LICENSING DRAWING PACKAGE COVER SHEET

PROJECT NO. 1026 P.O. NO. N/A

D DRAWING A128 TTL 1
PACKAGE I.D. SHEETS 10

LICENSING DRAWING PACKAGE CONTENTS:

D

C

SHEET DESCRIPTION

I COVER SHEET

2 ASSEMBLY DRAWING AND BILL OF MATERIALS

3 OVERALL DIMENSIONS

4 POOL LID ASSEMBLY

5 BASE PLATE ASSEMBLY

6 OUTER SHELL ASSEMBLY

7 TOP FLANGE DETAILS
B TRUNNION AND INNER SHELL ASSEMBLY

9 WATER JACKET SHELL ASSEMBLY

IS TOP LID ASSEMBLY

.. REVISION LOG

AFFECTED DRAWING SUMMARY OF CHANGES/ PREPARED APPROVAL VIR#
REV SHEETNUMBERS AFFECTED ECOs BY" DATE

-0 INITIAL ISSUE 1026-30 - S.CAIN 8625/03 82748

1 ALL SHEETS 1026-31 T.F.O. 10/27/03 70107

2 SHEET4 . 1026-32 LEH 12117/03 86122
3 SHEET 5 & 8 " 1026-33 T.F.O, 3023104 30678
4 SHEET 6 1026-40 JJB 12130/05 62382

.5 SHEET4 1026-41 SLC 2115/06 61656

TIlE NAUDATIONSIDENTIFICATION RECORD IR)NUMBERISACOMPETESGENERATED RA MNDMUER WIRER

C .ONFIRMS THAT ALL APPROPRIATE R EI V oIF THIlS DRA WI NG A R C OMP UTE ENTRED RCO MPAND O NE TW1ORK.

C
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NOTES:

1. THE EQUIPMENT DOCUMENTED IN THIS DRAWING PACKAGE HAS BEEN
CONFIRMED BY HOLTEC INTERNATIONAL TO COMPLY WITH THE SAFETY
ANALYSES DESCRIBED IN THE HI-STORM FSAR.

2. DIMENSIONAL TOLERANCES ON THIS DRAWING ARE PROVIDED SOLELY FOR
LICENSING PURPOSES TO DEFINE REASONABLE LIMITS ON THE NOMINAL
DIMENSIONS USED IN LICENSING WORK. HARDWARE IS FABRICATED IN
ACCORDANCE WITH THE DESIGN DRAWINGS, WHICH HAVE MORE RESTRICTIVE
TOLERANCES, TO ENSURE COMPONENT FIT-UP. DO NOT USE WORST-CASE
TOLERANCE STACK-UP FROM THIS DRAWING TO DETERMINE COMPONENT FIT-UP.

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

4. APPLICABLE CODES AND STANDARDS ARE DELINEATED IN FSAR SECTION 2.2.4.

5. ALL WELDS REQUIRE VISUAL EXAMINATION. ADDITIONAL NDE INSPECTIONS
ARE NOTED ON THE DRAWING. NDE TECHNIQUES AND ACCEPTANCE CRITERIA

- ARE PROVIDED IN FSAR TABLE 9.1.4.

6. UNLESS OTNEWISE NOTED, FULL PENETRATION WELDS MAY BE MADE FROM EITHER
SIDE OF A COMPONENT.

7. THIS COMPONENT IS IMPORTANT-TO-SAFETY, CATEGORY A. BASED ON THE HIGHEST
CLASSIFICATION OF ANY SUBCOMPONENT. SUBCOMPONENT CLASSIFICATIONS ARE
PROVIDED ON THE DESIGN DRAWING.

8. ALL WELD SIZES ARE MINIMUMS EXCEPT AS ALLOWED BY APPLICABLE CODES AS
CLARIFIED IN THE FSAR. FABRICATOR MAY ADD WELDS WITH HOLTEC APPROVAL.
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APPENDIX 1.A: ALLOY X DESCRIPTION

L.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 Xis 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.'

I.A.2--Alloy X Common Material Properties . . . .

-Several material properties do nt. varignificaitly frnioiieAlloy X is-titueit-tothe-fiet.hse:
.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 Least Favorable Material Properties -,

The following material properties vary between the Alloy X constituents:

* Design Stress Intensity (Sm)
:.o. Tensile (Ultimate) Strength (Su) "

• Yield Strength (Sy)
* Coefficient of Thermal Expansion* (a)
- Coefficient of Thermal Conductivity-(k)":

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
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Each of these material properties are provided in the ASME Code Section II [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 1.2.2. Most-of the
above-mentioned properties become increasingly favorable as the temperature drops.
Conservatively, the values at the lowest design temperature for the HI-STORM 100 System have
been assumed to be equal to the lowest value stated in the ASME Code. The lone exception is the
thermal conductivity. The thermal conductivity decreases with the decreasing temperature. The
thermal conductivity value for -40°F is linearly extrapolated from the 70°F value using the difference
from 70'F to 100°F.

The Alloy X material properties are the minimum values of the group for the design stress intensity,
tensile strength, yield strength, and coefficient of thermal conductivity. Using minimum values of
design stress intensity is conservative because lower design stress intensities, lead to lower
allowables that are. based on design stress intensity. Similarly, using minimum values of tensile
.strength and yield strength is conservative because lower values oftensilestrength 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-I.A.5
provide a graphical representation of the varying material properties with temperature for the Alloy
-X materials.---------------- -----

1.A.4 References

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

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

. AlloyX• (minimum of
Temp. (°F) Type 304 Type 304LN Type 316 Type 316LN (onimumno

* constituent
___values)

-40 .20.0 20.0 .20.0 20.0 20.0

100 20.0 20.0 .20.0 20.0 20.0

200 20.0 20.0 20.0 20.0 20.0

300 20.0 20.0 .. 20.0 20.0 20.0

400 18.7 18.7 19.3 18.9 18.7

500 17.5 17.5 18.0 17.5 17.5

600 16.4 16.4 17.0 16.5 - 16.4

650 16.2 16.2 16.7 16.0 16.0

700 16.0 16.0 16.3 15.6 15.6

750 15.6 15.6 16.1 15.2 15.2

800 15.2 15.2 15.9 14.9 14.9

Notes:

1. Source: Table 2A on pages 314, 318, 326, and 330 of [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

Temp. (°F) Type 304 Type 304LN Type 316 Type 316LN (minimum of~constituent

values)

-40 75.0 (70.0) 75.0(70.0) 75.0 (70.0) 75.0 (70.0) 75.0 (70.0)

100 75.0 (70.0) 75.0 (.70.0) 75.0 (70.0) 75.0 (70.0) 75.0 (70.0)

200 71.0 (66.2) 71.0 (66.2) 75.0 (70.0). 75.0 (70.0) 71.0 (66.2)

300 66.0 (61.5) 66.0 (61.5) 73.4 (68.5) 70.9 (66.0) 66.0 (61.5)

400 64.4 (60.0) 64.4 (60.0) 71.8 (67.0) 67.1 (62.6) 64.4 (60.0)

500 63.5 (59.3) 63.5 (59.3) 71.8 (67.0) 64.6 (60.3) 63.5 (59.3)

600 63.5 (59.3) 63.5 (59.3) 71.8 (67.0) 63.1 (58.9) 63.1 (5.8.9)

650 63.5 (59.3) 63.5 (59.3) 71.8 (67.0) 62.8 (58.6) 62.8 (58.6)

700 63.5 (59.3) 63.5 (59.3) 71.8 (67.0) 62.5 (58.4) 62.5 (58.4)

750 63.1.(58.9) 63.1 (58.9) 71.4(66.5) 62.2 (58.1). 62.2 (58.1)

800 62.7 (58.5) 62.7 (58.5) 70.9 (66.2). 61.7 (57.6) 61.7 (57.6)

Notes:

I.. Source: Table U on pages 437, 439, 441, and 443 of[1.A. 1I

2. Units of tensile strength are ksi.

3. The ultimatestress of Alloy X is dependent on the product form of the material (i.e.,
forging vs. plate). Values in parentheses are based on SA-336 forged materials (type
F304, F304LN, F316, and F316LN), which are used solely for the one-piece construction
MPC lids. All other values correspond to SA-240 plate material.
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Table 1.A.3

ALLOY X AND CONSTITUENT YIELD STRESSES (Sy) vs. TEMPERATURE

Alloy X

Temp. (°F) Type 304 Type,304LN Type 316 Type 316LN. (minimum of~constituent

_ _values)

-40 30.0 30.0 30.0 30.0 30.0

100 30.0 30.0 30.0 30.0 30.0

200 25.0 25.0 25.8 25.5 25.0

300 .22.5 22.5 23.3 22.9 22.5

400 20.7 20.7 21.4 21.0 20.7

500 19.4 19.4 19.9 19.4 19.4

600 18.2 18.2 18.8 18.3 18.2

650 17.9 17.9 18.5 .17.8 17.8

700 17.7 17.7 18.1 173 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, anid 535 of [1.A.1].

2. Units of yield stress are ksi.
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Table 1.A.4

ALLOY X AND CONSTITUENT COEFFICIENT OF THERMAL EXPANSION
vs. TEMPERATURE

Type 304 Type 316
Temp. ('F) and and Alloy X Alloy X

Type 304LN Type 316LN Maximum Minimum

-40 8.55 8.54 8.55 8.54

100 8.55 8.54 8.55 8.54

150 8.67 8.64 8.67 8.64

200 8.79 8.76 8.79 8.76

250 8.90 8.88 8.90 8.88

300 9.00 8.97 9.00 8.97

350 9.10 9.11 9.11 9.10

400 9.19 9.21 9.21 9.19

450 9.28 9.32 9.32 9.28

500 9.37 9.42 9.42 .9.37

550 9.45 9.50 9.50 9.45

600 9.53 9.60 9.60 9.53'

650 9.61 9.69 9.69 9.61

700 9.69 9.76 9.76 9.69

750 9.76 9.81 9.81 9.76

800 9.82 9.90 9.90 9.82

Notes:

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

2. Units of coefficient of thermal expansion are in./in.-0 F x 10-6.
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Table 1.A.5

ALLOY X AND CONSTITUENT THERMAL CONDUCTIVITY vs. TEMPERATURE

Type 304 Type 316 Alloy X

Temp. (OF) • and and (minimum of

Type 304LN Type 316LN values)
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 11.310 10.5.

•650 11.6 10.7• 10.7

700 11.8 11.0 11.0

750 12.0 11.2

800 12.2 11.5 11.5

Notes:

1. Source: Table TCD on page 606 of [1.A.1].

2. Units of thermal conductivity are Btu/hr-ft-°F.
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DESIGN STRESS INTENSITY VS. TEMPERATURE
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TENSILE STRENGTH VS. TEMPERATURE
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YIELD STRESS VS. TEMPERATURE
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4.

COEFFICIENT OF THERMAL EXPANSION VS. TEMPERATURE
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THERMAL CONDUCTIVITY VS. TEMPERATURE
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APPENDIX 1.B: HOLTITE TM MATERIAL DATA

The information provided in this appendix describes the neutron absorber material, Holtite-A for the
purpose of confirming its suitability for use as a neutron shield material in spent fuel storage casks.
Holtite-A is one of the family of Holtite neutron shield materials denoted by the generic name
Holtite TM. It is currently the only solid neutron shield material approved for installation in the HI-
TRAC transfer cask. It is chemically identical to NS-4-FR which was originally developed by Bisco
Inc. and used for many years as a shield material with B4C or Pb added.

Holtite-A contains aluminum hydroxide (AI(OH) 3) in an epoxy resin binder. Aluminum hydroxide is
also known by the industrial trade name of aluminum tri-hydrate or ATH. ATH is often used
commercially as a fire-retardant. Holtite-A contains approximately 62% ATH supported in a typical
2-part epoxy resin as a binder. Holtite-A contains 1% (nominal) by weight B4C, a chemically inert
material added to enhance the neutron absorption property. Pertinent properties of Holtite-A are
listed in Table I .B.1l

The essential properties of Holtite-A are:

1. the hydrogen density (needed to thermalize neutrons),.

2. thermal stability, of the hydrogen density, and•

3. the uniformity in distribution of B4C needed to absorb the thermalized neutrons.

ATH and the resin binder contain nearly the same hydrogen density so that the hydrogen density of
themixture is not sensitive to the proportion of ATH and resin in the Holtite-A mixture.1 B4C is
added as a finely divided powder and does not settle out during the resin curing process. Once the
resin is cured (polymerized), the, ATH and B4C are physically retained in the hardened resin.
Qualification testing for B4C throughout a column of Holtite-A has confirmed that the B4 C is
uniformly distributed with no evidence of settling or non-uniformity. Furthermore, anexcess of B4C
is specified in•the Holtite-A mixingand pouring procedure as a precaution to assure that the B4 C

concentration is always adequate throughout the mixture.

The specific gravity specified in Table l.B.1 does not include an allowance for weight loss. The
specific gravity assumed in the shielding analysis includes a 4% reduction to conservatively account
for potential weight loss at the design temperatures listed in Table 1.B.1. or an inability to reach
theoretical density. Tests on the stability of Holtite-A were performed by Holtec International. The
results of the tests are summarized in Holtec Reports HI-2002396, "Holtite-A Development History
and Thermal Performance Data" and HI-2002420, "Results of Pre- and Post-Irradiation Test
Measurements." The information provided in these reports demonstrates that Holtite-ATM possesses
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the necessary thermal and radiation stability characteristics to function as a reliable shielding
material in the HI-TRAC transfer cask.

The Holtite-A is encapsulated in the HI-TRAC transfer cask lid and, therefore, should experience a
very small weight reduction during the design life of the cask. The data and test results confirm that
Holtite-A remains stable under design thermal and radiation conditions, the material properties meet
or exceed that assumed in the shielding analysis, and the B4C remains uniformly distributed with no
evidence of settling or non-uniformity.

Based on the information described above, Holtite-A meets all of the requirements for an acceptable
neutron shield material.
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Table I.B.1

REFERENCE PROPERTIES OF HOLTITE-A NEUTRON SHIELD MATERIAL

PHYSICAL PROPERTIES
% ATH 62 nominal
Specific Gravity 1.68 g/cc nominal
Max. Continuous Operating Temperature 300'F
Max. Short-Term Operating Temperature 350'F (Note 1)
Hydrogen Density 0.096 g/cc minimum
RadiationResistance Excellent
CHEMICAL PROPERTIES (Nominal) ___

wt% Aluminum 21.5
wt% Hydrogen 6.0
wt% Carbon 27.7
wt% Oxygen 42.8
wt% Nitrogen 2.0
wt% 134C 1.0

NOTES:

1. As defined in Section 2.2, all operations involving the HI-TRAC transfer cask are short-term
operating conditions.. The short-term operating temperature limit is, therefore, the
appropriate maximum design temperature for the Holtite-A in the HI-TRAC transfer cask.
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APPENDIX 1.C: MISCELLANEOUS MATERIAL DATA
(Total of 2 Pages Including This Page)

The information provided in this appendix specifies the paint properties and demonstrates their
suitability for use in spent nuclear fuel storage casks.

Thermaline 450 or equivalent is specified to coat the overpack to the maximum extent practical and
the inner cavity of the HI-TRAC transfer cask. Carboline 890 or equivalent is specified to coat
external surfaces of the HI-TRAC transfer cask. The paints are suitable for the design temperatures
(see Table 2.2.3) and the environment.
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APPENDIX 1.D: Requirements on HI-STORM 100 Shielding Concrete

1.D. 1 Introduction

The HI-STORM 100 overpack utilizes plain concrete for neutron and gamma shielding. Plain
concrete used in the HI-STORM overpack provides only a compressive strength structural function
due to the fact that both the primary and secondary load bearing members of the overpack are made
of carbon steel. While most of the shielding concrete used in the HI-STORM 100 overpack is
installed in the annulus between the concentric structural shells; smaller quantities of concrete are
also present in the pedestal shield and the overpack lid. Because plain concrete has little ability to
withstand tensile stresses, but is competent in withstanding compressive and bearing loads, the
design of the HI-STORM 100 overpack places no reliance on the tension-competence of the
shielding concrete.

During normal operations of the HI-STORM, the stresses in the concrete continuum are negligible,
arising solely from its self-weight. ACI 318-95 provides formulas for permissible compressive and
bearing stresses in plain concrete, which incorporate a penalty over the corresponding permissible
values in reinforced concrete. The formulas for permissible compressive and bearing stresses set
forth in ACI 318-95 are used in calculations supporting this FSAR in load cases involving
compression or bearing loads on the overpack concrete. However, since the overpack concrete is
designated as an ITS Category B material, it is appropriate to ensure that all "criticalcharacteristics" of the concrete, as defined herein, .are fully satisfied. During normal storage
operations, the overpack concrete is completely enclosed by the overpack steel structure, protecting
it from the deleterious effects of direct exposure to the environment, typical of most concrete
structures governed by the ACI codes.

The "critical characteristics" of the plain concrete in the HI-STORM overpack are: (i) its density
and (ii) its compressive strength. This appendix provides the complete set of criteria applicable to
the plain concrete in the HI-STORM 100 overpack.

I.D.2 Design Requirements

The primary function ofthe plain concrete is to provide neutron and gamma shielding. As plain
concrete is a competent structural member in compression, the plain concrete's effect on the
performance of the HI-STORM overpack under compression loadings is considered and modeled in
the structural analyses, as necessary. The formulas for permissible compressive and bearing stresses
set forth in ACI 318-95 are used. However, as plain concrete has very limited capabilities in tension,
no tensile strength capability is allotted to the HI-STORM concrete.
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The steel structure of the HI-STORM overpack provides the strength to meet all load combinations
specified in Chapters 2 and 3, due to the fact that both the primary and secondary load bearing
members (as defined in the ASME Code, Section III, Subsection NF-1215) of the HI-STORM
overpack are made from carbon steel. Credit for the structural strength of the plain concrete is only
taken to enhance the compressive load carrying capability of the concrete in calculations appropriate
to handling and transfer operations, and to demonstrate that the HI-STORM 100 System continues to
provide functional performance in a post-accident environment. Therefore, the load combinations
provided in ACI 349 and NUREG-1 536, Table 3-1 are not applicable to the plain concrete in the HI-
STORM overpack.

The shielding performance of the plain concrete is maintained by ensuring that the minimum
concrete density is met during construction and the allowable concrete temperature limits are not

• exceeded. The thermal analyses for normal and off-normal conditions demonstrate that the plain
concrete does not exceed the allowable long term temperature limit provided in Table 1.D. 1. Under
accident conditions, the bulk of the plain concrete in the HI-STORM overpack does not exceed the
allowable short term temperature limit provided in Table 1 .D.I. Any portion of the plain concrete,
which exceeds the short-term temperature limit under accident conditions, is neglected in the post-
accident shielding analysis and in any post-accident structural analysis.

1 .D.2.1 Test Results to Support Normal Condition Temperature Limit

Note 3 to Table. I .D. I references Paragraph A.4.3 ofACI-349, which requires that normal condition
temperatures in excess of 150'F bulk and 200'F local must be supported by test data to demonstrate
.that strength reductions are acceptable and that concrete deterioration does not occur. Such data are
described and discussed in this subsection.

With respect to concrete compressive strength at bulk temperatures up to 300'F, test studies for
elevated temperatures were performed by Carette and Malhorta [I.D.1] that examined conditions
very similar to those of the HI-STORM concrete. Their tests were performed on 4" diameter by 8"
long test cylinders. The test condition most closely matching the HI-STORM concrete was: 0.6
water-to-cement ratio, limestone aggregate and 300'F for four months. While the HI-STORM
storage period is much greater than. 4 months, the investigators state "any major strength loss is
found to occur within the first month of exposure." The four-month compressive strength for these
conditions was actually determined to be greater than the nominal concrete strengths despite the.
elevated temperatures. This is attributable to the increase in compressive strength that accompanies
concrete aging, which more than offsets the temperature effects.

With respect to concrete shielding performance at local temperatures above 300'F, a report by
Schneider and Horvath [1.D.2] examined weight loss of concrete at elevated temperatures. Tests
were performed on 12mm diameter by 40 mm long test cylinders in an apparatus called a thermo- I
balance. A variety of aggregates (i.e., quartz, limestone and basalt) were tested. The test results
indicate a worst-case weight loss of 0.424% from 300'F to 365°F for quartz aggregates. This
maximum level of weight loss would reduce the concrete density from 2.35 gm/cc to 2.34 gm/cc. If
the entire weight loss is attributed to water loss, the corresponding limiting reduction in hydrogen
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content is from 0.6% to 0.555%. As discussed in Section 5.3.2, such reductions are negligible with
respect to shielding performance.

1.D.3 Material Requirements

Table I.D.1 provides the material limitations and requirements applicable to the overpack plain
concrete. These requirements, drawn from ACI 349-85 and supplemented by the provisions of
NUREG 1536 (page 3-2 1), are intended to ensure that the "critical characteristics" of the concrete
placed in the HI-STORM overpack comply with the requirements of this Appendix and standard
good practice. Two different minimum concrete densities are specified for the overpack concrete,
based on the presence or absence of the steel shield shell. The steel shield shell was deleted from the
overpack design after the construction of overpack serial number 1024-7.

ACI 349 was developed to govern the design and construction of steel reinforced concrete structures
for the entire array of nuclear power plant applications, except for concrete reactor vessels and
containment structures. Therefore, ACI 349 contains many requirements not germane to the plain
concrete installed in and completely enclosed by the steel HI-STORM overpack structure. For
example, the overpack concrete is not exposed to the environment, so provisions in the standard for
protecting concrete from the environment would not be applicable to the concrete contained in the
overpack.

In accordance with the requirement in Section 3.3.of Appendix B of the HI-STORM 100 CoC,
Section I.D.4, Table 1.D.1 and Table 1.D.2 were developed using the guidance of ACI 349-85, to
the extent.it needs to be applied to the unique application of placing unreinforced concrete inside the
steel enclosure of the HI-STORM overpack. Other concrete standards were used, as appropriate, to
provide the controls necessary to assure that the critic al characteristics of the overpack concrete will
be achieved and that the concrete will perform its design function.

1.D.3.1 Essential Requirements for Concrete Supplier and Lab Testing Support

The material used in HI-STORM related concrete shall be procured from suppliers that have
been qualified under Holtec QA program through appropriate validation and surveillance. The
QA surveillance record on the concrete supplier must be current at the time of concrete,
placement. Among the many missions of the surveillance program are activities that are crucial
to insure that all required critical characteristics shall be met such as, all scales used in the
batching process are calibrated, delivery trucks are in good working condition, and all aggregate
material stored at the facility is segregated. These parameters ensure that the batched concrete is
in compliance with the Holtec concrete mix design.

With respect to the test lab services, surveillance of the lab ensures that all equipment used in
testing of aggregates and concrete cylinder samples are calibrated. Additionally, inspections are
completed on the concrete cylinder storage facilities as well as basic material controls. With
these controls in place, the results of any aggregate testing or concrete cylinder testing can be
confirmed to be accurate and reliable.
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1 .D.3.2 Concrete Mix Design and Material Requirements

A concrete mix design shall first be established to determine the necessary recipe to produce a HI-
STORM concrete that meets the critical characteristics of the HI-STORM as specified in this
section. Once the mix design is formulated, actual site testing shall be conducted to confirm the mix
design. At the batch plant, the mix design will be used to make concrete for initial testing purposes.
This initial batch shall be checked for slump and density. The mix design may be altered as

necessary at this time until the desired results are achieved. Additionally, a total often cylinders
from the final acceptable batch shall~be taken for laboratory testing. These cylinders shall be used
for compressive strength break. test to determine the strength of the concrete mix.

With respect to individual aggregate testing, the provisions from ACI 349 those are germane to the
plain concrete installed in and completely enclosed by the steel HI-STORM overpack structure are
summarized herein. For example, the overpack concrete is not exposed to the environment, so
provisions in the ACI standards for protecting concrete from the environment would not be
applicable to the concrete contained in the overpack.

For the standard use local course and fine aggregates supplied by the. local batch, a high level of
confidence based on continued use in area concrete* obviates the need for many of the aggregate
testing recommended by ASTM C33. However, certain testing relevant to confirming the
acceptability of the aggregate is required by this specification. For both the local fine and course
aggregate, laboratory testing shall be carried out .to confirm grading per ASTM C33 as well as the
test per ASTM C 117 to determine materials finer than 200 sieve. A laboratory technician shall also
visually inspect the source pile to evaluate the aggregates for-any deleterious substances or organic
impurities. If this visual inspection reveals any evidence of deleterious substances or organic
impurities, additional aggregate testing that addresses deleterious substances per ASTM C33 for
both fine and course aggregates as well as organic impurities testing per ASTM C40 for the local
fine aggregate shall be conducted.

For the specially supplied dense aggregate that is supplied from an outside source, applicable
grading and 200 sieve testing shall be completed.

.l.D.4 Construction Requirements
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Method of placement of the concrete is important to achieving the desired properties in the concrete.
It is imperative to achieve a concrete placement with no voids. In order to accomplish this,

procedural steps shall be in place to control the placement technique with respect to lift height and
vibratory agitation. The concrete shall be placed in the HI-STORM in two foot (approximate) lifts.
Vibration of poured concrete shall be such that the vibrator is inserted and removed in a vertical
movement with no dragging of the vibrator through the concrete. Vibrator placement shall be based
on the size of the vibrator as detailed in ACI-309R.

The slump of the concrete shall be checked as necessary prior to placement to ensure that the
concrete is suitable for pumping.

Appropriate measures shall be taken for hot and cold weather conditions as prescribed by ACI-305R
and ACI-306R, respectively.

1.D.5 Testing Requirements

Concrete may be tested for temperature, slump, and density for each truck prior to placement in the
HI-STORM for informational purposes. Official samples, as required by the applicable Holtec
procedure, shall be taken from the approximate middle of the truck discharge and will become the
sample of record for slump, temperature, and density. Additionally, compressive test cylinder
samples shall be taken as detailed in the governing Holtec procedure. Samples taken shall be of a
quantity to support required break tests and shall be taken from two trucks per HI-STORM to ensure
a representative sample of the concrete in each HI-STORM. Samples taken in the field should be
stored as best possible to protect the samples from extreme temperature conditions. Compressive
break strengths of the official concrete cylinder samples taken shall be tested for the required
minimum concrete strength. The compressive strength of concrete is observed to increase
monotonically with the time of curing [1.D.3]. Therefore, break tests resulting in a compressive
strength exceeding the minimum required compressive strength may be used as the official concrete
break data in lieu of waiting for 28-day breaks.

I.D.6 References

[I.D.1] Carette and Malhorta, "Performance of Dolostone and Limestone Concretes at Sustained
High Temperatures," Temperature Effects on Concrete, ASTM STP 858.

[1.D.2] Schneider and Horvath, "Behaviour of Ordinary Concrete at High Temperature,"
Vienna Technical University - Institute for Building Materials and Fire Protection,
Research Report Volume 9.

[l.D.3] Concrete Manual, 8th Edition, US Bureau of Proclamation, Denver, Colorado, 1975.
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Table l.D.1
Requirements for Plain Concrete

ITEM APPLICABLE LIMIT OR REFERENCE
Density in overpack body (Minimum) 146 lb/ft3 (HI-STORM 100 up to Serial Number
(see Table 3.2.1 for information on maximum (S/N) 7), 155 lb/ft3 (S/N 8 and higher)
concrete density)
Density in lid and pedestal (Minimum) 146 lb/ft3 (HI-STORM IOOS Version B does not
(See Table 3.2.1 for information on maximum have a concrete-filled pedestal)
concrete density)
Specified Compressive Strength 3,300 psi (min.)
Compressive and Bearing Stress Limit Deleted
Cement Type and Mill Test Report Type II; (ASTM C 150 or ASTM C595)
Aggregate Type Fine and coarse aggregate as required (Note 2)
Nominal Maximum Aggregate Size 1-1/2 (inch)
Water Quality Deleted
Material Testing See Note 4.
Admixtures Deleted
Maximum Water to Cement Ratio 0.5 (Table 4.5.2)
Maximum Water Soluble Chloride Ion Cl in 1.00 percent by weight of cement (Table 4.5.4) (See
Concrete Table l.D.2, Note 1)
Concrete Quality Deleted
Mixing and Placing See Note 6.
Consolidation Deleted
Quality Assurance Per Holtec Quality AssuranceManual, 10 CFR Part

72, Appendix G commitments
Through-Thickness Section Average* Temperature 300'F (See Note 3)
Limit Under Long Term Conditions ...__
Through-Thickness Section AverageT Temperature 350'F (Appendix A, Paragraph A.4.2)
Limit Under Short Term Conditions

,Aggregate Maximum Valuett of Coefficient of 6E-06 inch/inch/°F
Thermal Expansion (tangent in the range of 70'F (NUREG-1536, 3.V.2.b.i.(2)(c)2.b)
to 1000 F) ..... _ ....

The through-thickness section average is the same quantity as that defined in Paragraph A.4.3 of Appendix A to
ACI 349 as the mean temperature distribution. A formula for determining this value, consistent with the inner
and outer surface averaging used in this FSAR, is presented in Figure A-1 of the commentary on ACI 349. Use
of this quantity as an acceptance criterion is, therefore, in accordance with the governing ACI code.

tt The following aggregate types are a priori acceptable: limestone, marble, basalt, granite, gabbros, or rhyolite.
The thermal expansion coefficient limit does not apply when these aggregates are used. Careful consideration
shall be given to the potential of long-term degradation of concrete due to chemical reactions between the
aggregate and cement selected for HI-STORM overpack concrete.
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Table 1.D.1 (continued)
Requirements for Plain Concrete

Notes:

1. Deleted

2. The coarse aggregate shall meet the requirements of ASTM C33 for class designation IS from
Table 3. However, if the requirements of ASTM C33 cannot be met, concrete aggregates that
have been shown by special tests or actual service to produce concrete of adequate strength,
unit weight, and durability meeting the requirements of Tables 1 .D. I and I .D.2 are acceptable
in accordance with ACI 349 Section 3.3.2. The high-density coarse aggregate percentage of
Material Finer than No. 200 Sieve may be increased to 10 % if the material is essentially free of
clay, or shale.

3. The 300'F long term temperature limit is specified in accordance with Paragraph A.4.3 of
Appendix A to ACI 349 for normal conditions considering the very low maximum stresses
calculated and discussed in Section 3.4 of this FSAR for normal conditions. In accordance with
this paragraph of the governing code, the specified concrete compressive strength is supported
by test data and the concrete is shown not to deteriorate, as evidenced by a lack of reduction in
concrete density or durability.

4. Tests of materials and concrete, as required, shall be made in accordance with standards of the
American Society for Testing and Materials (ASTM) as specified here, to ensure that the
critical characteristics for the HI-STORM concrete are achieved. ASTM Standards to be used I
include: C 31-96, C 33-82, C 39-96,C 88-76, C 131-81, C 138-92, C i43-98, C 150-97, C 172-
90, C 192-95, C 494-92, C 637-73. More recent approved editions of the referenced standards
may be used.

5. Deleted

6. Water and admixtures may be added at the job site to bring both the slump and wet unit weight
of the concrete within the mix design limits. Water or admixtures shall not be added to the
concrete after placement activities have started. The tolerance for individual and combined
aggregate weights in the concrete batch may be outside of tolerances specified in ASTM C94,
provided that the wet unit weight of the concrete is tested prior to placement and confirmed to
be within the approved range.,
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Table I.D.2: Testing Requirements for Plain Concrete

TEST SPECIFICATION

Compression Test ASTM C31, ASTM C39, ASTM C192

Unit Weight (Density) ASTM C138

Maximum Water Soluble Federal Highway Administration Report FHWA-RD-77-85,
Chloride Ion "Sampling and Testing for Chloride Ion in Concrete" (Note 1)
Concentration

Notes:

1. If the concrete or concrete aggregates are suspected of containing excessive amounts of
chlorides, they will be tested to ensure that their contribution will not cause the water-
soluble chloride concentration to exceed the required maximum. Factors to be considered
will consist of the source of the aggregates (proximity to a salt water source, brackish area,
etc.) and service history of the concrete made from aggregates originating from the same
source. No specific tests are required unless the aggregates or water source are suspected of
containing an excessive concentration of chloride ions.
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SUPPLEMENT 1.1

(This Section Reserved for Future Use)
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SUPPLEMENT 1.H

GENERAL DESCRIPTION OF HI-STORM 100 SYSTEM FOR IP1

1.11.0 GENERAL INFORMATION

The HI-STORM 100 System has been expanded to include options specific for Indian Point
Unit 1. Indian Point Unit 1 (IPI) fuel assemblies are approximately 137 inches in length which is
considerably shorter than most PWR fuel assemblies. As a result of the shorter fuel assemblies
and a reduced crane capacity at IPI, the HI-STORM 100 System now includes a shorter HI-
STORM overpack, MPC, and HI-TRAC for IPI. Information pertaining to the HI-STORM 100
System modifications for IPI is generally contained in the "II" supplements to each chapter of
this FSAR. Certain sections of the main FSAR are also affected and are appropriately modified
for continuity with the "II" supplements. Unless superseded or specifically modified by
information in the "II" supplements, the information in the main FSAR is applicable to the HI-
STORM 100 System for use at IP 1.

1.11. 1 INTRODUCTION

The HI-STORM 100 System as deployed at Indian Point Unit 1 will consist of a HI-STORM
IOOS Version B overpack, an MPC-32, and a HI-TRAC I OOD.

1.11.2 GENERAL DESCRIPTION OF HI-STORM 100 SYSTEM FOR IPI

1.1I.2.1 System Characteristics

The HI-STORM IOOS Version B, MPC-32, and HI-TRAC 1003D have been shortened for use at
Indian Point Unit 1.

The HI-STORM IN0S Version B overpack was shortened by approximately 33 inches. The other
physical characteristics (e.g. inlet and outlet vents, inner and outer shells, and lid) of the HI-
STORM 100S Version B overpack remain unchanged. This reduction in height creates another
variant of the HI-STORM 100S Version B overpack, differing from the others variants by only
height and weight. The variant for IPI is referred to as the HI-STORM 100S-185 and is
approximately 185 inches high,

The MPC-32 basket and shell, for use at IPl, were shortened by approximately 33 inches. The
neutron absorber panels and sheathing were shortened by approximately 20 inches. The neutron
absorber panels in the MPC-32 for IP1 effectively cover the entire height of the basket. Since the
primary features that define an MPC-32 (e.g., cell opening, cell pitch, basket wall thickness,
neutron absorber thickness and B-10 loading) are unchanged for use at IPI, the basket is still
designated as an MPC-32. The MPC-32 for IPI may be used with both the HI-STORM 100S-
185 and the standard height HI-STORM 100S Version B (the HI-STORM IOOS-218 also
referred to as the HI-STORM IOOS Version B (218)).
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The HI-TRAC I 00D was also shortened by approximately 33 inches. Due to a crane capacity of
75 tons at IPI it was also necessary to reduce the thickness of the outer steel shell by a 1/4 inch
and reduce the lead thickness by 3/8 inch. The water jacket thickness, pool lid, and bottom flange
were not modified. This variant of the HI-TRAC I00D is referred to as the HI-TRAC IN0D
Version IPI.

Table 1.11.1 contains the key parameters for the HI-STORM 1,00 System that are unique for its
use at IPI.

1.11.2.2 Operational Characteristics

With the exception of the helium fill requirements specified in Table 1.11.1, the operational•
characteristics of the IPI specific HI-STORM 100 System and the generic HI-STORM 100
System (as described in Section 1.2.2) are identical.

1.11.2.2.1 Criticality Prevention

Criticality is controlled by geometry and neutron absorbing materials in the fuel basket. The.
MPC-32 for IPI does not rely on soluble boron credit during loading or the assurance that water
cannot enter the MPC during storage to meet the stipulated criticality limits.

Each MPC model is equipped with neutron absorber plates affixed to the fuel cell walls as shown
on the drawings in Section 1.5. The minimum B areal density specified for the neutron
absorber in each MPC model is shown in Table 1.2.2 in Section 1.2. These values are chosen to
be consistent with the assumptions made in the criticality analyses.

1.11.2.3 Cask Contents

The MPC-32 and MPC-32F for IPI are designed to accommodate up to thirty-two IPI PWR fuel
assemblies. All thirty-two of these fuel assemblies may be classified as intact or damaged fuel
assemblies. Fuel debris is not permitted to be stored in the MPC-32 or MPC-32F for IPI.

1.11.3 IDENTIFICATION OF AGENTS AND CONTRACTORS

Same as in Section 1.3.

1.11.4 GENERIC CASK ARRAYS

Same as in Section 1.4.
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1.11.5 DRAWINGS

The drawings of the HI-STORM IOOS Version B, MPC enclosure vessel, and MPC-32 provided
in Section 1.5, contain notes regarding the IPI specific variants. A separate drawing is provided
in Section 1.5 for the HI-TRAC IOOD Version IPI.
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Table 1.11.1
KEY PARAMETERS FOR HI-STORM 100 SYSTEM SPECIFIC TO IPI

Item Value
IPI MPC-32/32F storage capacity Up to 32 intact or damaged

stainless steel clad IPI fuel
assemblies with or without

non-fuel hardware.
MPC internal environment (all pressure ranges are at a
Helium fill reference temperature of
(99.995% fill helium purity) 70°F)

MPC-32/32F > 22.0 psig and < 33.3 psig
(heat load < 8.0 kW)
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CHAPTER 2t: PRINCIPAL DESIGN CRITERIA

This chapter contains a compilation of design criteria applicable to the HI-STORM 100 System. The
loadings and conditions prescribed herein for the MPC, particularly those pertaining to mechanical
accidents, are far more severe in most cases than those required for 1OCFR72 compliance. The MPC
is designed to be in compliance with both lOCFR72 and 1OCFR71 and therefore certain design
criteria are overly conservative for storage. This chapter sets forth the loading conditions and
relevant acceptance criteria; it does not provide results of any analyses. The analyses and results
carried out to demonstrate compliance with the design criteria are presented in the subsequent
chapters of this report.

This chapter is in full compliance with NUREG-1536, except for the exceptions and clarifications
provided in Table 1.0.3. Table 1.0.3 provides the NUREG- 1536 review guidance, the justification
for the exception or clarification, and the Holtec approach to meet the intent of the NUREG-1536.
guidance.

2.0 PRINCIPAL DESIGN CRITERIA

The design criteria for the MPC, HI-STORM overpack, and HI-TRAC transfer cask are summarized
in Tables 2.0.1, 2.0.2, and 2.0.3, respectively, and described in the sections that follow.

2.0.1 MPC Design Criteria

General

The MPC is designed for 40 years of service, while satisfying the requirements of 10CFR72. The
adequacy of the MPC design for the design life is discussed in Section 3.4.12.

Structural

The MPC is classified as important to safety. The MPC structural components include the internal
fuel basket and the enclosure vessel. The fuel basket is designed and fabricated as a core support
structure, in accordance with the applicable requirements of Section III, Subsection NG of the
ASME Code, with certain NRC-approved alternatives, as discussed in Section 2.2.4. The enclosure
vessel is designed and fabricated as a Class 1 component pressure vessel in accordance with Section
III, Subsection NB of the ASME Code, with certain NRC-approved alternatives, as discussed in
Section 2.2.4. The principal exception is the MPC lid, vent and drain port cover plates, and closure
ring welds to the MPC lid and shell, as discussed in Section 2.2.4. In addition, the threaded holes in

t This chapter has been prepared in the format and section organization set forth in Regulatory
Guide 3.61. However, the material content of this chapter also fulfills the requirements of
NUREG-1536. Pagination and numbering of sections, figures, and tables are consistent with the
convention set down in Chapter 1, Section 1.0, herein. Finally, all terms-of-art used in this chapter
are consistent with the terminology of the glossary (Table 1.0.1) and component nomenclature of
the Bill-of-Materials (Section 1.5).
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the MPC lid are designed in accordance with the requirements of ANSI N14.6 for critical lifts to
facilitate vertical MPC transfer.

The MPC closure welds are partial penetration welds that are structurally qualified by analysis, as
presented in Chapter 3. The MPC lid and closure ring welds are inspected by performing a liquid
penetrant examination of the root pass and/or final weld surface (if more than one weld pass was
required), in accordance with the drawings contained in Section 1.5. The integrity of the MPC lid
weld is further verified by performing a volumetric (or multi-layer liquid penetrant) examination,
and a Code pressure test.

The structural analysis of the MPC, in conjunction with the redundant closures and nondestructive
examination, pressure testing, and helium leak testing, (performed on the vent and drain port cover
plates), provides assurance of canister closure integrity in lieu of the specific weld joint requirements
of Section III, Subsection NB.

Compliance with the ASME Code as it is applied to the design and fabrication of the MPC and the
associated justification are discussed in Section 2.2.4. The MPC is designed for all design basis
normal, off-normal, and postulated accident conditions, as defined in Section 2.2. These design
loadings include postulated drop accidentswhile in the cavity of the HI-STORM overpack or the HI-
TRAC transfer cask. The load combinations for which the MPC is designed are defined in Section
2.2.7. The maximum allowable weight and dimensions of a fuel assembly to be stored in the MPC
are limited in accordance with Section 2.1.5.

Thermal

The design and operation of the HI-STORM 100 System meets the intent of the review guidance
contained in ISG-1 1, Revision 3 [2.0.8]. Specifically,. the ISG-1 I provisions that are explicitly
invoked and satisfied are:

i. •The thermal acceptance criteria for all commercial spent fuel (CSF) authorized by the
USNRC for operation in a commercial reactor are unified into one set of requirements.

ii. The maximum value of the calculated temperature for all CSF (including ZR and stainless
steel fuel cladding materials) under long-term normal conditions of storage must remain
below 400'C (752°F). For short-term operations, including canister drying,.helium backfill,
and on-site cask transport operations, the fuel cladding temperature must not exceed 400'C
(752'F) for high burnup fuel and 570'C (1058°F) for moderate burnup fuel.

iii. The maximum fuel cladding temperature as a result of an off-normal or accident event must
not exceed 570'C (1058'F).

iv. For High Burnup Fuel (HBF), operating restrictions are imposed to limit the maximum
temperature excursion during short-term operations to 65*C (1 17'F).
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To achieve compliance with the above criteria, certain design and operational changes are necessary,
as summarized below.

i. The peak fuel cladding temperature limit (PCT) for long term storage operations and short
term operations is generally set at 400'C (752°F). However, for MPCs containing all
moderate burnup fuel, the fuel cladding temperature limit for short-term operations is set at
570'C (1058°F) because fuel cladding stress is shown to be less than approximately 90 MPa
per Reference [2.0.9]. Appropriate analyses have been performed as discussed in Chapter 4
and operating restrictions added to ensure these limits are met (see Section 4.5).

ii. For MPCs containing at least one high burnup fuel (HBF) assembly, the forced helium
dehydration (FHD) method of MPC cavity drying must be used. to meet the normal
operations PCT limit and satisfy the 65°C temperature excursion criterion for HBF.

iii. The off-normal and accident condition PCT limit remains unchanged (1058°F).

iv. For high burnup fuel, the Supplemental Cooling System (SCS) is required to ensure fuel
cladding temperatures remain below the applicable temperature limit (see Section 4.5). The
design criteria for the SCS are provided in Appendix 2.C.

The MPC cavity is dried using either a vacuum drying system, or a forced helium dehydration
system (see.Appendix2.B). The MPC is backfilled with 99.995% pure helium in accordance with
the limits in Table 1.2.2 during canister sealing operations to promote heat transfer and prevent
cladding degradation.

The design temperatures for the structural steel components of the MPC are based on the
temperature limits provided in ASME Section.Ii, Part D, tables referenced in ASME Section III,
Subsection NB and NG, for those load conditions.under which material properties are relied on for a
structural load combination. The specific design. temperatures for the components of the MPC are
provided. in Table 2.2.3.

The MPCs are designed for a bounding thermal source term, as described in Section 2.1.6. The
maximum allowable fuel assembly heat load foreach MPC is limited as specified in Section 2.1.9.

Each MPC model, except MPC-68F, allows for two fuel loading strategies. The first is uniform
fuel loading, wherein any authorized fuel assembly may be stored in any fuel storage location,
subject to other restrictions; such as location requirements for damaged fuel containers (DFCs)
and fuel with integral non-fuel hardware (e.g., control rod assemblies). The second is
regionalized fuel loading, wherein the basket is segregated into two regions. Region 1 is the
inner region where fuel assemblies with higher heat emission rates may be stored and Region 2 is
the outer regionwhere fuel assemblies with lower heat emission rates are stored. Regionalized
loading allows for storage of fuel assemblies with higher heat emission rates (in Region 1) than
would otherwise be authorized for loading under a uniform loading strategy. Regionalized
loading strategies must also comply with other requirements, such as those for DFCs and non-
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fuel hardware. Specific fuel assembly cooling time, burnup, and decay heat limits for
regionalized loading are presented in Section 2.1.9. The two fuel loading regions are defined by
fuel storage location number in Table 2.1.13 (refer to Figures 1.2.2 through 1.2.4). For MPC-
68F, only uniform loading is permitted.

Shielding

The allowable doses for an ISFSI using the HI-STORM 100 System are delineated in
1 OCFR72.104 and 72.106. Compliance with these regulations for any particular array of casks at
an ISFSI is necessarily site-specific and is to be demonstrated by the licensee, as discussed in
Chapters 5 and 12. Compliance with these regulations for a single cask and several
representative cask arrays is demonstrated in Chapters 5 and 10.

The MPC provides axial shielding at the top and bottom ends to maintain occupational exposures
ALARA during canister closure and handling operations. The occupational doses are controlled
in accordance with plant-specific procedures and ALARA requirements (discussed in Chapter
10).

The MPCs are designed for design basis fuel as described in Sections 2.1.7 and 5.2. The
radiological source term for .the MPCs is limited based on the burnup and cooling times specified
in Section 2.1.9. Calculated dose rates for each MPC are provided in Section 5.1. These dose
rates are used to perform an occupational exposure evaluation, as discussed in Chapter 10.

Criticality

The MPCs provide criticality control for all design basis normal, off-normal, and postulated accident
conditions, as discussed in Section 6.1. The effective neutron multiplication factor is limited to kerr<
0.95 for fresh unirradiated fuel with optimum water moderation and close reflection, including all
biases, uncertainties, and MPC manufacturing tolerances.

Criticality control is maintained by the geometric spacing of the fuel. assemblies, fixed borated
neutron absorbing materials incorporated into the fuel basket assembly, and, for certain MPC
models, soluble boron in the MPC water. The minimum specified boron concentration verified
during neutron absorber manufacture is further reduced by 25% for criticality analysis for Boral-
equipped MPCs and by 10% for METAMIC®-equipped MPCs. No credit is taken for burnup. The
maximum allowable initial enrichment for fuel assemblies to be stored in each MPC is limited.
Enrichment limits and soluble boron concentration requirements are delineated in Section 2.1.9
consistent with the criticality analysis described in Chapter 6.

Confinement

The MPC provides for confinement of all radioactive materials for all design basis normal, off-
normal, and postulated accident conditions. As discussed in Section 7.1, the Holtec MPC design
meets the guidance in Interim Staff Guidance 18,to classify confinement boundary leakage as non-
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credible. Therefore, no confinement dose analysis is performed. The confinement function of the
MPC is verified through pressure testing and helium leak testing on the vent and drain port cover
plates and weld examinations performed in accordance with the acceptance test program in Chapter
9.

Operations

There are no radioactive effluents that result from storage or transfer operations. Effluents generated
during MPC loading are handled by the plant's radwaste system and procedures.

Generic operating procedures for the HI-STORM 100 System are provided in Chapter 8. Detailed
operating procedures will be developed• by the licensee based on Chapter 8, site-specific
requirements that comply with the 1OCFR50 Technical Specifications for the plant, and the HI-
STORM 100 System CoC.

Acceptance Tests and Maintenance

The fabrication acceptance basis and maintenance program to be applied to the MPCs are described
in Chapter 9. The operational controls and limits to be applied to the MPCs are discussed in Chapter
12. Application of these requirements will assure that the MPC is fabricated, operated, and
maintained in a manner that satisfies the design criteria defined in this chapter.

Decommissioning

The MPCs are designed to be transportable in the HI-STAR overpack and are not required to be
unloaded prior to shipment off-site. Decommissioning of the HI-STORM 100 System is addressed in
Section 2.4.

2.0.2 HI-STORM Overpack Design Criteria

General

The HI-STORM overpack is designed for 40 years of service, while satisfying the requirements of
1OCFR72. The adequacy of the overpack design for the design life is discussed in Section 3.4.11.

Structural

The HI-STORM overpack includes both concrete and structural steel components that are classified
as important to safety.

The concrete material is defined as important to safety because of its importance to the shielding
analysis. The primary function of the HI-STORM overpack concrete is shielding of the gamma and
neutron radiation emitted by the spent nuclear fuel.

Unlike other concrete storage casks, the HI-STORM overpack concrete is enclosed in steel inner and
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outer shells connected to each other by radial ribs, and top and bottom plates. Where typical concrete
storage casks are reinforced by rebar, the HI-STORM overpack is supported by the inner and outer
shells connected by radial ribs. As the HI-STORM overpack concrete is not reinforced, the structural
analysis of the overpack only credits the compressive strength of the concrete. Providing further
conservatism, the structural analyses for normal conditions demonstrate that the allowable stress
limits of the structural steel are met even with no credit for the strength of the concrete. During
accident conditions (e.g., tornado missile, tip-over, end drop, and earthquake), only the compressive
strength of the concrete is accounted for in the analysis to provide an appropriate simulation of the
accident condition. Where applicable, the compressive strength of the concrete is calculated in
accordance with ACI-318-95 [2.0.1].

In recognition of the conservative assessment of the HI-STORM overpack concrete strength and the
primary funiction ofthe concrete being shielding, the applicable requirements of ACI-349. [2.0.2] are
invoked in the design and construction of the HI-STORM overpack concrete as clarified in
Appendix LD.

Steel cornmj•nents of the storage overpack are designed and fabricated in accordance with the
requirements of ASME Code, Section III, Subsection NF for Class 3 plate and shell components
with certain NRC-approved alternatives.

The overpack is designed for-all normal, off-normal, and design basis accident condition loadings, as
defined in'-Section 2.2. At a minimum, the overpack must protect the MPC from deformation,
provide continued adequate performance, and allow the retrieval of the MPC under all conditions.
These design loadings include a postulated drop accident from the maximum allowable handling
height, consistent with the analysis described in Section 3.4.10. The load combinations for which
the overpack is designed are defined in Section 2.2.7. The physical characteristics of the MPCs for
which the overpack is designed are defined. in Chapter 1.

Thermal

The allowa ,ble long-term through-thickness section average-temperature limit for the overpack
concrete is established in accordance with Paragraph A.4.3 of Appendix A to ACI 349, which allows
the use of-elevated temperature limits if test data supporting the compressive strength is available
and an evaluation to show no concrete deterioration provided. Appendix 1 .D specifies the cement
and aggregate requirements to allow the utilization of the 300OF temperature limit. For short term
conditionsthe through-thickness section average concrete temperaturelimit of 350'F is specified in
accordance with Paragraph A.4.2 of Appendix A to ACI 349. The allowable temperatures for the
structural: steel components are based on the maximum temperature for which material properties
and allowable stresses are provided in Section II of the ASME Code. The specific allowable
temperatures for the structural steel components of the overpack are provided in Table 2.2.3.

The overpack is designed for extreme cold conditions, as discussed in Section 2.2.2.2. The structural
steel materials used for the storage cask that are susceptible to brittle fracture are discussed in
Section 3.1.2.3.
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The overpack is designed for the maximum allowable heat load for steady-state normal conditions,
in accordance with Section 2.1.6. The thermal characteristics of the MPCs for which the overpack is
designed are defined in Chapter 4.

Shielding

The off-site dose for normal operating conditions at the controlled area boundary is limited by
IOCFR72.104(a) to a maximum of 25 mrem/year whole body, 75 mrem/year thyroid, and 25
mrem/year for other critical organs, including contributions from all nuclear fuel cycle operations.
Since these limits are dependent on plant operations as well as site-specific conditions (e.g., the
lSFSI design and proximity to the controlled area boundary, and the number and arrangement of
loaded storage casks on the ISFSI pad), the determination and comparison of ISFSI doses to this
limit are necessarily site-specific. Dose rates for a single caskand a range of typical ISFSIs using the
HI-STORM 100 System are provided in Chapter 5. The determination of site-specific ISFSI dose
rates at the site boundary and demonstration of compliance with regulatory limits is to be performed
by the licensee in accordance with IOCFR72.212.

The overpack is designed to limit the calculated surface dose rates on the cask for all MPCs as
defined in Section 2.3.5. The overpack is also designed to maintain occupational exposures ALARA
during MPC transfer operations, in accordance with I OCFR20. The calculated overpack dose rates
are determined in Section 5.1. These dose rates are used to perform a generic occupational exposure
estimate for MPC transfer operations and a dose assessment for a typicalISFSI, as described in
Chapter 10.

Confinement

The overpack does not perform any confinement function. Confinement during storage is provided
by the MPC and is addressed in Chapter 7. The overpack provides physical protection and biological
shielding for the MPC confinement boundary during MPC dry storage operations.

Operations

There are no radioactive effluents that result from MPC transfer or storage operations using the
overpack. Effluents generated during MPC loading and closure operations are handled by the plant's
radwaste system and procedures underthe licensee's I OCFR50 license.

Generic operating procedures for the HI-STORM 100 System are provided in-Chapter 8. The
licensee is required to develop detailed operating procedures based on Chapter 8, site-specific
conditions and requirements that also comply with the applicable 1OCFR50 technical specification
requirements for the site, and the HI-STORM 100 System CoC.

Acceptance Tests and Maintenance

The fabrication acceptance basis and maintenance program to be applied to the overpack are
described in Chapter 9. The operational controls and limits to be applied to the overpack are
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contained in Chapter 12. Application of these requirements will assure that the overpack is
fabricated, operated, and maintained in a manner that satisfies the design criteria defined in this
chapter.

Decommissioning

Decommissioning considerations for the HI-STORM 100 System, including the overpack, are
addressed in Section 2.4.

2.0.3 HI-TRAC Transfer Cask Design Criteria

General

The HI-TRAC transfer cask is designed for 40 years of service, while satisfying the requirements of
IOCFR72. The adequacy of the HI-TRAC design for the design life is discussed in Section 3.4.11.

Structural

The HI-TRAC transfer cask includes both structural and non-structural biological shielding
components that are classified as important to safety. The structural steel components of the HI-
TRAC, with the exception of the lifting trunnions, are designed and fabricated in accordance with
the applicable requirements of Section HII, Subsection NF, of the ASME Code with certain NRC-
approved alternatives, as discussed in Section 2.2.4. The lifting trunnions and associated attachments
are designed in accordance, with the requirements of NUREG-0612 and ANSI N14.6 for non-
redundant lifting devices..

The HI-TRAC transfer cask is designed for all normal, off-normal, and design basis accident
condition loadings, as defined in Section 2.2. At a minimum, the HI-TRAC transfer cask must
protect the MPC from deformation, provide continued adequate performance, and allow the retrieval
of the MPC under all conditions. These design loadings.include a side drop from the maximum
allowable handling height, consistent with the technical specifications. The load combinations for
which the HI-TRAC is designed are defined in Section.2.2.7. The physical characteristics of each
MPC for which the HI-TRAC is designed are defined in Chapter 1.

Thermal

The allowable temperatures for the HI-TRAC transfer cask structural steel components are based on
the maximum temperature for material properties and allowable stress values provided in Section II
of the ASME Code. The top lid of the HI-TRAC 125 and HI-TRAC 125D incorporate Holtite-A
shielding material. This material has a maximum allowable temperature in accordance with the
manufacturer's test data. The specific allowable temperatures for the structural steel and shielding
components of the HI-TRAC are provided in Table 2.2.3. The HI-TRAC is designed for off-normal
environmental cold conditions, as discussed in Section 2.2.2.2. The structural steel materials
susceptible to brittle fracture are discussed in Section 3.1.2.3.
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The HI-TRAC is designed for the maximum heat load analyzed~for storage operations. When the
MPC contains any high burnup fuel assemblies, the Supplemental Cooling System (SCS).will be
required for certain time periods while the MPC is inside the HI-TRAC transfer cask (see Section
4.5). The design criteria for the SCS are provided in Appendix 2.C. The HI-TRAC water jacket
maximum allowable temperature is a. function of the internal pressure. To preclude over
pressurization of the waterjacket due to boiling of the neutron shield liquid (water), the maximum
temperature of the water is limited to less than the saturation temperature at the shell design
pressure. In addition, the water is precluded from freezing during off-normal cold conditions by
limiting the minimum allowable temperature and adding ethylene glycol. The thermal
characteristics of the fuel for each MPC for which the transfer cask is designed are defined in
Section 2.1.6. The working area ambient temperature limit for loading operations is limited in
accordance with the design criteria established for the transfer cask.

Shielding

The HI-TRAC transfer cask provides shielding to maintain occupational exposures ALARA in
accordance with 1 OCFR20, while also maintaining the maximum load on the plant's crane hook to
below either 125 tons or 100 tons, or less, depending on whether the 125-ton or 100-ton HI-TRAC
transfer cask is utilized. The HI-TRAC calculated dose rates are reported in Section 5.1. These dose
rates are used to perform a generic occupational exposure estimate for MPC loading, closure, and
transfer operations, as described in Chapter 10. A postulated HI-TRAC accident condition, which
includes the loss of the liquid neutron shield (water), is also evaluated in Section 5.1.2. In addition,

HI-TRAC dose rates are controlled in accordance with plant-specific procedures and ALARA
requirements (discussed in Chapter 10).

The HI-TRAC 125 and 125D provide better shielding than the HI-TRAC 100 or 100D. Provided the
licensee is capable of utilizing the 125-ton HI-TRAC, ALARA considerations would normally
dictate that the 125-ton HI-TRAC should be used, However, sites may not be capable of utilizing the
125-ton HI-TRAC due to crane capacity limitations, floor loading limits, or other site-specific
considerations. As with other dose reduction-based plant activities, individual users who cannot
accommodate the 125-ton HI-TRAC should perform a cost-benefit analysis of the actions (e.g.,
modifications), which would be necessary to use the 125-ton HI-TRAC. The cost of the action(s)
would be weighed against the value of the projected reduction in radiation exposure and a decision
made based on each plant's particular ALARA implementation philosophy.

The HI-TRAC provides a means to isolate the annular area between the MPC outer surface and the
HI-TRAC inner surface to minimize the potential for surface contamination of the MPC by spent
fuel pool water during wet loading operations. The HI-TRAC surfaces expected to require
decontamination are coated. The maximum permissible surface contamination for the HI-TRAC is in
accordance with plant-specific procedures and ALARA requirements (discussed in Chapter 10).

Confinement

The HI-TRAC transfer cask does not perform any confinement function. Confinement during MPC
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transfer operations is provided by the MPC, and is addressed in Chapter 7. The HI-TRAC provides
physical protection and biological shielding for the MPC confinement boundary during MPC closure
and transfer operations.

Operations

There are no radioactive effluents that result from MPC transfer operations using HI-TRAC.
Effluents generated during MPC loading and closure operations are handled by the plant's radwaste
system and procedures.

Generic operating procedures for the HI-STORM 100 System are provided in Chapter 8. The
licensee will develop detailed operating procedures based on Chapter 8, plant-specific requirements
including the Part 50 Technical Specifications, and the HI-STORM 100 System CoC.

Acceptance Tests and Maintenance

The fabrication acceptance basis and maintenance program to be applied to the HI-TRAC Transfer
Cask are described in Chapter 9. The operational controls and limits to be applied to the HI-TRAC
are contained in Chapter 12. Application of these requirements will assure that the HI-TRAC is
fabricated, operated, and maintained in a manner that satisfies the design criteria defined in this
chapter.

Decommissioning

Decommissioning considerations for the HI-STORM 100 Systems, including the HI-TRAC Transfer
Cask, are addressed in Section 2.4.

2.0.4 Principal Design Criteria for the ISFSI Pad

2.0.4.1 Design and Construction Criteria

In compliance with 1OCFR72, Subpart F, "General Design Criteria", the HI-STORM 100 cask
system is classified as "important-to-safety" (ITS). This final safety analysis report (FSAR)
explicitly recognizes the HI-STORM 100 System as an assemblage of equipment containing
numerous ITS components. The reinforced concrete pad on which the cask is situated, however, is
designated as a non-ITS structure. This is principally because, in most cases, cask systems for
storing spent nuclear fuel on reinforced concrete pads are installed as free-standing structures. The
lack of a physical connection between the cask and the pad permits the latter to be designated as not
important-to-safety.

However, if the ZPAs at the surface of an ISFSI pad exceed the threshold limit for free-standing HI-
STORM installation set forth in this FSAR, then the cask must be installed in an anchored
configuration (HI-STORM 1 OOA).

In contrast to an ISFSI containing free-standing casks, a constrained-cask installation relies on the
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structural capacity of the pad to ensure structural safety. The Part 72 regulations require
consideration of natural phenomenon in the design. Since an ISFSI pad in an anchored cask
installation participates in maintaining the stability of the cask during "natural phenomena" on the
cask and pad, it is an ITS structure. The procedure suggested in Regulatory Guide 7.10 [2.0.4] and
the associated NUREG [2.0.5] indicates that an ISFSI pad used to secure anchored casks should be
classified as a Category C ITS structure.

Because tipover of a cask installed in an anchored configuration is not feasible, the pad does not
need to be engineered to accommodate this non-mechanistic event. However, the permissible carry
height for a loaded HI-STORM 100A overpack must be established for the specific ISFSI pad using
the methodology described in this FSAR, if the load handling device is not designed in accordance
with ANSI N 14.6 and does not have redundant drop protection design features.. These requirements
are specified in the CoC. Howev er, to serve as an effective and reliable anchor, the pad must be
made appropriately stiff and suitably secured to preclude pad uplift during a seismic event.

Because the geological conditions vary widely across the United States, it is not possible to, a'priori,
define the detailed design of the pad. Accordingly, in this FSAR,.the limiting requirements on the
design and installation of the pad are provided. The user of the HI-STORM I O1A System bears the
responsibility to ensure that all requirements on the pad set forth in this FSAR are fulfilled by the
pad design. Specifically, the ISFSI owner must ensure that:

* The pad design complies. with the structural provisions of this report. In particular, the
requirements of ACI-349-97 [2.0.2] with respect to embedments must be assured.

* The material of construction of the pad (viz., the additives used in the pad concrete), and the
attachment system are compatible with the ambient environment at the ISFSI site.

* The pad is designed and constructed in accordance with a Part 72, Subpart G-compliant QA
program.

• The design and manufacturing of the cask attachment system are consistent with the
provisions of this report.

* Evaluations are performed (e.g., per 72.212) to demonstrate that the seismic and other
inertial loadings at the site are enveloped by the respective bounding loadings defined in this
report.

A complete listing of design and construction requirements for an ISFSI pad on which an anchored
HI-STORM IOOA will be deployed is provided in Appendix 2.A. A sample embedment design is
depicted in Figure 2.A.1.

2.0.4.2 Applicable Codes

Factored load combinations for ISFSI pad design are provided in NUREG-1536 [2.1.5], which is
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consistent with ACI-349-85. The factored loads applicable to the pad design consist of dead weight
of the cask, thermal gradient loads, impact loads arising from handling and accident events, external
missiles, and bounding environmental phenomena (such as earthquakes, wind, tornado, and flood).
Codes ACI 360R-92, "Design of Slabs on Grade"; ACI 302.1 R, "Guide for Concrete Floor and Slab
Construction"; and ACI 224R-90, "Control of Cracking in Concrete Structures" should be used in
the design and construction of the concrete pad, as applicable. The embedment design for the HI-
STORM 100A (and 100SA) are the responsibility of the ISFSI owner and shall comply with
Appendix B to ACI-349-97 as described in Appendix 2.A. A later Code edition may be used
provided a written reconciliation is performed.

The factored load combinations presented in Table 3-1 ofNUREG 1536 are reduced in the following
to a bounding set of load combinations that are applied to demonstrate adherence to its acceptance
c criteria.

a. Definitions

D = dead load including the loading due to pre-stress in the anchor studs
L = live load
W= wind load
Wt= tornado load
T = thermal load
F = hydrological load
E = DBE seismic load
A accident load
H = lateral soil pressure
Ta = accident thermal load
UC= reinforced concrete available strength

Note that in the context of a complete ISFSI design, the DBE seismic load includes both the inertia
load on the pad due to its self mass plus the interface loads transmitted to the pad to resist the inertia
loads on the cask due to the loaded cask self mass. It is only these interface loads that are provided
herein for possible use in the ISFSI structural analyses. The inertia load associated with the seismic
excitation of the self mass of the slab needs to be considered in the lSFSI owner's assessment of
overall ISFSI system stability in the presence of large uplift, overturning, and sliding forces at the
base of the ISFSI pad. Such considerations are site specific and thus beyond the purview of this
document.

b. Load Combinations for the Concrete Pad

The notation and acceptance criteria ofNUREG-1536 apply.

Normal Events

Uc > 1.4D + 1.7L

Uc > 1.4D + 1.7 (L+H)
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Off-Normal Events

U, > 1.05D + 1.275 (L+H+T)
U, > 1.05D + 1.275 (L+H+T+W)

Accident-Level Events

Uc > D+L+H+T+F Uc > D+L+H+T+Wt
U, > D+LtH+Ta Uc > D+L+H+T+A
Uc > D+L+H+T+E

In all of the above load combinations, the loaded cask weight is considered as a live load L on the
pad. The structural analyses presented in Chapter 3 provide the interface loads contributing to "E",
"F" and "Wt", which, for high-seismic sites, are the most significant loadings. The above set of load
combinations can be reduced to a more limited set by recognizing that the thermal loads acting on
the ISFSI slab are small because of the low decayheat loads from the cask. In addition, standard
construction practices for slabs serve to ensure that extreme fluctuations in environmental
temperatures are accommodated without extraordinary design measures. Therefore, all thermal loads
are eliminated in the above combinations. Likewise, lateral soil pressure load "H" will also be
bounded by "F" (hydrological) and "E" (earthquake) loads. Accident loads "A", resulting from a
tipover, have no significance for an anchored cask. The following three load combinations are
therefore deemed sufficient for structural qualification of the ISFSI slab supporting an anchored cask.
system.

Normal Events

Uc > 1.413 + 1.7 (L)

Off-Normal Events

U, > 1.05D+ 1.275 (L+F)

Accident-Level Events

Uc > D+L+E (or WO)

c. Load Combination for the Anchor Studs

The attachment bolts are considered to be governed by the ASME Code, Section I1I, Subsection NF
and Appendix F [2.0.7]. Therefore, applicable load combinations and allowable stress limits for the
attachment bolts are as follows:

Event Class and Load Governing ASME Code Section
Combination III Article for Stress Limits

Normal Events
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D NF-3322.1, 3324.6
Off-Normal Events

D+F NF-3322.1, 3324.6 with all stress
limits increased by 1.33

Accident-Level Events

D+E and D+Wt Appendix F, Section F-1334, 1335

2.0.4.3 Limiting Design Parameters

Since the loaded HI-STORM overpack will be carried over the pad, the permissible lift height for the
cask must be determined site-specifically to ensure the integrity of the storage system in the event of
a handling accident (uncontrolled lowering of the load). To determine the acceptable lift height, it is•
necessary to set down the limiting ISFSI design parameters.. The limiting design parameters for an
anchored cask ISFSI pad and the anchor studs, as applicable, are tabulated in Table 2.0.4. The design
of steel embedments in reinforced concrete structures is governed by Appendix B of ACI-349-97.
Section B.5 in that appendix states that "anchorage design shall be controlled by the strength of
embedment steel...". Therefore, limits on the strength of embedment steel and on the anchor studs
must be set down not only for the purposes of quantifying structural margins for the design basis
load combinations, but also for the use of the ISFSI pad designer to establish the appropriate
embedment anchorage in the ISFSI pad. The anchored cask pad design parameters presented in
Table 2.0.4 allow for a much stiffer pad than the pad for free-standing HI-STORMs (Table 2.2.9).
This increased stiffness has the effect of reducing the allowable lift height. However, a lift height
for a loaded HI-STORM 100 cask(free-standing or anchored) is not required to be established if the
cask is being lifted with a lift device designed in accordance with ANSI N 14.6 having redundant
drop protection design features.

In summary, the requirements for the ISFSI pad for free-standing and anchored HI-STORM
deployment are similar with a few differences. Table 2.0.5 summarizes their commonality and
differences ina succinct manner with the basis for the difference fully explained.

2.0.4.4 Anchored Cask/ISFSI Interface

The contact surface between the baseplate of overpack and the top surface of the ISFSI pad defines
the structural interface between the HI-STORM overpack and the ISFSI pad. When HI-STORM is
deployed in an anchored configuration, the structural interface also includes the surface where the
nuts on the anchor studs bear upon the sector lugs on the overpack baseplate. The anchor studs and
their fastening arrangements into the ISFSI pad are outside of the structural boundary of the storage
cask. While the details of the ISFSI pad design for the anchored configuration, like that for the free-
standing geometry, must be custom engineered for each site, certain design and acceptance criteria
are specified herein (Appendix 2.A) to ensure that the design and construction of the pad fully
comports with the structural requirements of the HI-STORM System.
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Table 2.0.1
MPC DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference

Design Life: ..
Design 40 yrs. Table 1.2.2
License 20 yrs. 1OCFR72.42(a) and

10CFR72.236(g)
Structural:

Design Codes:
Enclosure Vessel ASME Code, Section III, 1OCFR72.24(c)(4) Section 2.0.1

_Subsection NB
Fuel Basket ASME Code, Section III, 1 OCFR72.24(c)(4) Section 2.0.1

Subsection NG for core supports
(NG-1121)

MPC Fuel Basket Supports ASME Code, Section III, 1 OCFR72.24(c)(4) Section 2.0.1
(Angled Plates) Subsection NG for internal

structures (NG-1 122)
MPC Lifting Points ANSI N14.6/NUREG-0612 IOCFR72.24(c)(4) Section 1.2.1.4

Dead Weightst:
Max. Loaded Canister (dry) : 90,000 lb. R.G. 3.61 Table 3.2.1

Empty Canister (dry) .42,000 lb. (MPC-24) R.G. 3.61 Table 3.2.1
45,000 lb. (MPC-24E/EF)

39,000 lb. (MPC-68/68F/68FF)
36,000 lb. (MPC-32)

Design Cavity Pressures:
Normal: 100 psig ANSI/ANS 57.9 Section 2.2.1.3

Off-Normal: 110 psig ANSI/ANS 57.9 Section 2.2.2.1
Accident (Internal) 200 psig ANSI/ANS 57.9 Section 2.2.3.8
Accident (External) 60 psig ANSI/ANS 57.9 Sections 2.2.3.6 and 2.2.3.10

Weights listed in this table are bounding weights. Actual weights will be less, and will vary based on as-built dimensions of the components, fuiel type, and the
presence of fuel spacers and non-fuel hardware.
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Table 2.0.1 (continued)
MPC DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference

Response and Degradation Limits SNF assemblies confined in dry, 1OCFR72.122(h)(I) Section 2.0.1
inert environment

Thermal:
Maximum Design Temperatures:

Structural Materials: _

Stainless Steel (Normal). 7250 F ASME Code Table 2.2.3
Section Ii, Part D

Stainless Steel (Accident). 950° F ASME Code Table 2.2.3
Section II, Part D

Neutron Poison: .
Neutron Absorber (normal) 8000 F See Table 4.3.1 and Section Table 2.2.3

.. __ • •1.2.1.3.1

Neutron Absorber (accident) 9500 F. See Table 4.3.1 and Section Table 2.2.3
1.2.1.3.1

Canister Drying <3 :torr for > 30 minutes (VDS)

<21 OF exitingthe
demoisturizer for > 30 NUREG-1536, ISG-11, Rev. Section 4.5, Appendix 2.B

" • 3

minutes. or~a dew point. of theS
MPC exit gas < 22.9°F for*

__ > 30 minutes(FHD)

Canister Backfill Gas Helium Section 4.4

Canister Backfill Varies (see Table 1.2.2) Thermal Analysis Section 4. 4
Fuel cladding temperature limit for Glogtr trgodtosI.- 752°'F (400 . C) ISG- 11, Rev ..3 Section 4.3
long; term storag;e conditions .'~0'(0 C

Fuel cladding temperature limit for 752°F (4.00 'C), except certain.
normal short-term operating . MPCs containing all moderate
conditions (e.g., MPC drying and burnup fuel (MBF) may use ISG- 11, Rev. 3 Sections 4.3 and 4.5
onsite transport) 1058°F.(570°C) for normal

"_short-term operating conditions 1
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Table 2.0.1 (continued)
MPC DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference

Fuel cladding temperature limit for 1058- F (570 °C) ISG-1 1, Rev. 3 Sections 2.0.1 and 4.3

Off-Normal and Accident Events
Insolation Protected by overpack or Section 4.3

____HI-TRAC

Confinement: 10CFR72.128(a)(3) and
'.__" _1OCFR72.236(d) and (e)

Closure Welds: .______
Shell Seams and Shell-to- Full Penetration Section 1.5 and Table 9.1.4
Baseplate _

MPC Lid Multi-pass Partial Penetration 10CFR72.236(e) Section 1.5 and Table 9.1.4

MPC Closure Ring Partial Penetration

Port Covers Partial Penetration

NDE:
Shell Seams and Shell-to- 100% RT or UT Table 9.1.4

Baseplate
MPC Lid Root Pass and Final Surface Chapter 8 and

100% PT, Table 9.1.4
Volumetric Inspection or

100% Surface PT each 3/8" of
•_weld depth,

Closure Ring Root Pass (if more than one pass Chapter 8 and
is required) and Final Surface Table 9.1.4

.. __ 1.i00% PT
Port Covers Root Pass (if more than one pass . Chapter 8 and

is required) andFinal Surface Table 9.1.4
100% PT

Leak Testing: "_.._._.-_..
Welds Tested .. Port covers-to-MPC lid - • " Section 9.1

Medium Helium ANSI N14,5 Section 9.1

Max. Leak Rate Leaktight ANSI N14.5 Section 9.1

Monitoring System . . None 10CFR72.128(a)(1). Section 2.3.2.1
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Table 2.0.1 (continued)
MPC DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference

Pressure Testing:
Minimum Test Pressure. 125 psig. (hydrostatic) Sections 8.1 and 9.1

:120 psig (pneumatic)

Welds Tested MPC Lid-to-Shell, MPC Shell Sections 8.1 and 9.1
seams, MPC Shell-to-Baseplate

Medium Water or helium Section 8.1 and Chapter 9

Retrievability:
Normal and Off-normal: No Encroachment on Fuel 1OCFR72.122(f) & (1) Sections 3.4 and 3.1.2

Post (design basis) Accident - Assemblies

Criticality: IOCFR72.124 &
_10CFR72.236(c)

Method of Control Fixed Borated Section 2.3.4
Neutron Absorber,. Geometry,

and Soluble Boron

Min. l'B Loading 0.0267/0.0223 g/cm 2 (MPC-24) Sections 2.1.8 and 6.1
(Boral/METAMIC®) 0.0372/0.03 10 g/cm2 (MPC-68,

MPC-68FF, MPC-24E,MPC-
24EF, MPC-32 and MPC-32F)

0.01 g/cm2 (MPC-68F)
Minimum Soluble Boron Varies (see Tables 2.1.14 Criticality Analysis Sections 2.1.9 and 6.1

and 2.1.16)

Max. kff 0.95 . Sections 6.1 and 2.3.4

Min. Burnup 0.0 GWd/MTU (fresh fuel) Section 6.1

Radiation Protection/Shielding: IOCFR72.126, &
_1OCFR72.128(a)(2)

MPC:
(normal/off-normal/accident)

MPC Closure ALARA IOCFR20 Sections 10.1, 10.2, & 10.3

MPC Transfer ALARA IOCFR20 Sections 10.1, 10.2, & 10.3
Exterior of Shielding:
(normal/off-normal/accident) I
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Table 2.0.1 (continued)
MPC DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference

Transfer Mode Position See Table 2.0.3 IOCFR20 Section 5.1.1
ISFSI Controlled Area Boundary See Table 2.0.2 1OCFR72.104 & Section 5.1.1 and Chapter 10

•__1OCFR72.106

Design Bases: __1OCFR72.236(a)

Spent Fuel Specification:
Assemblies/Canister Up to 24 (MPC-24, MPC-24E & Table 1.2.1 and Section 2.1.9

MPC-24EF)
Up to 32 (MPC-32 and MPC-32F)
Up to 68 (MPC-68, MPC-68F, &

_MPC-68FF)

Type of Cladding ZR and Stainless Steel Section 2.1.9

Fuel Condition Intact, Damaged, and Debris Sections 2.1.2, 2.1.3, and
_2.1.9

PWR Fuel Assemblies:
Type/Configuration Various Section 2.1.9

Max. Burnup 68,200 MWD/MTU -_Sections 2.1.9 and 6.2

Max. Enrichment Varies by fuel design Table 2.1.3 and Section 2.1.9

Max. Decay Heat/ MPCt: *28.74 kW Section 4.4

Minimum Cooling Time: 3 years (IntactZR.Clad Fuel) Section 2.19
8 years (Intact SSClad Fuel)

Max. Fuel Assembly Weight: 1,680 lb. Section 2.1.9
(including non-fuel hardware and DFC,

as applicable)
Max. Fuel Assembly Length: 176.8 in. Section 2.1.9

(Unirradiated Nominal) "
Max. Fuel Assembly Width 8.54 in. Section 2.1.9

t Section 2.1.9.1 describes the decay heat limits per assembly
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Table 2.0.1 (continued)
MPC DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference

(Unirradiated Nominal) _

BWR Fuel Assemblies:
Type Various Sections 2.1.9 and 6.2

Max. Bumup 65,000 MWD/MTU - Section 2.1.9

Max. Enrichment Varies by fuel design - Section 2.1.9, Table 2.1.4

Max. Decay Heat/ MPC. 28.19 kW. Section 4.4

Minimum Cooling Time: 3 years (Intact ZR Clad Fuel) Section 2.1.9
8 years (Intact SS Clad Fuel)

Max. Fuel Assembly Weight:
w/channels and DFC, as 700 lb. Section 2.1.9

applicable
Max. Fuel Assembly Length 176.5in. '."Section 2.1.9

(Unirradiated Nominal)
Max. Fuel Assembly Width 5.85- in. Section 2.1.9

(Unirradiated Nominal)
Normal Design Event Conditions: IOCFR72.122(b)(1)

Ambient Temperatures See Tables 2.0.2 and 2.0.3 ANSI/ANS 57.9 Section 2.2.1.4

Handling: Section 2.2.1.2

Handling Loads 115% of Dead Weight CMAA #70 Section 2.2.1.2

Lifting Attachment Acceptance 1/10 Ultimate NUREG-0612 Section 3.4.3

Criteria 1/6 Yield ANSI N 14.6
Attachment/Component 1/3 Yield Regulatory Guide 3.61 Section 3.4.3

Interface Acceptance Criteria
Away from Attachment ASME Code ASME Code Section 3.4.3

Acceptance Criteria Level A
Wet/Dry Loading Wet or Dry Section 1.2.2.2

Transfer Orientation Vertical - Section 1.2.2.2

Storage Orientation Vertical Section 1.2.2.2

Section 2.1.9.1 describes the decay heat limits perassembly.
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Table 2.0.1 (continued)
MPC DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference

Fuel Rod Rupture Releases:
Source Term Release Fraction 1% NUREG-1536 Sections 2.2.1.3

Fill Gases 100% NUREG-1536 Sections 2.2.1.3
Fission Gases 30% NUREG-1536 Sections 2.2.1.3

Snow and Ice Protected by Overpack ASCE 7-88 Section 2.2.1.6
Off-Normal Design Event Conditions: 1OCFR72.122(b)(1)

Ambient Temperature See Tables 2.0.2 and 2.0.3 ANSI/ANS 57.9 Section 2.2.2.2
Leakage of One Seal N/A ISG-18 Sections 2.2.2.4 and 7.1
Partial Blockage of Overpack Air Inlets Two Air Inlets Blocked Section 2.2.2.5

Source Term Release Fraction:
Fuel Rod Failures 10% NUREG-1536 Sections 2.2.2.1

Fill Gases 100% NUREG-1536 Sections 2.2.2.1
Fission Gases 30% NUREG-1536 Sections 2.2.2.1

Design-Basis (Postulated) Accident Design Events and Conditions: IOCFR72.24(d)(2) &
I OCFR72.94

Tip Over See Table 2.0.2 Section 2.2.3.2
End Drop See Table 2.0.2 Section 2.2.3.1
Side Drop See Table 2.0.3 Section 2.2.3.1
Fire See Tables 2.0.2 and 2.0.3 1OCFR72.122(c) Section 2.2.3.3
Fuel Rod Rupture Releases:

Fuel Rod Failures (including 100% NUREG-1536 Sections 2.2.3.8
non-fuel hardware)
Fill Gases 100% NUREG-1536 Sections 2.2.3.8
Fission Gases 30% NUREG-1536 Sections 2.2.3.8
Particulates & Volatiles See Table 7.3.1 Sections 2.2.3.9
Confinement Boundary.Leakage None ISG-18 Sections 2.2.3.9 and 7.1

Explosive Overpressure 60 psig (external) 1OCFR72.122(c) Section 2.2.3.10
Airflow Blockage:

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

Rev. 6
2.0-21

HI-STORM 100 FSAR Revision 6; February 7, 2008



Table 2.0.1 (continued)
MPC DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference

Vent Blockage 100% of Overpack Air 1OCFR72.128(a)(4)
___ " Inlets Blocked Section 2.2.3.13

Partial Blockage of MPC Basket Vent Crud Depth ESEERCO Project Section 2.2.3.4
Holes (Table 2.218) EP91-29

Design Basis Natural Phenomenon Design Events and Conditions: 1OCFR72.92 &
___I OCFR72.122(b)(2)

Flood Water Depth 125 ft. ANSI/ANS 57.9 Section 2.2.3.6
Seismic See Table 2.0.2 1OCFR72.102(f) Section 2.2.3.7
Wind Protected by Overpack ASCE-7-88 Section 2.2.3.5
Tornado & Missiles Protected by Overpack RG 1.76 & NUREG-0800 Section 2.2.3.5
Burial Under Debris Maximum Decay Heat Load -_Section 2.2.3.12
Lightning See Table 2.0.2 NFPA 78 Section 2.2.3.11
Extreme Environmental See Table 2.0.2 Section 2.2.3.14
Temperature _
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Table 2.0.2
HI-STORM OVERPACK DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference
Design Life:

Design 40 yrs. -_Section 2.0.2
License 20 yrs. I OCFR72.42(a) &

IOCFR72.236(g)

Structural:
Design & Fabrication Codes: _

Concrete ___

Design ACI 349 as-clarified in IOCFR72.24(c)(4) Section 2.0.2 and
Appendix I.D Appendix 1.D

Fabrication ACI 349 as clarified in IOCFR72.24(c)(4) Section 2.0.2 and
Appendix L.D __Appendix I.D

Compressive Strength ACI 318-95as clarified in 1OCFR72.24(c)(4) Section 2.0.2 and
... Appendix 1.D Appendix 1.D

Structural Steel
Design ASME Code Section III, 1OCFR72.24(c)(4) Section 2.0.2

Subsection NF
Fabrication ASME Code Section III, 1OCFR72.24(c)(4) Section 2.0.2

Subsection NF
Dead Weightst:

Max. Loaded MPC (Dry) 90,000 lb. (MPC- 32) R.G. 3.61 Table 3.2.1
Max. Empty Overpack 270,000/320,000 lb. R.G. 3.61 Table 3.2.1
Assembled with Top Lid

(150 pcf concrete/200pcf concrete)
Max. MPC/Overpack 360,000/410,000 lb. R.G. 3.61 Table 3.2.1

(150 pcf concrete/200pcf concrete)
Design Cavity Pressures N/A Section 2.2.1.3

Weights listed in this table are bounding weights. Actual weights will be less, and will vary based on as-built dimensions of the components, fuel type, and the
presence of fuel spacers and non-fuel hardware, as applicable.
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Table 2.0.2 (continued)
HI-STORM 100 OVERPACK DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference

Response and Degradation Limits Protect MPC from deformation 10CFR72.122(b) Sections 2.0.2 and 3.1

________ 1OCFR72.122(c).
Continued adequate performance IOCFR72.122(b)
of overpack .OCFR72.122(c)

Retrieval of MPC 10CFR72.122(1)

Thermal: _

Maximum Design Temperatures: .... _"

Concrete
Through-Thickness Section 3000 F ACI 349, Appendix A Section 2.0.2, and Tables
Average (Normal) (Paragraph A.4.3) 1.D.1 and 2.2.3

Through-Thickness Section 3500 F ACI 349 Appendix A Section 2.0.2, and Tables
Average (Off-normal and (Paragraph A.4.2) 1.D. I and 2.2.3
Accident)-
Steel Structure (other than lid 3500 F 'ASME Code Table 2.2.3

bottom and top plates) Section II, Part D
Lid Bottom and Top Plates 450OF

Insolation: Averaged Over 24 Hours I OCFR71.71 Section 4.4.1.1.8

Confinement: None 1OCFR72.128(a)(3) & N/A
"_ 1OCFR72.236(d) & (e)

Retrievability:
Normal and Off-normal No damage that precludes 1OCFR72.122(f) & (1) Section 3.4

Accident Retrieval of MPC Section 3.4

Criticality: Protection of MPC and Fuel IOCFR72.124 & Section 6.1
Assemblies IOCFR72.236(c)

Radiation Protection/Shielding: IOCFR72.126 &
1OCFR72.128(a)(2)

Overpack
(Normal/Off-normal/Accident)

Surface ALARA IOCFR20 Chapters 5 and 10

Position ALARA IOCFR20 Chapters 5 and 10
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Table 2.0.2 (continued)
HI-STORM 100 OVERPACK DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference

Beyond Controlled Area During 25 mrem/yr. to whole body IOCFR72.104 Sections 5.1.1, 7.2, and 10.1
Normal Operation and Anticipated 75 mrem/yr. to thyroid
Occurrences 25 mrem/yr. to any critical organ
At Controlled Area Boundary from 5 rem TEDE or sum of DDE IOCFR72.106 Sections 5.1.2, 7.3, and 10.1
Design Basis Accident and CDE to any individual organ

or tissue (other than lens of eye)
< 50 rem. 15 rem lens dose. 50
rem shallow dose to skin or
extremity.

Design Bases: ....
Spent Fuel Specification See Table 2.0.1 10CFR72.236(a) Section 2.1.9

Normal Design Event Conditions: "I OCFR72.122(b)(1)
Ambient Outside Temperatures:

Max. Yearly Average 800 F ANSI/ANS 57.9 Section 2.2.1.4

Live Load: ANSI/ANS 57.9
Loaded Transfer Cask (max.) 250,000 lb. R.G. 3.61 • Table 3.2.4

(HI-TRAC 125 Section 2.2.1.2
w/transfer lid)

Dry Loaded MPC (max.) 90,000 lb. R.G. 3.61 Table 3.2.1 and
Section 2.2.1.2

Handling: Section 2.2.1.2
Handling Loads 115% of Dead Weight CMAA #70 Section 2.2.1.2
Lifting Attachment Acceptance 1/10 Ultimate NUREG-0612 . Section 3.4.3
Criteria 1/6 Yield ANSI N14;6

Attachment/Component 1/3 Yield Regulatory Guide 3.61 Section 3.4.3
Interface Acceptance Criteria
Away from Attachment ASME Code ASME Code Section 3.4.3

Weights listed in this table are bounding weights. Actual weights will be less, and will vary based on as-built dimensions of the components, fuel type, and the
presence of fuel spacers and non-fuel-hardware, as applicable.
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Table 2.0.2 (continued)
HI-STORM 100 OVERPACK DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference

Acceptance Criteria Level A
Minimum Temperature During Q0 F ANSI/ANS 57.9 Section 2.2.1.2

Handling Operations
Snow and Ice Load 100 lb./fti ASCE 7-88 Section 2.2.1.6

Wet/Dry Loading Dry.. Section 1.2.2.2

Storage Orientation Vertical Section 1.2.2.2

Off-Normal Design Event Conditions: _10OCFR72.122(b)(1)

Ambient Temperature ._"
Minimum -400 F ANSI/ANS 57.9 Section 2.2.2.2

Maximum 1000 F ANSI/ANS 57.9 Section 2.2.2.2

Partial Blockage of Air Inlets Two Air Inlet Section 2.2.2.5
Ducts Blocked

Design-Basis (Postulated) Accident Desi n Events and Conditions: I OCFR72.94

Drop Cases:
End 11 in. -_Section 2.2.3.1

Tip-Over Assumed (Non-mechanistic) - Section 2.2.3.2

(Not applicable for HI-STORM IOA) _

Fire:
Duration 217 seconds I OCFR72.122(c) Section 2.2.3.3

Temperature 1,4750 F 1OCFR72.122(c) Section 2.2.3.3

Fuel Rod Rupture See Table 2.0.1 - Section 2.2.3.8

Air Flow Blockage:
Vent Blockage 100% of Air Inlets Blocked 1OCFR72.128(a)(4) Section 2.2.3.13

Ambient Temperature 800 F 1OCFR72.128(a)(4) Section 2.2.3.13

Explosive Overpressure External 10 psid instantaneous, 5 psid 10 CFR 72.128(a)(4) Table 2.2.1

Differential Pressure steady state
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Table 2.0.2 (continued)
HI-STORM 100 OVERPACK DESIGN CRITERIA SUMMARY

Type Criteria Basis. FSAR Reference
Design-Basis Natural Phenomenon Design Events and Conditions: iOCFR72.92 &

1 OCFR72.122(b)(2)
Flood

Height 125 ft. RG 1.59 Section 2.2.3.6
Velocity 15 ft/sec. RG 1.59 Section 2.2.3.6

Seismic
Max. acceleration at top of Free Standing: IOCFR72.102(f) Section 3.4.7.1
ISFSI pad GH + 0.53Gv < 0.53 Section 3.4.7.3

Anchored:
•GH<2.12, Gv 1.5

Tornado
Wind

Max. Wind Speed 360 mph RG 1.76 Section 2.2.3.5
Pressure Drop 3.0 psi RG 1.76 Section 2.2.3.5

Missiles Section 2.2.3.5
A utom obile ... .... . . ... ..

Weight 1,800 kg NUREG-0800 Table 2.2.5
Velocit 126 mph NUREG-0800 Table 2.2.5

Rigid Solid Steel Cylinder
Weight 125 kg NUREG-0800 Table 2.2.5
Velocity 126 mph NUREG-0800 Table 2.2.5
Diameter 8 in. NUREG-0800 Table 2.2.5

Steel Sphere
Weight 0.22 kg NUREG-0800 Table 2.2.5

Velocity 126 mph NUREG-0800 Table 2.2.5
Diameter 1 in. NUREG-0800 Table 2.2.5

Burial Under Debris Maximum Decay Heat Load -_Section 2.2.3.12
Lightning Resistance Heat-Up NFPA 70 & 78 Section 2.2.3.11
Extreme Environmental 1250 F Section 2.2.3.14
Temperature

Load Combinations: " See Table 2.2.14 and Table 3.1.5 ANSI/ANS 57.9 and Section 2.2.7
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Table 2.0.2 (continued)
HI-STORM 100 OVERPACK DESIGN CRITERIA SUMMARY

, Type [ Criteria Basis FSAR Reference
NUREG-1536 I
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TABLE 2.0.3
HI-TRAC TRANSFER CASK DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference
Design Life:

Design 40 yrs. Section 2.0.3

License 20 yrs.. IOCFR72.42(a) &
_10CFR72:236(g)

Structural:

Design Codes:

Structural Steel ASME Code, Section II1, 10CFR72.24(c)(4) Section 2.0.3
•_Subsection NF

Lifting Trunnions NUREG-0612 & ANSI N14.6 IOCFR72.24(c)(4)
Section 1.2.1.4

Dead Weightst:
Max. Empty Cask: _

w/top lid and pool lid installed 143,500 lb. (HI-TRAC 125) R.G. 3.61 Table 3.2.2

and water jacket filled 102,000 lb. (HI-TRAC 100)
102,000 lb. (HI-TRAC IOOD)
146,000 lb. (HI-TRAC 125D)

w/top lid and transfer lid 155,000 lb. (HI-TRAC 125) R.G. 3.61 Table 3.2.2

installed and water jacket filled 111,000 lb. (HI-TRAC 100)

(N/A for HI-TRAC 100D and
125D) -

Max. MPC/HI-TRAC with 250,000 lb. (HI-TRAC 125 and R.G. 3.61 Table 3.2.4

Yoke (in-pool lift): 125D)
200,000 lb. (HI-TRAC. 100 and

IOOD)
Design Cavity Pressures:

HI-TRAC Cavity Hydrostatic ANSI/ANS 57.9 Section 2.2.1.3

Water Jacket Cavity 60 psig (internal) ANSI/ANS 57.9 Section 2.2.1.3

t Weights listed in this table are bounding weights. Actual weights will be less, and will vary based on as-built dimensions of the components, fuel type, and the

presence of fuel spacers and non-fuel hardware, as applicable.
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TABLE 2.0.3 (continued)
HI-TRAC TRANSFER CASK DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference

Response and Degradation Limits Protect MPC from deformation 1OCFR72.122(b) Section 2.0.3
1OCFR72.122(c)

Continued adequate performance 1OCFR72.122(b)
of HI-TRAC transfer cask I.OCFR72.122(c)

• Retrieval of MPC 1OCFR72.122(1)

Thermal:
Maximum Design Temperature

Structural Materials 4000 F ASME Code Table 2.2.3
•_Section II, Part D

Shielding Materials
Lead 3500 F (max.) Table 2.2.3

Liquid Neutron Shield 3070 F (max.) - Table 2.2.3

Solid Neutron Shield 3000 F (max.) (long term) Test Data Appendix 1 .B and Table 2.2.3
350'F (max.) (short term)

Insolation: Averaged Over 24 Hours. IOCFR71.71, Section 4.5.1.1.3

Confinement: None 1OCFR72.128(a)(3) & N/A
•_I OCFR72.236(d) & (e)

Retrievability:
Normal and Off-normal No encroachment on MPC 1OCFR72.122() & (1) Section 3.4

After Design-basis (Postulated)
Accident -_Sectio 3.4

Criticality: Protection of MPC and lOCFR72; 124 & Section 6.1
Fuel Assemblies IOCFR72.236(c)

Radiation Protection/Shielding: IOCFR72.126 &
I OCFR72.128(a)(2)

Transfer Cask
(Normal/Off-normal/Accident)

Surface ALARA IOCFR20 Chapters 5 and 10

Position ALARA 10CFR20 Chapters 5 and 10
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TABLE 2.0.3 (continued)
HI-TRAC TRANSFER CASK DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference
Design Bases:

Spent Fuel Specification See Table 2.0.1 1OCFR72.236(a) Section 2.1

Normal Design Event Conditions: 1OCFR72.122(b)(1)
Ambient Temperatures: '

Lifetime Average 1000 F ANSI/ANS 57.9 Section 2.2.1.4
Live Loadt

Max. Loaded Canister
Dry 90,000 lb. R.G. 3.61 Table 3.2.1
Wet (including water in HI- 106,570 lb. R.G. 3.61 Table 3.2.4
TRAC annulus) ....

Handling: Section 2.2.1.2
Handling Loads 115% of Dead Weight CMAA #70 Section 2.2.1.2
Lifting Attachment Acceptance. .1/1!0 Ultimate NUREG-0612 Section 3.4.3

Criteria 1/6 Yield ANSI N14.6
Attachment/Component 1/3 Yield Regulatory Guide 3.61 Section 3.4.3
Interface AcceptanceCriteria '_. _ __._ _ _ _ _ "
Away from Attachment ASME Code ASME Code Section 3.4.3
Acceptance Criteria Level A
Minimum Temperature for 00 F ANSI/ANS 57.9 Section 2.2.1.2
Handling Operations ._..__ _•

Wet/Dry Loading Wet or Dry _._"Section 1.2.2.2
Transfer Orientation Vertical _ ___ •_. _Section 1.2.2.2
Test Loads: _ _ __._"

Trunnions.. 300% of vertical design load NUREG-0612 Section 9.1.2.1
.. .. ___• • ... & ANSI N14.6

Off-Normal Design Event Conditions: I'OCFR72.122(b)(1)
Ambient Temperature .__.

Minimum 00 F ANSI/ANS 57.9 Section 2.2.2.2
Maximum 1000 F ANSI/ANS 57.9 Section 2.2.2.2

t Weights listed in this table are bounding weights. Actual weights will be less, and will vary based on as-built dimensions of the components, fuel type, and the

presence of fuel spacers and non-fuel hardware, as applicable.
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TABLE 2.0.3 (continued)
HI-TRAC TRANSFER CASK DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference
Design-Basis (Postulated) Accident Design Events and Conditions: 1OCFR72.24(d)(2)

& 1OCFR72.94
Side Drop 42 in. Section 2.2.3.1
Fire

Duration .4.8 minutes I OCFR72.122(c) Section 2.2.3.3
Temperature 1,4750 F I OCFR72.122(c) Section 2.2.3.3

Fuel Rod Rupture See Table 2.0.1 Section 2.2.3.8
Design-Basis Natural Phenomenon Design Events and Conditions: 10CFR72.92

_____ ____ & IOCFR72.122(b)(2)
Missiles Section 2.2.3.5

Automobile " ___" _ ___

Weight 1800 kg NUREG-0800 Table 2.2.5
Velocity 126 mph NUREG-0800 Table 2.2.5

Rigid Solid Steel Cylinder _ _....

Weight 125 kg NUREG-0800 Table 2.2.5
Velocity 126 mph NUREG-0800 Table 2.2.5
Diameter 8 in. NUREG-0800 Table 2.2.5

Steel Sphere -_"_ __"

Weight 0.22 kg NUREG-0800 Table 2.2.5
Velocity 126 mph NUREG-0800 Table 2.2.5
Diameter 1 in. NUREG-0800 Table 2.2.5

Load Combinations: See Table 2.2.14 and Table 31.5 ANSI/ANS-57.9 & Section 2.2.7
NUREG-1536
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TABLE 2.0.4
LIMITING DESIGN PARAMETERS FOR ISFSI PADS AND ANCHOR STUDS FOR HI-STORM 1O0A

Item Maximum Permitted Value" Minimum Permitted Value
ISFSI PAD

Pad Thickness --- 48 inches
Subgrade Young's Modulus from Static Tests --- 10,000 psi
(needed if pad is not founded on rock)
Concrete compressive strength at 28 days "_._4,000 psi

ANCHOR STUDS
Yield Strength at Ambient Temperature None 80,000 psi
Ultimate Strength at Ambient Temperature None 125,000 psi
Initial Stud Tension 65 ksi 55 ksi

t Pad and anchor stud parameters to be determined site-specifically, except where noted.
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TABLE 2.0.5
ISFSI PAD REQUIREMENTS FOR FREE-STANDING AND ANCHORED HI-STORM INSTALLATION

Item Free-Standing Anchored Comments

1. Interface between cask Contact surface between cask Same as free-standing with the All components below the top surface of the
and ISFSI and top surface of ISFSI.pad addition of the bearing surface ISFSI pad and in contact with the pad

between the anchor stud nut and concrete are part of the pad design. A non-
the overpack baseplate. (The integral component such as the anchor stud
interface between the anchor stud is not part of the embedment even though it
and the anchor receptacle is at the may be put in place when the ISFSI pad is
applicable threaded or bearing formed. The embedment for the load
surface). transfer from the anchor studs to the

concrete ISFSI pad shall be exclusively
_ _ _ _ _._cast-in-place.

2. Applicable ACI Code At the discretion of the ISFSI ACI-349-97. A later edition of this ACI-349-97 recognizes increased structural
owner. ACI-318 and ACI-349 Code may be used if a written' role of the ISFSI pad in an anchored cask
are available candidate codes. reconciliation is performed. storage configuration and imposes

requirements on embedment design.

3. Limitations on the pad Per Table 2.2.9 Per Table 2.0.4 In free-standing cask storage, the non-
design parameters mechanistic tipover requirement limits the

stiffness of the pad. In the anchored storage
configuration, increased pad stiffness is
permitted; however, the permissible HI-
STORM carry height is reduced.

4. HI-STORM Carry Height .11 inches (for ISFSI pad Determined site-specifically. Not Appendix 3.A provides the technical basis for
parameter Set A or Set B) or, applicable if the cask is lifted with free-standing installation. Depending on the final

otherwise, site-specific. Not a device designed in accordance ISFS! pad configuration (thickness, concrete

applicable ifthe cask is lifted *with ANSI N14.6 and having strength, subgrade,etc.), and the method of

with a device designed in redundant drop protection transport, an allowable carry height may need to

accordance with ANSI N14.6 features. be established.

and having redundant drop
protection features. "._
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TABLE 2.0.5 (continued)
ISFSI PAD REQUIREMENTS FOR FREE-STANDING AND ANCHORED HI-STORM INSTALLATION

Item Free-Standing Anchored Comments
5. Maximum seismic

input on the GH + liGv < [I GH < 2.12
pad/cask contact (see note 1 below)
surface. GH is the AND
vectorial sum of the
two horizontal ZPAs.Gv< 1.5
and Gv is the vertical
ZPA

6. Required minimum Greater than or equal to 0.53 (per Not applicable
value of cask to pad Table 2.2.9).
static coefficient of
friction (li, must be
confirmed by
testing if a value
greater than 0.53 is
used).

7. Applicable Wind and Per Table 2.2.4, missile and The maximum overturning The bases are provided in Section 3.4.8
Large Missile Loads wind loading different from the moment at the base of the cask due for free-standing casks; the limit for

tabulated values, require 1OCFR to lateral missile and/or wind anchored casks ensures that the anchorage
72.48 evaluation action must be less than I x 107 ft-. system will have the same structural

lb. margins established for seismic loading.

8. Small and medium Per Table 2.2.5, missiles and Same as for free-standing cask
missiles (penetrant wind loading different from the construction.
missile) tabulated value, require. IOCFR

72.48 evaluation.

9. Design Loadings for Per load combinations in Section Same as for free-standing cask.
the ISFSI Pad 2.0.4 using site-specific load:

Note 1 - GH and GV may be the coincident values of the instantaneous horizontal and vertical accelerations, and the inequality shall

be evaluated at each time step.
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2.1 SPENT FUEL TO BE STORED

2.1.1 Determination of The Design Basis Fuel

The HI-STORM 100 System is designed to store most types of fuel assemblies generated in the
commercial U.S. nuclear industry. Boiling-water reactor (BWR) fuel assemblies have been supplied
by The General Electric Company (GE), Siemens, Exxon Nuclear, ANF, UNC, ABB Combustion
Engineering, and Gulf Atomic. Pressurized-water reactor (PWR) fuel assemblies are generally
supplied by Westinghouse, Babcock & Wilcox, ANF, and ABB Combustion Engineering. ANF,
Exxon, and Siemens are historically the same manufacturing company under different ownership.
Within thisreport, SPC is used to designate fuel manufactured by ANF, Exxon, or Siemens.
Publications such as Refs. [2.1. 1] and [2.1.2] provide a comprehensive description of fuel discharged
from U.S. reactors. A centralobject in the design of the HI-STORM 100 System is to ensure that a
majority of SNF discharged from the U.S. reactors can be stored in one of the MPCs.

The cell openings and lengths in the fuel basket have been sized to accommodate the BWR and
PWR assemblies listed in Refs. [2.1.1] and [2.1.2] except as noted below. Similarly, the cavity
length of the multi-purpose canisters has been set at a dimension which permits storing most types of
PWR fuel assemblies and BWR fuel assemblies with or without fuel channels. The one exception is
as follows:

i. The South Texas Units 1 & 2 SNF, and CE 16x16 System 80 SNF are too long to be
accommodated in the available MPC cavity length.

In addition to satisfying the cross sectional and length compatibility, the active fuel region of the
SNF must be enveloped in the axial direction by the neutron absorber located in the MPC fuel
basket. Alignment ofthe neutron absorber with the active fuel region is ensured by the use of upper
and lower fuel spacers suitably designed to support the bottom and restrain the top of the fuel
assembly. The spacers axially position the SNF assembly such that its active fuel region is properly
aligned with the neutronabsorber in the fuel basket. Figure 2.1.5 provides a pictorial representation
of the fuel spacers positioning the fuel assembly active fuelregion. Both the upper and lower fuel

* spacers are designed to perform their function under normal,.off-normal, and accident conditions of
storage.

In summary, the geometric compatibility of the SNF with the MPC designs does not require the
definition of a design basis fuel assembly. This, however, is not the case for structural, confinement,
shielding, thermal-hydraulic, and criticality criteria. In fact, a particular fuel type in a category (PWR
or BWR) may not control the cask design in all of the above-mentioned criteria. To ensure that no
SNF listed in Refs. [2.1.1i] and [2.1.2] which is geometrically admissible in the MPC is precluded, it
is necessary to determine the governing fuel specification for each analysis criterion. To make the
necessary determinations, potential candidate fuel assemblies for each qualification criterion were
considered. Table 2.1.1 lists the PWR fuel assemblies that were evaluated. These fuel assemblies
were evaluated to define the governing design criteria for PWR fuel. The BWR fuel assembly
designs evaluated are listed in Table 2.1.2. Tables 2.1.3 and 2.1.4 provide the fuel characteristics
determined to be acceptable for storage in the HI-STORM 100 System. Section 2.1.9 summarizes the
authorized contents for the HI-STORM 100 System. Any fuel assembly that has fuel characteristics
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within the range of Tables 2.1.3 and 2.1.4 and meets the other limits specified in Section 2.1.9 is
acceptable for storage in the HI-STORM 100 System. Tables 2.1.3 and 2.1.4 present the groups of
fuel assembly types defined as "array/classes" as described in further detail in Chapter 6. Table 2.1.5
lists the BWR and PWR fuel assembly designs which are found to govern for three qualification
criteria, namely reactivity, shielding, and thermal. Substantiating results of analyses for the
governing assembly types are presented in the respective chapters dealing with the specific
qualification topic. Additional information on the design basis fuel definition is presented in the
following subsections.

2.1.2 Intact SNF Specifications

Intact fuel assemblies are defined as fuel.assemblies without known or suspected cladding defects
greater than pinhole leaks and hairline cracks, and which can be handled by normal means. The
design payload for the HI-STORM 1.00 System is intact ZR or stainless steel (SS) clad fuel
assemblies with the characteristics listed in Tables 2.1.17 through 2.1.24.

Intact fuel assemblies without fuel rods in fuel rod locations cannot be loaded into the HI-STORM
100 unless dummy fuel rods, which occupy a volume greater than or equal to the original fuel rods,
replace the missing rods prior to loading. Any intact fuel assembly that falls within the geometric,
thermal, and nuclear limits established for the design basis intact fuel assembly, as defined in Section
2.1.9 can be safely stored in the HI-STORM 100 System.

The range of fuel characteristics specified in Tables 2.1.3 and 2.1.4 have been evaluated in this
FSAR and are acceptable for storage in the HI-STORM 100 System within the decay heat, burnup,
and cooling time limits specified in Section 2.1.9 for intact fuel assemblies..

2.1.3 Damaged SNF and Fuel Debris Specifications

Damaged fuel and fuel debris are defined in Table 1.0.1.

To aid in loading and unloading, damaged fuel assemblies and fuel debris will be loaded into
stainless steel damaged fuel containers (DFCs) provided with mesh screens having between 40x40
and 250x250 openings per inch,for storage in the HI-STORM 100 System (see Figures 2.1.1•and
2.1.2B, C, and D). The MPC-24E and MPC 32 are designed to accommodate PWR damaged fuel.
The MPC-24EF and MPC-32F are designed to accommodate PWR damaged fuel and fuel debris.
The MPC-68 is designed to accommodate BWR damaged fuel. The MPC-68F and MPC-68FF are
designed to accommodate BWR damaged fuel and fuel debris. The appropriate structural, thermal,
shielding, criticality, and confinement analyses have been performed to account for damaged fuel
and fuel debris and are described in their respective chapters that follow. The limiting design
characteristics for damaged fuel assemblies and restrictions on the number and location of damaged
fuel containers authorized for loading in each MPC model are provided in Section 2.1.9. Dresden
Unit I fuel assemblies contained in Transnuclear-designed damaged fuel canisters and one Dresden
Unit 1 thoria rod canister have been approved for storage directly in the HI-STORM 100 System
without re-packaging (see Figures 2.1.2 and 2.1.2A).
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MPC contents classified as fuel debris are required to be stored in DFCs and in the applicable "F"
model MPC as specified in Section 2.1.9. The "F"(or "FF") indicates the MPC is qualified for
storage of intact fuel, damaged fuel, and fuel debris, in quantities and locations specified in Section
2.1.9. The basket designs for the standard and "F" model MPCs are identical. The lid and shell
designs of the "F" models are unique in that the upper shell portion of the canister is thickened for
additional strength needed under hypothetical accident conditions of transportation under 10 CFR
71. This design feature is not required for dry storage, but must be considered in fuel loading for dry
storage to ensure the dual purpose function of the MPC by eliminating the need to re-package the
fuel for transportation. Figure 2.1.9 shows the details of the differences between the standard and
"F" model MPC shells. These details are common for both the PWR and BWR series MPC models.

2.1.4 Deleted

2.1.5 Structural Parameters for Design Basis SNF

The main physical parameters of an SNF assembly applicable to the structural evaluation are the fuel
assembly length, envelope (cross sectional dimensions), and weight. These parameters, which define
the mechanical and structural design, are specified in Section 2.1.9. The centers. of gravity reported
in Section 3.2 are based on the maximum fuel assembly weight. Upper and lower fuel spacers (as
appropriate) maintain the axial position of the fuel assembly within the MPC basket and, therefore,
the location of the center of gravity. The upper and lower fuel spacers are designed to withstand
normal, off-normal, and accident conditions of storage. An axial clearance of approximately 2 to 2-.
1/2 inches is provided to account for the irradiation and thermal growth of the fuel assemblies. The
suggested upper and lower fuel spacer lengths are listed in Tables 2.1.9 and 2.1.10. In order to
qualify for storage in the MPC, the SNF must satisfy the physical parameters listed in Section 2.1.9.

2.1.6 Thermal Parameters for Design Basis SNF

The principal thermal design parameter for the stored fuel is the peak fuel cladding temperature,
which is a function of the maximum heat generation rate per assembly and the decayheat removal
capabilities of the HI-STORM 100 System. No attempt is made to link the maximum allowable
decay heat per fuel assembly with burnup, enrichment, or cooling time. Rather, the decay heat per
fuel assembly is adjusted to yield peak fuel claddingtemperatures with an allowance for margin to
the temperature limit. The same fuel assembly decay heats are used for all fuel assembly designs
within a given class of fuel assemblies (i.e., ZR clad PWR, stainless steel clad BWR, etc.).

To ensure the permissible fuel cladding temperature limits are not exceeded, Section 2.1.9 specifies
the allowable decay heat per assembly for each MPC model. For both uniform and regionalized
loading of moderate and high burnup fuel assemblies, the allowable decay heat per assembly is
presented in Section 2.1.9.

Section 2.1.9 also includes separate cooling time, burnup, and decay heat limits for uniform fuel
loading and regionalized fuel loading. Regionalized loading allows higher heat emitting fuel
assemblies to be stored in the center fuel storage locations than would otherwise be authorized for
storage under uniform loading conditions.
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The fuel cladding temperature is also affected by the heat transfer characteristics of the fuel
assemblies. There is no single fuel assembly design used in all thermal calculations that is bounding
of all others. Instead, each thermal calculation, comprising the overall thermal analysis presented in
Chapter 4, was performed using the fuel assembly design that results in the most conservative result
for the individual calculation. By always using the fuel assembly design that is most conservative for
a particular calculation, it is ensured that each calculation is bounding for all fuel assembly designs.
The bounding fuel assembly design for each thermal calculation and fuel type is provided in Table
2.1.5.

Finally, the axial variation in the heat generation rate in the design basis fuel assembly is defined
based on the axial burnup distribution. For this purpose, the data provided in Refs. [2.1.7] and [2.1.8]
are utilized and summarized in Table 2.1.11 and Figures 2.1.3 and 2.1.4 for reference. These
distributions are representative offuel assemblies with the design basis bumup levels considered.
These distributions are used for analyses only, and do not provide a criteria for fuel assembly
acceptability for storage in the HI-STORM 10O0System.

Except for MPC-68F, fuel maybe stored in the MPC using one of two storage strategies, namely,
uniform loading and regionalized loading. Uniform loading allows storage of any fuel assembly in
any fuel storage location, subject to additional restrictions, such as those for loading of fuel
assemblies containing non-fuel hardware as defined in Table 1.0.1. Regionalized fuel loading allows
for higher heat emitting fuel assemblies to be stored in the central core basket storage locations
(inner region) with lower heat emitting fuel assemblies in the peripheral fuel storage locations (outer
region). Regionalized loading allows storage of higher heat emitting fuel assemblies than would
otherwise be permitted using the uniform loading strategy. The definition of the regions for each
MPC model provided in Table 2.1.13. Regionalized fuel loading is not permitted in MPC-68F.

2.1.7 Radiological Parameters for Design Basis SNF

The principal radiological design criteria for the HI-STORM 100 System are the 1 OCFR72..104 site
boundary dose rate limits and maintaining operational dose rates as low as reasonably achievable
(ALARA). The radiation dose is directly affected by the gamma and neutron source terms of the
SNF assembly.

The gamma and neutron sources are separate and are affected differently by enrichment, burnup, and
cooling time. It is recognized that, at a given burnup, the radiological source terms increase
monotonically as the initial enrichment is reduced. The shielding design basis fuel assembly,
therefore, is evaluated at conservatively high burnups, low cooling times, and low enrichments, as
discussed in Chapter 5. The shielding design- basis fuel assembly thus bounds all other fuel
assemblies.

The design basis dose rates can be met by a variety of burnup levels and cooling times. Section 2.1.9.
provides the procedure for determining burnup and cooling time limits for all of the authorized fuel
assembly array/classes for both uniform fuel loading and regionalized loading. Table 2.1.11 and
Figures 2.1.3 and 2.1.4 provide the axial distribution for the radiological source terms for PWR and
BWR fuel assemblies based on the axial burnup distribution. The axial burnup distributions are
representative of fuel assemblies-with the design basis burnup levels considered. These distributions
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are used for analyses only, and do not provide a criteria for fuel assembly acceptability for storage in
the HI-STORM 100 System.

Thoria rods placed in Dresden Unit I Thoria Rod Canisters meeting the requirements of Table 2.1.12
and Dresden Unit 1 fuel assemblies with one Antimony-Beryllium neutron source have been
qualified for storage. Up to one Thoria Rod Canister is authorized for storage in combination with
other intact and damaged fuel, and fuel debris as specified in Section 2.1.9.

Non-fuel hardware, as defined in Table 1.0.1, has been evaluated and is authorized for storage in the
PWR MPCs as specified in Section 2.1.9.

2.1.8 Criticality Parameters for Design Basis SNF

As discussed earlier, the MPC-68, MPC-68F, MPC-68FF, MPC-32 and MPC-32F feature a basket
without flux traps. In the aforementioned baskets, there is one panel of neutron absorber between
two adjacent fuel assemblies. The MPC-24, MPC-24E, and MPC-24EF employ a construction
wherein two neighboring fuel assemblies are separated by two panels of neutron absorber with a
water gap between them (flux trap construction).

The minimum 10B areal density in the neutron absorber panels for each MPC model is shown in
Table 2.1.15.

For all MPCs, the 10B areal density used for the criticality analysis is conservatively established
below the minimum values shown in Table 2.1.15. For Boral, the value used in the analysis is 75%
of the minimum value, while for METAMIC, it is 90% of the minimum value. This is consistent
with NUREG-1536 [2.1.5] which suggests a25% reduction in !0B areal density credit when subject
to standard acceptance tests, and which allows a smaller reduction when more comprehensive tests
of the areal density are performed.

The criticality analyses for the MPC-24, MPC-24E and MPC-24EF (all with higher enriched fuel)
and for the MPC-32 and MPC-32F were. performedwith credit taken for soluble boron in the MPC
water during wet loading and unloading operations. Table 2.1.14 and 2.1.16 provide the required,
soluble boron concentrations for these MPCs.

2.1.9 Summary of Authorized Contents

Tables 2.1.3, 2.1.4, 2.1.12, and•2.1.17•through 2.1.29 together specify the limits for spent fuel and
non-fuel hardware authorized for storage in the HI-STORM 100 System. The limits in these tables
are derived from the safety analyses described in the following chapters of this FSAR. Fuel
classified as damaged fuel assemblies or fuel debris must be stored in damaged fuel containers for
storage in the HI-STORM 100 System.

Tables 2.1.17 through 2.1.24 are the baseline tables that specify the fuel assembly limits for each of
the MPC models, with appropriate references to the other tables in this section for certain other
limits. Tables 2.1.17 through 2.1.24 refer to Section 2.1.9.1 for ZR-clad fuel limits on minimum
cooling time, maximum decay heat, and maximum bumup for uniform and regionalized fuel loading.
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Limits on decay heat, burnup, and cooling time for stainless steel-clad fuel are provided in Tables
2.1.17 through 2.1.24.

2.1.9.1 Decay Heat, Burnup, and Cooling Time Limits for ZR-Clad Fuel

Each ZR-clad fuel assembly and any PWR integral non-fuel hardware (NFH) to be stored in the HI-
STORM 100 System must meet the following limits, in addition to meeting the physical limits
specified elsewhere in this section, to be authorized for storage in the HI-STORM 100 System. The
contents of each fuel storage location (fuel assembly and NFH) to be stored must be verified to have,
as applicable:

* A decay heat less than or equal to the maximum allowable value.

An assembly average enrichment greater than or equal to the. minimum value used in
determining the maximum allowable burnup.

* A burnup less than or equal to the maximum allowable value.

* A cooling time greater than or equal to the minimum allowable value.

The maximum allowable ZR-clad fuel storage location decay heat values are determined using the
methodology described in Section 2.1.9.1.1 or 2.1.9.1.2 depending on whether uniform fuel loading
or regionalized fuel loading is being implemented. The decay heat limits are independent of burnup,
cooling time, or enrichment and are based strictly on the thermal analysis described in Chapter 4.
Decay heat limits must be met for all contents in a fuel storage location (i.e., fuel and PWR non-fuel
hardware, as applicable).

The maximum allowable average burnup per fuel storage location is determined by calculation as a
function of minimum enrichment, maximum allowable decay heat, and minimum cooling time from
3 to 20 years, as described in Section 2.1.9.1.3.

Section 12.2.10 describes how compliance with these limits may be verified, including practical

examples.

2.1.9.1.1 Uniform Fuel Loading Decay Heat Limits for ZR-Clad Fuel

Table 2.1.26 provides the maximum allowable decay heat per fuel storage location for ZR-clad fuel
in uniform fuel loading for each MPC model.

Note that the stainless steel-clad fuel limits apply to all fuel in the MPC, if a mixture of stainless steel and ZR-
clad fuel is stored in the same MPC. The stainless steel-clad fuel assembly decay heat limits may be found in
Table 2.1.17 through 2.1.24
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2.1.9.1.2 Regionalized Fuel Loading Decay Heat Limits for ZR-Clad Fuel

Table 2.1.27 provides the maximum allowable decay heat per fuel storage location for ZR-clad
fuel in both the inner and outer regions for regionalized fuel loading in each MPC model.

2.1.9.1.3 Burnup Limits as a Function of Cooling Time for ZR-Clad Fuel

The maximum allowable ZR-clad fuel assembly average burnup varies with the following
parameters, based on the shielding analysis in Chapter 5:

• Minimum required fuel assembly cooling time
* Maximum allowable fuel assembly decay heat
* Minimum fuel assembly average enrichment

The calculation described in this section is used to determine the maximum allowable fuel assembly
burnup for minimum cooling times between 3 and 20 years, using maximum decay heat and
minimum enrichment as input values. This calculation may be used to create multiple burnup versus
cooling time tables for a particular fuel assembly array/class and different minimum enrichments.
The allowable maximum burnup for a specific fuel assembly may be calculated based on the
assembly's particular enrichment and cooling time.

(i) Choose a fuel assembly minimum enrichment, E 235.

(ii) Calculate the maximum allowable fuel assembly average burnup for a minimum cooling
time between 3 and 20 years using the equation below:

Bu (A x q) + (B x q 2) + (C x q3) + [D x (E 235)2] + (E x qx E235) + (F x q2 x E235) + G

Equation 2.1.9.3

Where:

Bu = Maximum allowable assembly average burnup (MWD/MTU)

q = Maximum allowable decay heat per fuel storage location determined in Section 2.1.9.1
or 2.1.9.2 (kW)

E235 = Minimum fuel assembly average enrichment (wt. % 235U)

(e.g., for 4.05 wt. %, use 4.05)

A through G = Coefficients from Tables 2.1.28 or 2.1.29 for the applicable fuel assembly
array/class and minimum cooling time.
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2.1.9.1.4 Other Considerations

In computing the allowable maximum fuel storage location decay heats and fuel assembly average
burnups, the following requirements apply:

* Calculated burnup limits shall be rounded down to the nearest integer

* Calculated burnup limits greater than 68,200 MWD/MTU for PWR fuel and 65,000
MWD/MTU for BWR fuel must be reduced to be equal to these values.

* Linear interpolation of calculated burnups between cooling times for a given fuel assembly
maximum decay heat, and minimum enrichment is permitted. For example, the allowable
bumup for a minimum cooling time of 4.5 years may be interpolated between those burnups
calculated for 4 and 5 years.

ZR-clad fuel assemblies must have a minimum enrichment, as defined in Table 1.0.1, greater
than or equal to the value Used in determining the maximum allowable burnup per Section
2.1.9.1.3 to be authorized for storage in the MPC.

When complying with the maximum fuel storage location decay heat limits, users must
account for the decay heat from both the fuel assembly and any PWR non-fuel hardware, as
applicable for the particular fuel storage location, to ensure the decay heat emitted by all
contents in a storage location does not exceed the limit.

Section 12.2.10 provides a practical example of determining fuel storage location decay heat,
burnup, and cooling time limits and verifying compliance for a set of example fuel assemblies.
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Table 2.1.1

PWR FUEL ASSEMBLIES EVALUATED TO DETERMINE DESIGN BASIS SNF

Assembly Array
Class Type

B&W 15x15 All

B&W 17xl7 All

CE 14x14 All

CE1 6x1 6 Allexcept
System 8 0 TM

WE 14x14 All

WE 15x15 All

WE 17x17 All

St. Lucie All

Ft. Calhoun All

Haddam Neck
(Stainless Steel All
Clad)

San Onofre I
(Stainless Steel All
Clad)

Indian Point 1 All
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Table 2.1.2

BWR FUEL ASSEMBLIES EVALUATED TO DETERMINE DESIGN BASIS SNF

Assembly Class Array Type

GE BWR/2-3 All 7x7 All 8x8 All All lOxlO
9x9

GE B WR/4-6

A All All IOxlO
All 7x7 All 8x8 9x~9x9

Humboldt Bay All 7x7 (ZRAClad)

Dresden-i All 6x6 All 8x8

LaCrosse
(Stainless Steel Clad) All
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Table 2.1.3
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly 14x14 A 14x14 B 14x14 C 14x14 D 14x14E
Array/ Class

Clad Material (Note 2) ZR ZR ZR SS SS

Design Initial U (kg/assy.) < 365 < 412 < 438 < 400 < 206
(Note 3)

Initial Enrichment
(MPC-24, 24E, and 24EF < 4.6 (24) <4.6 (24) <4.6(24) <4.0 (24)
without soluble boron N/A
credit) < 5.0 < 5.0 < 5.0 <.5.0
(wt % 235U) (24E/24EF) (24E/24EF) (24E/24EF) (24E/24EF) N/A
(Note 7) ....

Initial Enrichment
(MPC-24, 24E, 24EF, 32 <4.5
or 32F with soluble boron <50 <50 <50 _ (MPC-
credit - see Note 5) - - 32/32F
(wt % 

2 3 5 U) only -
Note 9)

No. of Fuel Rod Locations 179 .179 176 180 173

Fuel Clad O.D. (in.) > 0.400 > 0.417 > 0.440 > 0.422 > 0.3415

Fuel Clad I.D. (in.) < 0.3514 <0.3734 < 0.3880 < 0,3890 < 0.3175

Fuel Pellet Dia. (in.) < 0.3444 < 0.3659.. < 0.3805 < 0.3835 < 0.3130
(Note 8) -

Fuel Rod Pitch (in.). < 0.556 < 0.556 < 0.580 < 0.556 Note 6

Active Fuel Length (in-) < 150 < 150 < 150 < 144 < 102

No. of Guide and/or. 7 17 16 0
InstrumentTubes (Note 4)

Guide!Instrument Tube ..Guide/nstrument) T >0.0 17 >0.017 > 0.038 > 0.0 145 N/A
Thickness (in.)__
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Table 2.1.3 (continued)
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly 15x15 A 15x15 B 15x15 C 15x15 D 15x15 E 15x15 F
Array/Class

Clad Material ZR ZR ZR ZR ZR ZR
(Note 2)

Design Initial U
(kg/assy.) (Note 3) < 473 < 473 < 473 < 495 < 495 < 495

Initial Enrichment
(MPC-24,24E, < 4.1.(24) < 4.1 (24) < 4.1 (24) < 4.1 (24) < 4.1 (24) < 4.1 (24)
and 24EF without .
soluble boron 45 < 45 <45 <.45 < 45 _ 45
credit). < ... 5

(Wt % 2
11U) (24E/24EF) (24E/24EF) (24E/24EF) (24E/24EF) (24E/24EF) (24E/24EF)

(Note 7)

Initial Enrichment
(MPC-24, 24E,
24EF, 32 or 32F
with soluble boron < 5.0 < 5.0 < 5.0 < 5.0. < 5.0 < 5.0
credit - see Note
5)
(wt % 2 3 5

U)

No. of Fuel Rod 204 204 204 208 208 208
Locations
Fuel Clad O.D. •.. .
Ful Ca O> 0.4 18 > 0.420 > 0.417 > 0.430 > 0.428 > 0.428
(i n.)___

Fuel Clad I.D. <0.3660 < 0.3736 < 0.3640 < 0.3800. <.0.3790 < 0.3820
(in.) - -

FUel Pellet Dia. <0.3580 <0.3671 < 0.3570 < 0.3735 <0.3707 < 0.3742
(in.) (Note 8) 7

Fuel Rod Pitch 0
(in.) <0.550 < 0.563 .< 0.563. <0.568 <0.568 < 0.568

Active Fuel .....<150 < 150 < 150 < 150 . . _< 150 _< 150
Length (in.) <15 -

No. of Guide
and/or Instrument 21 21 21 17 17 17
Tubes

Guide/Instrument
Tube Thickness > 0.0165 > 0.015 > 0.0165 > 0.0150 > 0.0140 > 0.0140
(in.) I I I I I I
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Table 2.1.3 (continued)
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly 15x15 G 15x15H 16x16 A 17x17A 17x17 B 17x17 C
Array and Class

Clad Material SS ZR ZR ZR ZR ZR
(N o te 2 ) S S Z R _ _ _ _ _ _ _ _ _

Design Initial U
(kg/assy.) (Note < 420 < 495 < 448 < 433 < 474 < 480
.3)
Initial
Enrichment
(MPC-24, 24E, < 4.0 (24) <.3.8 (24) <4.6 (24) <4.0 (24) <4.0 (24) < 4.0 (24)
and 24EF without
soluble boron < 4.5 < 4.2 < 5.0 < 4.4 < 4.4 < 4.4
credit) (24E/24EF) (24E/24EF) (24E/24EF) (24E/24EF) (24E/24EF) (24E/24EF)
(wt % 23 5U)

(Note 7)_

Initial
Enrichment
(MPC-24, 24E,.
24EF, 32 or 32F < 5.0 < 5.0 < 5.0 <5.0 <5.0 <5.0
with soluble .....
boron credit - see
Note 5)
(wt % 

2 3 5
U). 

..

No. of Fuel Rod
Locations 204 208 236 264 264 264
.Fuel.•Clad O.D. > .3 2 i >0.7 •ueC D > 0.422 > 0.414 > 0.382 > 0.360 0.372 > 0.377

*(in.)__

Fuel Clad I.D.
Fuella< 0.3890 < 0.3700 _<0.3320 _<0.3150 <0.3310 < 0.3330
(ins.)__

Fuel Pellet Dia. < 0.3825 < 0.3622 < 0.3255 < 0.3088 < 0.3232 <0.3252
(in.) (Note 8) - - - - - .
Fuel Rod Pitch
(in.) R< 0.563. < 0.568 < 0.506 <0.496 < 0.496 < 0.502

ActiveFuel < 144 <150 < 150 < 150 <150 < 150
length (in.)

No. of Guide
and/or Instrument 21 17 5 (Note 4) 25 25 25
Tubes

Guide/Instrument
Tube Thickness > 0.0145 > 0.0 140 > 0.0400 > 0.0 16 > 0.014 > 0.020
(in.) I I I I
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Table 2.1.3 (continued)
PWR FUEL ASSEMBLY CHARACTERISTICS

Notes:

1. All dimensions are design nominal values. Maximum and minimum dimensions are specified to
bound variations in design nominal values among fuel assemblies within a given array/class.

2. See Table 1.0.1 for the definition of "ZR."

3. Design initial uranium weight is the nominal uranium weight specified for each assembly by the
fuel manufacturer or reactor user. For each PWR fuel assembly, the total uranium weight limit
specified in this table may be increased up to 2.0 percent for comparison with users' fuel records
to account for manufacturer's tolerances.

4. Each guide tube replaces four fuel rods.

5. Soluble boron concentration per Tables 2.1.14 and 2.1.16, as applicable.

6. This fuel assembly array/class includes only the Indian Point Unit 1 fuel assembly. This fuel
assembly has two pitches in different sectors of the assembly. These pitches are 0.441 inches and
0.453 inches.

7. For those MPCs loaded with both intact fuel assemblies and damaged fuel assemblies or fuel
debris, the maximum initial enrichment of the intact fuel assemblies, damaged fuel assemblies
and fuel debris is 4.0 wt.% 2 35U.

8. Annular fuel pellets are allowed in the top and bottom 12" of the active fuel length.

9. This fuel assembly array/class includes only the Indian Point Unit 1 fuel assembly. This
assembly class has been analyzed throughout this FSAR in all PWR MPCs, however it is only to
be loaded intothe MPC-32/32F.
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Table 2.1.4
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly 6x6 A 6x6 B 6x6 C 7x7 A 7x7 B 8x8 A
Array and Class

Clad Material ZR ZR ZR ZR ZR ZR
(Note 2)

Design InitialU <110 <110 <110 <100 <198 <120
(kg/assy.) (Note 3) <

Maximum Planar- < 2.7 for
Average Initial U0 2 rods.
Enrichment (wt.% < 2.7 See Note 4 < 2.7 < 2.7 < 4.2 < 2.7235 U) for MOX
(Note 14) rods

Initial Maximum
Rod Enrichment < 4.0 < 4.0 < 4.0 < 5.5 < 5.0 < 4.0
(wt.% 

2
1
35

U)

No. of Fuel Rod 35 or 36 (up
Locations 35 or 36 to 9 MOX 36 49 49 63 or 64

rods)

Fuel Clad O.D. > 0.5550 > 0.5625 > 0.5630 > 0.4860 > 0.5630 > 0.4120(in.) ...

Fuel Clad I.D. (in.) <04945 <0.4990 < 0.3620
< .95 <049 0.4990<0.5105 <0.4204

Fuel Pellet Dia. <0.4820 <0.4880 <0.4110 .3580
(in.) < 0.4980 ..... < 0.4910

Fuel Rod Pitch
(in.) < 0.710 < 0.710 <0.740 <0.631 <0.738 <0.523

Active Fuel Length
Ain,) uel.e ...h <120 <.120 <77.5, <80 .<150 <120
(in.)__

No. of Water Rods 1or0 1or0 0 0 0 1or0
(Note. 11) "

Water Rod N/A N/A >0
Thickness (in.) > 0 > 0 N/A

Channel Thickness <0.060 < 0.060 < 0.060 < 0.060 < 0. 120 <0.100
(in.)
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Table 2.1.4 (continued)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly 8x8 B 8x8 C 8x8 D 8x8 E 8x8F 9x9 A
Array and Class
Clad MaterialCaMterialZR ZR ZR ZR ZR ZR
(Note 2) _____ _____ __ ___

Design Initial U
(kg/assy.) < 192 < 190 < 190 < 190 < 191 < 180
(Note 3)

Maximum Planar-
Average Initial
Enrichment (wt.% < 4.2 < 4.2 < 4.2 < 4.2 < 4.0 <4.2235u)•

(Note 14) _

Initial Maximum
Rod Enrichment < 5.0 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
(wt.% 

2 3 5
U) _

No. of Fuel Rod 63 or 64 62 60 or 61 59 64 74/66
Locations 63_or 64 _62 60_or61_59 64 (Note 5)

Fuel Clad O.D. > 0.4840 > 0.4830 > 0.4830 -0.4930 >0.4576 > 0.4400
(in.) -

Fuel Clad I.D. (in.) < 0.4295 < 0.4250 < 0.4230 < 0.4250 < 0.3996 < 0.3840

Fuel Pellet Dia. <04160 <0.3913 <0.3760(in.) <0.4195 < 0.4160 <0.4140

Fuel Rod Pitch <0.640 < 0.640 < 0.609 < 0.566
(in.) <0.642 < 0.641 -

Design Active Fuel <150 <1 <10 <150 • <150 < 150
Length (in.) 7

No. of Water Rods 1-4 N/A 2INt or: l0r0 2 1-4

(Note. ..) (Note 7) _ _5 (Note 12)

Water Rod > 0.034 . > 0.00 > 0.00 > 0.034 > 0.0315 > 0.00
Thickness (in.)

Channel-Thickness < 0.120 <0.120 <0.120 < 0.100 < 0.055 < 0.120(i n.) ":...
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Table 2.1.4 (continued)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly 9x9 B 9x9 C 9x9 D 9x9 E 9x9 F 9x9 G
Array and Class (Note 13) (Note 13)

Clad Material ZR ZR ZR ZR ZR ZR
(Note 2)

Design Initial U
(kg/assy.) < 180 < 1.82 < 182 < 183 < 183 < 164
(Note 3)

Maximum Planar-
Average Initial
Enrichment (wt.% < 4.2 < 4.2 < 4.2 < 4.0 < 4.0 < 4.2
23 5

U)

(Note 14)

Initial Maximum
Rod Enrichment < 5.0 <5.0 < 5.0 <5.0 < 5.0: < 5.0
(wt.% 

2 3 5
U)

No. of Fuel Rod 72 80 79 76 76 72
Locations

Fuel Clad O.D.
> 0.4330 > 0.4230 >0.4240 > 0.4170 > 0.4430 > 0.4240

(in.)

Fuel Clad I.D. (in.) <0.3640 < 0.3640 < 0.3640
<0380 0.3640 < 0.3860

Fuel Pellet Dia. < 0.3740 < 0.3565 < 0.3565 < 0.3745 < 0.3565
(in.) ... .. .. < 0.3530
Fuel Rod Pitch
(in.)<<0.572 <0.572, <,0.572 < 0.572 < 0.572 < 0.572

Design Active Fuel
Length (in.) <150 < 150 <150 <150 <150 <150

No. of Water Rods 1 1 2 5 (oe6
(Note 1.) (Note 6) ' 1 __• 2 . ... 5 (Note*6)

Water Rod > 0.00 >0.020 > 0.0300. >0.0120 > 0.0120 >0.0320
Thickness (in.)_
Channel Thickness

<0.120 <0.100 <0.100 <0.120 <0.120 <0.120
(in.) I _ 1
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Table 2.1.4 (continued)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly Array 10xl0 A 10x10 B 10xO0 C 10x10 D 10xl0 E
and Class

Clad Material (Note 2) ZR ZR ZR SS SS

Design Initial U (kg/assy.)
(Note 3) < 188 < 188 < 179 < 125 < 125

Maximum Planar-Average
Initial Enrichment (wt.% <4.2 <4.2 <4.2 <4.0 4.0235 U) <
(Note 14) _

Initial Maximum Rod
Enrichment (wt.% 235U) <5.0 <5.0 < 5.0 <.5.0 < 5.0

No. of Fuel Rod Locations 92/78 91/83
(Note.8) (Note 9) _100 96

Fuel Clad O.D. (in.) > 0.4040 > 0.3957 > 0.3780 > 0.3960 > 0.3940

Fuel Clad I.D. (in.) < 0.3520 < 0.3480 < 0.3294 < 0.3560 < 0.3500

Fuel Pellet Dia. (in.) < 0.3455 < 0.3420 _< 0.3224 < 0.3500 < 0.3430

Fuel Rod Pitch (in.) <0.510 <0.510 <0.488 <0.565 -<0.557

Design Active Fuel < 150 <150 < 150 <83 <83
Length (in.) <

No. of Water Rods 1 0
(Note 11) 2 (Note 6)ý (Note 10) 0 4

Water Rod Thickness (in.) > 0.030 > 0.00 > 0.031 N/A > 0.022

Channel Thickness (in.) <0.120 <0.120 <0.055 <0.080 <0.080
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Table 2.1.4 (continued)
BWR FUEL ASSEMBLY CHARACTERISTICS

NOTES:

1. All dimensions are design nominal values. Maximum and minimum dimensions are specified
to bound variations in design nominal values among fuel assemblies within a given
array/class.

2. See Table 1.0.1 for the definition of"ZR."

3. Design initial uranium weight is the nominal uranium weight specified for each assembly by
the fuel manufacturer or reactor user. For each BWR fuel assembly, the total uranium weight
limit specified in this table may be increased up to 1.5 percent for comparison with users'
fuel records to account for manufacturer tolerances.

4. < 0.635 wt. % 235U and < 1.578 wt. % total fissile plutonium (239pu and 241pu), (wt. % of

total fuel weight, i.e., U0 2 plus PuO 2)

5. This assembly class contains 74 total rods; 66 full length rods and 8 partial length rods.

6. Square, replacing nine fuel rods.

7. Variable.

.8. This assembly contains 92 total fuel rods; 78 full length rods and 14 partial length rods.

9. This assembly class contains 91 total fuel rods; 83 full length rods and 8 partial length rods.

10. One diamond-shaped water rod replacing the four center fuel rods and. four rectangular water
rods dividing the assembly into four quadrants.

1.1. These rods may also be sealed at both ends and contain Zr material in lieu of water.

12. This assembly is known as "QUAD+." It has four rectangular water cross segments dividing
the assembly into four quadrants.

13. For the SPC 9x9-5 fuel assembly, each fuel rod must meet either the 9x9E or the 9x9F set of
limits or clad O.D., clad I.D., and pellet diameter.

14. For those MPCs loaded with both intact fuel assemblies and damaged fuel assemblies or fuel
debris, the maximum planar average initial enrichment for the intact fuel assemblies is
limited to 3.7 wt.% 235U, as applicable.
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Table 2.1.5

DESIGN BASIS FUEL ASSEMBLY FOR EACH DESIGN CRITERION

Criterion BWR PWR

Reactivity GE 12/14 1Ox 10 with Partial
(Criticality) Length Rods BaW 15x15

(Array/Class 1Ox IOA) (Array/Class 15xl 5F)

Shielding GE 7x7 B&W 15x15

Fuel Assembly Effective
Planar Thermal GE- 11 9x9 W 17x17 OFA
Conductivity•

Fuel Basket Effective
Axial Thermal GE 7x7 W 14x14 OFA
Conductivity

MPC Density and Heat Dresden 6x6 W 14x14 OFA
Capacity _

MPC Fuel Basket Axial
Resistance to GE-Il 9x9 W 17x17 OFA
Thermosiphon Flow
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Tables 2.1.6 through 2.1.8

INTENTIONALLY DELETED
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Table 2.1.9

SUGGESTED PWR UPPER AND LOWER FUEL SPACER LENGTHS

Assembly Location of Max. Active Upper Fuel Lower Fuel
Fuel Assembly Length w/o Active Fuel Fuel Length Spacer Spacer

Type NFH1 (in.) from (in.) Length (in.) Length (in.)
Bottom (in.)

CE 14x14 157 4.1 137 9.5 10.0

CE 16x16 176.8 4.7 150 0 0

BW 15x15 165.7 8.4 141.8 6.7 4.1

W 17x17 OFA 159.8 3.7 144 8.2 8.5

W17x17 Std 159.8 3.7 144 8.2 8.5

W 17x17 V5H 160.1 3.7 144 7.9 8.5

W 15x15 159.8 3.7 144 8.2 8.5

W 14x14 Std 159.8 3.7 145.2 9.2 7.5

W 14xI4 OFA 159.8 3.7 144 8.2 8.5

Ft. Calhoun 146 6.6 128 10.25 20.25

St. Lucie 2 158.2 5.2 136.7 10.25 8.05

B&W 15x15 SS 137.1 3.873 120.5 19.25 19.25

W 15x15 SS 137.1 3.7 122 19.25 19.25

W 14x14 SS 137.1 3.7 120 19.25 19.25

Indian Point 1 137.2 17.705 101.5 18.75 20.0

Note: Each user shall specify the fuel spacer length based on their fuel assembly length,
presence of a DFC, and allowing an approximate two to 2-1/2 inch gap under the MPC
lid. Fuel spacers shall be sized to ensure that the active fuel region of intact fuel
assemblies remains within the neutron poison region of the MPC basket with water in
the MPC.

NFH is an abbreviation for non-fuel hardware, including control components.
Fuel assemblies with control components may require shorter fuelspacers.
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Table 2.1.10

SUGGESTED BWR UPPER AND LOWER FUEL SPACER LENGTHS

Location of Max. Active Upper Fuel Lower Fuel
Fuel Assembly Assembly Active Fuel Fuel Length Spacer Spacer

Type Length (in.) from
Bottom (in.) (in.) Length (in.) Length (in.)

GE/2-3 171.2 7.3 150 4.8 0

GE/4-6 176.2 7.3 150 0 0

Dresden 1 134.4 11.2 110 .. 18.0 28.0

Humboldt Bay 95.0 8.0 79 40.5 40.5

Dresden 1
.Damaged Fuel 142.1t 11.2 110 17.0 16.9
or Fuel Debris.

Humboldt BayO8. 3
Damaged Fuel 105.5T 8.0. 79 35.25 35.25
or Fuel Debris

LaCrosse 102.5 10.5 83 37.0 37.5

Note: Each user shall specify the fuel spacer length based on their fuel assembly length, presence
of a DFC, and allowing an approximate two to 2-1/2 inch gap under the MPC lid. Fuel
spacers shall be sized, to ensure that the active fuel region of intact fuel assemblies remains
within the neutron poison region of the MPC basket with water in. the MPC.

• Fuel assembly length includes the damaged fuel container.
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Table 2.1.11
NORMALIZED DISTRIBUTION BASED ON BURNUP PROFILE

PWR DISTRIBUTION'

Interval Axial Distance From Bottom of Active Fuel Normalized Distribution
(% of Active Fuel Length)

1 0% to 4-1/6% 0.5485

2 4-1/6% to 8-1/3%• 0.8477

3 8-1/3% to 16-2/3% 1.0770

4 16-2/3% to 33-1/3% 1.1050

5 33-1/3% to 50% 1.0980

6 50% to 66-2/3% 1.0790

7 66-2/3% to 83-1/3% . 1.0501

8 83-1/3% to 91-2/3% 0.9604

.9 91-2/3% to .95-5/6.% 0.7338

10 95-5/6% to 100% 0.4670

BWR DISTRIBUTION
2

Interval Axial Distance From Bottom of Active Fuel
(% of Active Fuel Length) Normalized Distribution

1 0% to 4-1/6% 0.2200

2 4-1/6%to 8-1/3% 0.7600

3 8-1/3% to 16-2/3% 1.0350.

4 16-2/3% to 33-1/3%. 1.1675

5 33-1/3% to 50% 1.1950

6 50% to 66-2/3% . •1.1625

7 66-2/3% to 83-1/3% 1.0725

8 83-1/3% to 91-2/3% - "0.8650

9 .91-2/3% to 95-5/6% 0.6200

10 95-5/6% to 100% 0.2200

1
2

Reference 2.1.7
Reference 2.1.8
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Table 2.1.12

DESIGN CHARACTERISTICS FOR THORIA RODS IN D-I THORIA ROD CANISTERS

PARAMETER MPC-68 or MPC-68F

Cladding Type Zircaloy

Composition 98.2 wt.% ThO 2, 1.8 wt.% U0 2
with an enrichment of 93.5 wt. %

235U

Number of Rods Per Thoria <18
Canister

Decay Heat Per Thoria Canister < 115 watts

Post-Irradiation Fuel Cooling Cooling time > 18 years and
Time and Average Burnup Per average burnup < 16,00
Thoria Canister MWD/MTIHM

Initial Heavy Metal Weight < 27 kg/canister

Fuel Cladding O.D. > 0.41,2 inches

Fuel Cladding I.D. < 0.362 inches

Fuel Pellet O.D. <0.358 inches

Active Fuel Length < 111 inches

Canister Weight <550 lbs., including Thoria Rods

Canister Material Type!304 SS
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Table 2.1.13
MPC Fuel Loading Regions

MPC MODEL REGION 1 REGION 2
FUEL STORAGE FUEL STORAGE

LOCATIONS* LOCATIONS

MPC-24, 24E and 24EF 9, 10, 15, and 16 All Other Locations

MPC-32/32F 7, 8,
12 through 15, All Other Locations
18 through 21,

25, and 26

MPC-68/68F/68FF 11 through 14,
18 through 23,
27 through 32,
37 through 42, All Other Locations

46 through 51,
55 through 58

*Note: Refer to Figures 1.2.2 through 1.2.4
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Table 2.1.14

Soluble Boron Requirements for MPC-24/24E/24EF Fuel Wet Loading and Unloading
Operations

MINIMUM SOLUBLE
FUEL ASSEMBLY MAXIMUM BORON

BORON
MPC MODEL AVERAGE ENRICHMENT

(Wt % 235u) CONCENTRATION
(ppmb)

All fuel assemblies with initial
MPC-24 enrichment' less than the prescribed 0

value for soluble boron credit

One or more fuel assemblies with an

MPC-24 initial enrichmenti greater than or > 400equal to the prescribed value for no
soluble boron credit and < 5.0 wt. %

All fuel assemblies with initial
MPC-24E/24EF enrichment' less than the prescribed 0

value for soluble boron credit

All fuel assemblies classified as intact
fuel assemblies and one or more fuel

assemblies with an initial enrichment'•
greater than or equal to the prescribed > 300
value for no soluble boron credit and

< 5.0 wt. %

MPC-24E/24EF One or more fuel assemblies
classified as damaged fuel or fuel

debris and one or. more fuel >600
assemblies with initial enrichment

> 4.0 wt.% and < 5.0 wt.%

Refer to Table 2.1.3 for these enrichments.
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Table 2.1.15

MINIMUM BORAL 10 1 LOADING IN NEUTRON ABSORBER PANELS
M1°MUM' 1 B LOADING

(g/cm2)
MPC MODEL Boral METAMIC

Neutron Neutron
Absorber Panels Absorber Panels

MPC-24 0.0267 0.0223

MPC-24E and MPC-24EF 0.0372 0.0310

MPC-32/32F 0.0372 0.0310

MPC-68 and MPC-68FF 0.0372 0.0310

MPC-68F 0.01 N/A (Note 1)

Notes:

I1. All MPC-68F canisters are equipped with Boral neutron absorber panels.
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Table 2.1.16

Soluble Boron Requirements for MPC-32 and MPC-32F Wet Loading and Unloading Operations

All Intact Fuel Assemblies One or More Damaged Fuel
Assemblies or Fuel DebrisFuel Assembly

Array/Class Max. Initial Max. Initial Max. Initial Max. Initial
(Note 2) Enrichment Enrichment Enrichment Enrichment

< 4.1 wt.% 235U 5.0 wt.% 235U < 4.1 wt.% 235 U 5.0 wt.% 23 5 U

(ppmb) (ppmb) (ppmb) (ppmb)

14x1 4A/B/C/D/ 1,300 1,900 1,500 2,300

15x! 5A/B/C/GI 1,800 2,500 1,900 2,700

15xl5D/E/F/H 1,900 2,600 2,100 2,900

16x16A 1,300 1,900 1,500 2,300

17x 17A/B/C 1,900 2,600 2,100 2,900

Notes:
1. For maximum initial enrichments between 4.1 wt% and 5.0 wt% 235U, the minimum soluble

boron concentration may be determined bylinear interpolation between the minimum soluble
boron concentrations at 4.1 wt% and 5.1 wt% 235U.

2. The soluble boron requirements for array/class 14x14E are specified in Supplement 2.11.
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Table 2.1.17

LIMITS FOR MATERIAL TO BE STORED IN MPC-24

PARAMETER VALUE

Fuel Type Uranium oxide, PWR intact fuel assemblies meeting
the limits in Table 2.1.3 for the applicable array/class

Cladding Type ZR or Stainless Steel (SS) as specified in Table 2.1.3
for the applicable array/class

Maximum Initial Enrichment per Assembly As specified in Table 2.1.3 for the applicable
array/class

Post-irradiation Cooling Time and Average ZR clad: As specified in Section 2.1.9.1
Burnup per Assembly

SS clad: > 8 years and <40,000 MWD/MTU

Decay Heat Per Fuel Storage Location ZR clad: As specified in Section 2.1.9.1

SS clad: <"710 Watts

Non-Fuel Hardware Burnup and Cooling Time As specified in Table 2.1.25

Fuel Assembly Length <:176.8 in. (nominal design)

Fuel Assembly Width <8.54 in. (nominal design)

Fuel Assembly Weight < 1,680 lbs (including non-fuel hardware)

Other Limitations * Quantity is limited to up to 24 PWR intact fuel
assemblies.

. Damaged fuel assemblies and fuel debris are
not permitted for storage in MPC-24.
One NSA is permitted in MPC-24.

* BPRAs, TPDs,.WABAs, water displacement
guide tube plugs, orifice rod assemblies, and/or
vibration suppressor inserts may be stored with
fuel assemblies in any fuel cell location.

. CRAs, RCCAs,,CEAs, NSAs and/or APSRs
may be stored with fuel assemblies in fuel cell
locations 9, 10, 15, and/or 16

. Soluble boron requirements during wet loading
and unloading are specified in Table 2.1.14.
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Table 2.1.18

LIMITS FOR MATERIAL TO BE STORED IN MPC-68

PARAMETER VALUE (Note 1)

Fuel Type(s) Uranium oxide,
BWR intact fuel
assemblies
meeting the limits
in Table 2.1.4 for
the applicable
array/class, with
or without
channels

Uranium oxide,
BWR damaged
fuel assemblies
meeting the limits
in Table 2.1.4 for
the applicable
array/class, with
or without
channels, placed
in Damaged Fuel
Containers
(DFCs)

Mixed Oxide
(MOX) BWR
intact fuel
assemblies
meeting the
limits in Table
2.1.4 for
array/class
6x6B, with or
without
channels

Mixed Oxide
(MOX) BWR
damaged fuel
assemblies
meeting the
limits in Table
2.1.4 for
array/class
6x6B, with or
without
channels,
placed in
Damaged Fuel
Containers
(DFCs)

Cladding Type ZR or Stainless ZR or Stainless
Steel (SS) as Steel (SS) as
specified in Table specified .in Table ZR ZR
2.1.4 for the 2.1.4 for the
applicable applicable
array/class array/class

Maximum Initial As specified in Planar Average: As specified in As specified in
Planar-Average Table 2.1.4 for the . Table 2.1.4 for Table 2.1.4 for
Enrichment per applicable < 2.7 wt% 235U for .array/class array/class.
Assembly and Rod array/class array/classes 6x6B 6x6B
Enrichment 6x6A,:6x6C,

7x7A, and 8x8A;
< 4.0 wt% 235U for

all other
array/classes

Rod:

As specified in
Table 2.1.4
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Table 2.1.18 (cont'd)

LIMITS FOR MATERIAL TO BE STORED IN MPC-68

PARAMETER VALUE (Note 1)

Post-irradiation ZR clad: As ZR clad: As Cooling time > Cooling time >
Cooling Time and specified in specified in 18 years and 18 years and
Average Burnup per Section 2.1.9.1; Section 2.1.9.1; average burnup average burnup
Assembly except as provided except as provided < 30,000 _< 30,000

in Notes 2 and 3. in Notes 2 and 3. MWD/MTIHM. MWD/MTIHM.

SS clad: Note 4 SS clad: Note 4.

Decay Heat Per Fuel ZR clad. As ZR clad. As
Storage Location specified in specified in

Section 2.1.9.1; Section 2.1.9.l1;
except as provided except as provided <*115 Watts < 115 Watts
in Notes 2 and 3. in Notes 2 and 3. -

SS clad: < 95 SS clad: < 95
Watts Watts

Fuel Assembly Length Array/classes
6x6A, 6x6C,
7x7A, and 8x8A:

< 135.0 in. < 135.0 in. < 135.0 in.< 176.5 in. (nominal design)
(nominal design) (nominal (nominal

All Other design) design)

array/classes:
< 176.5 in.
(nominal design)

Fuel Assembly Width <5.85 in. (nominal Array/classes
design) 6x6A, 6x6C,

7x7A, and 8x8A:,
<4.7 in. (nominal <4.70 in. <4.70 in.
deSign) (nominal (nominal

All Other design) design)

array/classes:
< 5.85 in.
(nominal design) _
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Table 2.1.18 (cont'd)

LIMITS FOR MATERIAL TO BE STORED IN MPC-68

PARAMETER VALUE (Note 1)

Fuel Assembly Weight < 700 lbs.
(including
channels)

Array/classes
6x6A, 6x6C,
7x7A, and 8x8A:
< 550 lbs.
(including
channels and
DFC)

All Other
array/classes:
< 700 lbs.
(including
channels and
DFC)

< 400 lbs,
including
channels

< 550 lbs,
including
channels and
DFC

e .1.

Other Limitations 2 Quantity is limited to up to one (1) Dresden Unit I thoria rod canister
meeting the specifications listed in Table 2.1.12 plus any combination
of array/class 6x6A, 6x6B, 6x6C, 7x7A, and/or 8x8A damaged fuel
assemblies in DFCs and intact fuel assemblies up to a total of 68.

a Up to 16 damaged fuel assemblies from plants other than Dresden Unit
I or Humboldt Bay may be stored in DFCs in fuel cell locations 1, 2, 3,
8, 9, 16, 25, 34, 35, 44, 53, 60, 61, 66, 67, and/or 68, with the balance
comprised of intact fuel assemblies up to a total of 68

0 SS-clad fuel assemblies with stainless steel channels must be stored in
fuel cell locations 19 through 22, 28 through 31, 38 through 41, and/or
47 through 50.

w Dresden Unit I fuel assemblies with one antimony-beryllium neutron
source are permitted. Theantimony-beryllium neutron source material
shall be in a water rod location.

* Fuel debris is not.permitted for storage in MPC-68.
I

Notes:

1. A fuel assembly must meet the requirements of any one column and the other limitations to be
authorized for storage.

2. Array/class 6x6A, 6x6C, 7x7A, and 8x8A fuel assemblies shall have a cooling time > 18 years, an
average burnup < 30,000 MWD/MTU, and a maximum decay heat < 115 Watts.

3. Array/class 8x8F fuel assemblies shall have a cooling time > 10 years, an average bumup < 27,500
MWD/MTU, and a maximum decay 5 183.5 Watts.

4. SS-clad fuel assemblies shall have a cooling time > 10 years, and an average burnup < 22,500
MWD/MTU.
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Table 2.1.19

LIMITS FOR MATERIAL TO BE STORED IN MPC-68F

PARAMETER VALUE (Notes 1 and 2)

Fuel Type(s) Uranium oxide, Uranium oxide, Mixed Oxide Mixed Oxide
BWR intact fuel BWR damaged (MOX) BWR (MOX) BWR
assemblies fuel assemblies or intact fuel damaged fuel
meeting the fuel debris meeting assemblies assemblies or
limits in Table the limits in Table meeting the limits fuel debris
2.1.4 for 2.1.4 for in Table 2.1.4 for meeting the
array/class array/class 6x6A, array/class 6x6B, limits in Table
6x6A, 6x6C, 6x6C,7x7A, or with or without 2.1.4 for.
7x7A, or 8x8A, 8x8A, with or Zircaloy channels array/class
with or without. without Zircaloy 6x6B, with or
Zircaloy channels, placed in without Zircaloy
channels Damaged Fuel channels, placed

Containers (DFCs) in Damaged
Fuel Containers
(DFCs))

Cladding Type ZR ZR ZR ZR

Maximum Initial As specified in As specified in 'As specified in As specified in
Planar-Average Table 2.1.4 for Table 2.1.4 for the Table 2.1.4 for Table 2.1.4 for
Enrichment per the applicable applicable array/class 6x6B array/class 6x6B
Assembly and Rod array/class array/class
Enrichment

Post-irradiation Cooling time > Cooling time > 18 Coolingtime > 18 Cooling time >
Cooling Time, 18 years and years and average . years and average 18 years and
Average Burnup, and, average burnup burnup < 30,000 burnup__ 30,000 average burnup
Minimum Initial < 30,000 MWD/MTU. MWD/MTIHM. < 30,000
Enrichment per . MWD/MTU. MWD/MTIHM.
Assembly

DecayHeat.Per Fuel < I15 Watts <115Watts < 115 Watts <1.15 Watts
Storage Location -

Fuel Assembly Length < 135.0 in. < 135.0 in. < 135.0 in. < 135.0 in.
(nominal (nominal design) (nominal design) (nominal
design) . . .. .. design)

Fuel Assembly.Width < 4.70 in. < 4.70 in. (nominal < 4.70 in.% < 4.70 in.
(nominal design) (nominal design) (nominal
design) design)

Fuel Assembly Weight < 400 lbs, < 550 lbs, < 400 lbs, < 550 lbs,
(including (including channels (including (including
channels) and DFC) channels) channels and

DFC)
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Table 2.1.19 (cont'd)

LIMITS FOR MATERIAL TO BE STORED IN MPC-68F

PARAMETER VALUE

Other Limitations Quantity is limited to up to four (4) DFCs containing Dresden Unit
I or Humboldt Bay uranium oxide or MOX fuel debris. The
remaining fuel storage locations may be filled with array/class
6x6A, 6x6B, 6x6C, 7x7A, and 8x8A fuel assemblies of the
following type, as applicable:

- uranium oxide BWR intact fuel assemblies

- MOX BWR intact fuel assemblies

- uranium oxide BWR damaged fuel assemblies in DFCs

- MOX BWR damaged fuel assemblies in DFCs

- up to one (1) Dresden Unit 1 thoria rod canister meeting the
specifications listed in Table 2.1.12.

* Stainless steel channels are not permitted.

* Dresden Unit I fuel assemblies with one antimony-beryllium
neutron source are permitted. The antimony-beryllium neutron
source material shall be in a water rod location.

Notes:

1. A fuel assembly must meet the requirements of any one column and the other limitations to be
authorized for storage.

2.: Only fuel from the Dresden Unit I and Humboldt Bay plants are permitted for storage in the MPC-
68F.
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Table 2.1.20

LIMITS FOR MATERIAL TO BE STORED IN MPC-24E

PARAMETER VALUE (Note 1)

Fuel Type Uranium oxide PWR intact Uranium oxide PWR
fuel assemblies meeting the damaged fuel assemblies
limits in Table 2.1.3 for the meeting the limits in Table
applicable array/class 2.1.3 for the applicable

array/class, placed in a
Damaged Fuel Container
(DFC)

Cladding Type. ZR or.Stainless Steel (SS) ZR or Stainless Steel (SS)
assemblies as specified in assemblies as specified in
Table 2.1.3 for the applicable Table 2.1.3 for the applicable
array/class array/class

Maximum initial Enrichment per As specified in Table 2.1.3 for As specified in Table 2.1.3
Assembly the applicable array/class for the applicable array/class

Post-irradiation Cooling Time, and ZR clad: As specified in ZR clad:. As specified in
Average Burnup per Assembly Section 2.1.9.1 Section 2.1.9.1

SS clad: > 8 yrs and SS clad: > 8 yrs and
< 40,000 MWD/MTU < 40,000 MWD/MTU

Decay Heat Per Fuel Storage ZR clad: As specified in ZR clad: As specified in
Location ..Section 2.1.9.1 Section 2.1.9.1

SSS clad:< 710 Watts SS clad: < 710 Watts

Non-fuel hardware post-irradiation As specified in Table 2.1.25 - As specified in Table 2.1.25
Cooling Time and Burnup

Fuel Assembly Length' <, 176.8 in. (nominal design). < 176.8 in. (nominal design)

Fuel Assembly Width <8.54 in. (nominal design) < 8.54.in. (nominal design)

Fuel Assembly Weight .< 1680 lbs (including non-fuel < 1680 lbs (including DFC
hardware) . and non-fuel hardware)
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Table 2.1.20 (cont'd)

LIMITS FOR MATERIAL TO BE STORED IN MPC-24E

PARAMETER VALUE

Other Limitations " Quantity is limited to up to 24 PWR intact fuel
assemblies or up to four (4) damaged fuel assemblies
in DFCs may be stored in fuel storage locations 3, 6,
19, and/or 22. The remaining fuel storage locations
may be filled with intact fuel assemblies.

" Fuel debris is not authorized for storage in the MPC-
24E.

m One NSA is permitted in MPC-24E.
* BPRAs, TPDs, WABAs, water displacement.guide

tube plugs, orifice rod.assemblies, and/or vibration
suppressor inserts may be stored with fuel assemblies
inmany fuel cell location.
C CRAs, RCCAs, CEAs, NSAs, and/or APSRs may be
stored with fuel assemblies in fuel cell locations 9,
10, 15,and/or 16.

* Soluble boron requirements during wet loading and
unloading are specified in Table 2.1.14.

Notes:

i. A fuel assembly must meet the requirements of any one column and the other limitations to be
authorized for storage.
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Table 2.1.21

LIMITS FOR MATERIAL TO BE STORED IN MPC-32

PARAMETER VALUE (Notes 1 and 2)

Fuel Type Uranium oxide, PWR intact Uranium oxide, PWR
fuel assemblies meeting the damaged fuel assemblies
limits in Table 2.1.3 for the meeting the limits in Table
applicable fuel assembly 2.1.3 for the applicable fuel
array/class, assembly array/class.

Cladding Type ZR or Stainless Steel (SS) ZR or Stainless Steel (SS)
assemblies as specified in assemblies as specified in
Table 2.1.3 for the applicable. Table 2.1.3 for the applicable
array/class array/class

Maximum Initial Enrichment per As specified. in Table 2.1.3 for As specified in Table 2.1.3 for
Assembly the applicable fuel assembly the applicable fuel assembly

array/class array/class

Post-irradiation Cooling Time. and ZR clad: As specified in ZR clad: As specified in
Average Burnup per Assembly Section 2.1.9.1 . Section 2.1.9.1

SS clad: > 9 years and SS clad: > 9 years and
< 30,000 MWD/MTU or < 30,000 MWD/MTU or
> 20 years and < 40,000 > 20 years and < 40,000
MWD/MTU MWD/MTU

Decay Heat Per Fuel Storage ZR-clad: As specified in ZR-clad: As specified in
Location Section 2.1.9.1 Section 2.1.9.1

SS-clad: < 500 Watts SS-clad: < 500 Watts

Non-fuel hardware post-irradiation As specified in Table 2.1.25. As specified in Table 2.1.25
cooling time and burnup _._._ .. .......

Fuel Assembly Length . 176.8 in. (nominal design) < 176.8 in. (nominal design)

Fuel Assembly Width < 8.54 in. (nominal design) <8.54 in. (nominal design)

Fuel Assembly Weight < 1,680 lbs (including non- <1,680 lbs (including DFC
fuel hardware) and non-fuel hardware)
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Table 2.1.21 (cont'd)

LIMITS FOR MATERIAL TO BE STORED IN MPC-32

PARAMETER I VALUE
Other Limits E Quantity is limited to up to 32 PWR intact fuel assemblies

and/or up to eight (8) damaged fuel assemblies in DFCs in
fuel cell locations 1, 4, 5, 10, 23, 28, 29, and/or 32, with the
balance intact fuel assemblies up to a total of 32.

a Fuel debris is not permitted for storage in MPC-32.
0 One NSA is permitted in MPC-32.
0 BPRAs, TPDs, WABAs, water displacement guide tube

plugs, orifice rod assemblies, and/or vibration suppressor
inserts may be stored with fuel assemblies in any fuel cell
location.
CRAs, RCCAs, CEAs, NSAs, and/or APSRs may be stored
with fuel assemblies in fuel cell locations 13, 14, 19, and/or
20.
Soluble boron requirements during wet loading and
unloading are specified in Table 2.1.16.

NOTES:

1. A fuel assembly must meet the requirements of any one column and the other limitations to be
authorized for storage.

2. The requirements stated in this table, with the exception of fuel assembly length, width, and weight,
do not apply to array/class 14x14E, Indian Point Unit I fuel. Supplement 2.11 provides the limits for
array/class 14xl4E fuel assemblies to be stored in the MPC-32.
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Table 2.1.22

LIMITS FOR MATERIAL TO BE STORED IN MPC-68FF

PARAMETER VALUE (Note 1)
Fuel Type Uranium oxide or MOX BWR Uranium oxide or MOX BWR

intact fuel assemblies meeting damaged fuel assemblies or fuel
the limits in Table 2.1.4 for the debris meeting the limits in Table
applicable array/class, with or 2.1.4 for the applicable
without channels. array/class, with or without

channels, in DFCs.
Cladding Type ZR or Stainless Steel (SS) ZR or Stainless Steel (SS)

assemblies as specified in Table assemblies as specified in Table
2.1.4 for the applicable 2.1.4 for the applicable
array/class array/class

Maximum Initial Planar Average As specified in Table 2.1.4 for Planar Average:
Enrichment per Assembly and the applicable fuel assembly
Rod Enrichment array/class <2.7 wt% 2 35U for array/classes

6x6A, 6x6B, 6x6C, 7x7A, and
8x8A;

< 4.0 wt% 235U for all other
array/classes

Rod:

As specified in Table 2.1.4
Post-irradiation cooling time and ZR clad: As specified in ZR clad: As specified in
average burnup per Assembly Section 2.1.9.1; except as. Section .2.1.9.1; except as

provided in Notes 2 and 3.. provided in Notes 2 and 3.

SS clad: Note 4 SS clad: Note 4.
Decay Heat Per Fuel Storage ZR clad:. As specified in Section ZR clad: As specified in Section
Location 2.1.9.1;.except as provided in 2.1.9.1; except as provided in

Notes 2 and 3. Notes 2 and 3.

SS clad: < 95 Watts SS clad: < 95 Watts
Fuel Assembly Length Array/classes 6x6A, 6x6B, 6x6C, Array/classes 6x6A, 6x6B, 6x6C,

7x7A, and 8x8A: < 135.0 in. 7x7A, and 8x8A: < 135.0 in.
(nominal design) (nominal design)

All Other array/classes: All Other array/classes:
< 176.5 in. (nominal design) < 176.5 in. (nominal design)
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Table 2.1.22 (cont'd)

LIMITS FOR MATERIAL TO BE STORED IN MPC-68FF

PARAMETER VALUE (Note 1)

Fuel Assembly Array/classes 6x6A, 6x6B, 6x6C, 7x7A, Array/classes 6x6A, 6x6B, 6x6C,

Width and 8x8A: < 4.7 in. (nominal design) 7x7A, and 8x8A: < 4.7 in. (nominal
design)

All Other array/classes:

< 5.85 in. (nominal design) All Other array/classes:

<5.85 in. (nominal design)

Fuel Assembly Array/classes 6x6A, 6x6B, 6x6C, 7x7A, Array/classes 6x6A, 6x6B, 6x6C,
and 8x8A: < 550 lbs. (including 7x7A, and 8x8A: < 550 lbs. (includingWeight channels) channels and DFC)

All Other array/classes: All Other array/classes:

< 700 lbs. (including channels) < 700 lbs. (including channels and
DFC)

Other Limitations Quantity is limited to up to one (1) Up to eight (8) Dresden Unit 1 or
Humboldt Bay fuel assemblies classified as fuel debris in DFCs, and any
combination of Dresden Unit 1 or Humboldt Bay damaged fuel assemblies in
DFCs and intact fuel assemblies up to a total of 68.

Up to 16 damaged fuel assemblies and/or up to eight (8) fuel assemblies
classified as fuel debris from plants other than Dresden Unit 1 or Humboldt
Bay may be stored in DFCsin MPC-68FF. DFCs shall be located only in fuel
cell locations 1, 2, 3, 8, 9, 16, 25, 34, 35, 44, 53, 60, 61, 66, 67, and/or 68, with
the balance comprised of intact fuel assemblies meeting the above
specifications, up to a total of 68.

. SS-clad fuel assemblies with stainless steel channels must be stored in fuel cell
locations 19 through 22,,28 through 31, 38 through 41, and/or 47 through 50.

. Dresden Unit I fuel assemblies with one antimony-beryllium neutron source
are pennitted. The antimony-beryllium neutron source material shall be in a
water rod location..

NOTES:
1. A fuel assembly must meet the requirements of any one column and the other limitations to be

authorized for storage.

2. Array/class 6x6A, 6x6B, 6x6C, 7x7A, and 8x8A fuel assemblies shall have a cooling time > 18 years,
an average burnup < 30,000 MWD/MTU, and a maximum decay heat < 115 Watts.

3. Array/class 8x8F fuel assemblies shall have a cooling time > 10 years, an average bumup < 27,500
MWD/MTU, and a maximum decay < 183.5 Watts.

4. SS-clad fuel assemblies shall have a cooling time > 10 years, and an average burnup < 22,500
MWD/MTU.

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR
REPORT HI-2002444 2.1-41

Rev. 6

HI-STORM 100 FSAR Revision 6; February 7, 2008



Table 2.1.23

LIMITS FOR MATERIAL TO BE STORED IN MPC-24EF

PARAMETER VALUE (Note 1)

Fuel Type Uranium oxide PWR intact Uranium oxide PWR
fuel assemblies meeting the damaged fuel assemblies
limits in Table 2.1.3 for the and/or fuel debris meeting the
applicable array/class limits in Table 2.1.3 for the

applicable array/class, placed
in a Damaged Fuel Container

•__"_ (DFC)

Cladding Type ZR or Stainless Steel (SS) ZR or Stainless Steel (SS)
assemblies as specified in assemblies as specified in
Table 2.1.3 for the applicable Table 2.1.3 for the applicable
array/class array/class

:Maximum Initial Enrichment per As specified in Table 2.1.3 for As specified in Table 2.1.3
Assembly the applicable array/class for the applicable array/class

Post-irradiation Cooling Time, and ZR clad: As specified in ZR clad: As specified in
Average Burnup per Assembly Section 2.1.9.1 Section 2.1.9.1

SS clad: > 8 yrs and SS clad: > 8 yrs and
< 40,000 MWD/MTU < 40,000 MWD/MTU

Decay Heat Per Fuel Storage ZR clad: As specified in ZR clad: As specified in
Location Section 2.1.9.1 Section 2.1.9.1

SS clad: < 710 Watts SS clad:< 710 Watts
.Non-fuel hardware post-irradiation•
Noolin-fu mel hardar p irrAs specified in Table 2.1.25 As specified inTable 2.11.25
Cooling Time and Burnup
Fuel Assembly Length <176.8 in. (nominal design) <176.8 in. (nominal design)

Fuel Assembly Width < 8.54 in. (nominal design) <8.54 in. (nominal design)

Fuel Assembly Weight < 1680 lbs (including non-fuel < 1680 lbs (including DFC
hardware) and non-fuel hardware)
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Table 2.1.23 (cont'd)

LIMITS FOR MATERIAL TO BE STORED IN MPC-24EF

PARAMETER VALUE

Other Limitations * Quantity per MPC: up to 24 PWR intact fuel
assemblies or up to four (4) damaged fuel assemblies
and/or fuel classified as fuel debris in DFCs may be
stored in fuel storage locations 3, 6, 19, and/or 22.
The remaining fuel storage locations may be filled
with intact fuel assemblies.

M One NSA is authorized for storage in the MPC-24EF.
* BPRAs, TPDs, WABAs, water displacement guide

tube plugs, orifice rod assemblies, and/or vibration
suppressor inserts may be stored with fuel assemblies
.in any fuel cell location.

" CRAs, RCCAs, CEAs, NSAs, and/or APSRs may be
stored with fuel assemblies in fuel cell locations 9,
10, 15, and/or 16.

" Soluble boron requirements during wet loading and
unloading are specified in Table 2.1.14.

Notes:

1. A fuel assembly must meetthe requirements of any one column and the other limitations to be authorized
for storage..
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Table 2.1.24

LIMITS FOR MATERIAL TO BE STORED IN MPC-32F

PARAMETER VALUE (Notes 1 and 2)

Fuel Type Uranium oxide, PWR intact fuel Uranium oxide, PWR damaged
assemblies meeting the limits in fuel assemblies and fuel debris in
Table 2.1.3 for the applicable DFCs meeting the limits in Table
fuel assembly array/class 2.1.3 for the applicable fuel

assembly array/class

Cladding Type ZR or Stainless Steel (SS) as ZR or Stainless Steel (SS) as
specified in Table 2.1.3 forthe specified in Table 2.1.3 for the
applicable fuel assembly applicable fuel assembly
array/class array/class

Maximum Initial Enrichment per As specified in Table 2.1.3 As specified in Table 2.1.3
Assembly

Post-irradiation Cooling Time, ZR clad: As specified in Section ZR clad: As specified in Section
Average Burnup, and Minimum 2.1.9.1 2.1.9.1
Initial Enrichment per Assembly

SS clad: > 9 years and < 30,000 SS clad: > 9 years and < 30,000
MWD/MTU or > 20 years and < MWD/MTU or > 20 years and <
40,OOOMWD/MTU 40,OOOMWD/MTU

Decay Heat Per Fuel Storage ZR clad: As specified in Section ZR clad: As specified in Section
Location 2.1.9.1 2.1.9.1

SS clad: < 500 Watts SS clad: < 500 Watts

Non-fuel hardware post-
irradiation Cooling Time and As specified in Table 2.1.25 As specified in Table 2.1.25
Burnup

Fuel Assembly Length <4ý 176.8 in. (nominal design), <17.6.8 in. (nominal design)

Fuel Assembly Width < 8.54 in. (nominal design) < 8.54 in. (nominal.design)

Fuel Assembly Weight <1,680 lbs (including non-fueli < 1,680 lbs (including DFC and
hardware) non-fuel hardware)
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Table 2.1.24 (cont'd)

LIMITS FOR MATERIAL TO BE STORED IN MPC-32F

PARAMETER VALUE
Other Limitations * Quantity is limited to up to 32 PWR intact

fuel assemblies and/or up to eight (8)
damaged fuel assemblies in DFCs in fuel
cell locations 1, 4, 5, 10, 23, 28, 29, and/or
32, with the balance intact fuel assemblies
up to a total of 32.

* One NSA is permitted for storage in MPC-
32.

" BPRAs, TPDs, WABAs, Water
displacement guide tube plugs, orifice rod
assemblies, and/or vibration suppressor
inserts may be stored with fuel assemblies
in any fuel cell location.
CRAs, RCCAs, CEAs, NSAs, and/or
APSRs may be stored with fuel assemblies
in fuel cell locations 13, 14, 19, and/or 20.
Soluble boron requirements during wet
loading and unloading are specified in
Table 2.1.16.

NOTES:

1. A fuel assembly must meet the requirements of any one column and the other limitations to be
authorized for storage.

2. The requirements stated in this table, with the exception offuel assembly length, width, and weight,
do not apply to array/class 14x14E, Indian Point Unit I fuel. Supplement 2.11provides the limits for
array/class 14x14E fuel assemblies to be stored in the MPC-32F.
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Table 2.1.25

NON-FUEL HARDWARE BURNUP AND COOLING TIME LIMITS (Notes 1, 2, and 3)

NSA or Guide Control
Inserts Tube Hardware Component

(Note 4) (Note 5) (Note 6) APSR
Post-irradiation Maximum Maximum Maximum Maximum
Cooling Time Burnup Burnup Burnup Burnup

(yrs) (MWD/MTU) (MWD/MTU) (MWD/MTU) (MWD/MTU)

> 3 <24,635 N/A (Note 7) N/A N/A

>4 < 30,000 < 20,000 N/A N/A

> 5 < 36748 < 25,000 < 630,000 < 45,000

>6 <44,102 <30,000 <54,500

>7 <52,900 < 409000 < 68,000

>8 <60,000 < 45,000 < 83,000

>9 <50,000 < <111,000
> 10 < 60,000 < 180,000

> 11 <75,000 < 630,000

> 12 < 90,000

> 13 < 180,000

> 14 <630,00•0

NOTES:

1. Burnups for non-fuel hardware are to be determined based on the burnup and uranium mass of the
fuel assemblies in which the component was inserted during reactor operation.

2. Linear interpolation between points is permitted, except that NSA or Guide Tube Hardware and
APSR burnups > 180,000 MWD/MTU and < 630,000 MWD/MTU must be cooled > 14 years
and > 11 years, respectively..

3. Applicable to uniform loading and regionalized loading.

4. Includes Burnable Poison Rod Assemblies (BPRAs), Wet Annular Burnable Absorbers
(WABAs), and vibration suppressor inserts.

5. Includes Thimble Plug Devices (TPDs), water displacement guide tube plugs, and orifice rod
assemblies.

6. Includes Control Rod Assemblies (CRAs), Control Element Assemblies (CEAs), and Rod Cluster
Control Assemblies (RCCAs).

7. N/A means not authorized for loading at this cooling time.
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Table 2.1.26

MAXIMUM ALLOWABLE DECAY HEAT PER FUEL STORAGE LOCATION
(UNIFORM LOADING, ZR-CLAD)

MPC Model Decay Heat per Fuel Assembly

(kW)

Intact Fuel Assemblies

MPC-24 <1.157

MPC-24E/24EF < 1.173

MPC-32/32F < 0.898

MPC-68/68FF < 0.414

Damaged Fuel Assemblies and Fuel Debris

MPC-24 < 1.099

MPC-24E/24EF < 1.114

MPC-32/32F < 0.718

MPC-68/68FF < 0.393
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Table 2.1.27

MPC FUEL STORAGE REGIONS AND MAXIMUM DECAY HEAT

Number of Fuel Storage Inner Region Outer Region
Maximum Decay Maximum Decay

MLPC Model Locations in Inner and Heat per Assembly Heat per Assembly
Outer Regions (kW) (kW)

MPC-24 4 and 20 1.470 0.900

MPC-24E/24EF 4 and 20 1.540 0.900

MPC-32/32F 12 and 20 1.131 0.600

MPC-68/68FF 32 and 36 0.500 0.275

Note: These limits apply to intact fuel assemblies, damaged fuel assemblies and fuel debris.
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Table 2.1.28

PWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 14x14A
Time
(years) A B C D E F G

> 3 20277.1 303.592 -68.329 -139.41 2993.67 -498.159 -615.411

> 4 35560.1 .- 6034.67 985.415 -132.734 3578.92 -723.721 -609.84

> 5 48917.9 -14499.5 2976.09 -150.707 4072.55 -892.691 -54.8362

> 6 59110.3 -22507 5255.61 -177.017 4517.03 -1024.01 613.36

>7 67595.6 -30158.1 7746.6 -200.128 4898.71 -1123.21 716.004

>,8 74424.9 -36871.1 10169.4. -218.676 .5203.64 -1190.24 741.163

>9 81405.8 -44093.1. 12910.8 -227.916 5405.34 -1223.27 250.224

> 10 86184.3 -49211.7 15063.4 -237.641 5607.96 -1266.21 134.435

> 11 92024.9 -55666.8 17779.6 -240.973 5732.25 -1282.12 -401.456

> 12 94775.8 -58559.7 19249.9 -246.369 5896.27 -1345.42 -295.435

> 13 100163 -64813.8 2.2045.1 -242.572 5861.86 -1261.66 -842.159

> 14 103971 -69171 24207 -242.651 5933.96 -1277.48 -1108.99

> 15 108919 -75171.1 27152.4 -243.154 6000.2 -1301.19 -1620.63

•16 110622. -76715.2 28210.2 -240.235 6028.33 -1307.74 -1425.5

>17 115582 -82929.7 31411.9 -235.234 5982.3 -.1244.11 -1948.05

.18 .119195. -87323.5 33881.4 -233.28 6002.43 -1245.95 -2199.41

> 19 121882 -90270.6 35713.7 -231.873 6044.42• -1284.55 -2264.05

>20 124649 -93573.5 37853.1 -230.22 16075.82 -1306.57 -2319.63
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Table 2.1.28 (cont'd)

PWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 14x14B
Time
(years) A B C D E F G

>3 18937.9 70.2997 -28.6224 -130.732 2572.36 -383.393 -858.17

>4 32058.7 -4960.63 745.224 -125.978 3048.98 -551.656 -549.108

>5 42626.3 -10804.1 1965.09 -139.722 3433.49 -676.643 321.88

>6 51209.6 -16782.3 3490.45 -158.929 3751.01 -761.524 847.282

>7 57829.9 -21982 5009.12 -180.026 4066.65 -846.272 1200.45

>8 62758 -26055.3 6330.88. -196.804 4340.18 -928.336 1413.17

>9 68161.4 -30827.6 7943.87 -204.454 4500.52 -966.347 1084.69

>10 71996.8 -34224.3 9197.25 -210.433 4638.94 -1001.83 1016.38

> 11 75567.3 -37486.1 10466.9 -214.95 4759.55 -1040.85 848.169

> 12 79296.7 -40900.3 11799.6 -212.898 4794.13 -1040.51 576.242

> 13 82257.3 -43594 12935 -212.8 4845.81 -1056.01 410.807

> 14 83941.2 -44915.2 13641 -215.389 4953.19 -1121.71 552.724

> 15 87228.5 -48130 15056.9 -212.545 4951.12. -1112.5 260.194

> 16 90321.7 -50918.3 16285.5 -206.094 4923.36 -1106.35 -38.7487

> 17 92836.2 -53314.5 17481.7 -203.139 4924.61 -1.109.32 -159.673

>18 93872.8 -53721.4 17865.1. -202.573 4956.21 -1136.9 30.0594

19 96361.6 -56019.1 19075.9 -199.068 4954.59 -1156.07 -125.9•17

>20 98647.5 -57795.1 19961.8 -191.502 4869.59 -1108.74 -217.603
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Table 2.1.28 (cont'd)

PWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 14x14C
Time
(years) A B C D E F G

>3 19176.9 192.012 -66.7595 -138.112 2666.73 -407.664 -1372.41

> 4 32040.3 -4731.4 651.014 -124.944 3012.63 -530.456 -890.059

>5 43276.7 -11292.8 2009.76 -142.172 3313.91 -594.917 -200.195

>6 51315.5 -16920.5 3414.76 -164.287 3610.77 -652.118 463.041

> 7 57594.7 -21897.6 4848.49 -189.606 3940.67 -729.367 781.46

> 8 63252.3 -26562.8 6273.01 -199.974 4088.41 -732.054 693.879

>9 67657.5 -30350.9 7533.4 -211.77 4283.39 -772.916 588.456

>10 71834.4 -34113.7 8857.32 -216.40 8 4383.45 -774.982 380.243

> 11 75464.1 -37382.J 10063 -218.813 4460.69 -776.665 160.668

> 12 77811.1 -39425.1 10934.3 -225.193 4604.68 -833.459 182.463

> 13 81438.3 -42785.4 12239.9 -220.943 4597.28 -803.32 -191.636

> 14 84222.1 -45291.6 13287.9 -218.366 4608.13 -791.655 -354.59

> 15 86700.1 -47582.6 14331.2 -218.206 4655.34 -807.366 -487.316

> 16 88104.7 -48601.1 14927.9 -219.498 4729.97 -849.446 -373.196

> 17 91103.3 -51332.5 16129 -212.138 4679.91 -822.896 -654.296

18 93850.4 -53915.8 17336.9 _207,666 4652.65 -799.697 -866.307

> 19 96192.9 -55955.8 18359.3 -203.462 4642.65 -800.315 -1007.75

>20 97790.4 -57058.1 19027.7 -200.963 4635.88 -799.721 -951.122
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Table 2.1.28 (cont'd)

PWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 15x15A/B/C
Time
(years) A B C D E F G

>3 15789.2 119.829 -21.8071 -127.422 2152.53 -267.717 -580.768

>4 26803.8 -3312.93 415.027 -116.279 2550.15 -386.33 -367.168

>5 36403.6 -7831.93 1219.66 -126.065 2858.32 -471.785 326.863

>6 44046.1 -12375.9 2213.52 -145.727 3153.45 -539.715 851.971

> 7 49753.5 -16172.6 3163.61 -166.946 3428.38 -603.598 1186.31

> 8 55095.4 -20182.5 4287.03 -183.047 3650.42 -652.92 1052.4

>9 58974.4 -23071.6 5156.53 -191.718 3805.41 -687.18 1025

> 10 62591.8 -25800.8 5995.95 -195.105 3884.14 -690.659. 868.556

> 11 65133.1 -27747.4 6689 -203.095 4036.91 -744.034 894.607

>12 68448.4 -30456 7624.9 -202.201 4083.52 -753.391 577.914

> 13. 71084.4 -32536.4 8381.78 -201.624 4117.93 -757.16 379.105

> 14 73459.5 -34352.3 9068.86 -197.988 4113.16 -747.015 266.536

> 15 75950.7 -36469.4 9920.52 -199.791 4184.91 -779.222 57.9429

> 16 76929.1 -36845.6 10171.3 -197.88 4206.24 -794.541 256.099

> 17 79730 -39134.8 11069.4 -190.865 4160.42 -773.448 -42.6853

> 18 81649.2 -40583 11736.1 -187.604 4163.36 -785.838 -113.614

>19 83459 -41771.8 12265.9 -181.461 4107.51 -758.496 -193.442

>20 86165.4 -44208.8 13361.2 -178.89 4107.62 -768.671 -479.778
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Table 2.1.28 (cont'd)

PWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 15xI5D/E/F/H
Time
(years) A B C D E F G

>3 15192.5 50.5722 -12.3042 -126.906 2009.71 -235.879 -561.574

> 4 25782.5 -3096.5 369.096 -113.289 2357.75 -334.695 -254.964

> 5 35026.5 -7299.87 109.1.93 -124.619 2664 -414.527 470.916

> 6 42234.9 -11438.4 1967.63 -145.948 2945.81 -474.981 1016.84

>7 47818.4 -15047 2839.22 -167.273 3208.95 -531.296 1321.12

> 8 52730.7 -18387.2 3702.43 -175.057 3335.58 -543.232 1223.61

> 9 56254.6 -20999.9 4485.93 -190.489 3547.98 -600.64 1261.55

>10. 59874.6 -23706.5 5303.88 -193.807 3633.01 -611.892 1028.63

> 11 62811 -25848.4 5979.64 -194.997 3694.14 -618.968 862.738

> 12 65557.6 -27952.4 6686.74 -198.224 3767.28 -635.126 645.139

> 13 67379.4 -29239.2 7197.49 -200.164 3858.53 -677.958 652.601

* 14 69599.2 -30823.8 7768.51 -196.788 3868.2 -679.88 504.443

>15 71806.7 -32425 8360.38 -191.935 3851.65 -669.917 321.146

>16 73662.6 -33703.5 8870.78 -187.366 3831.59 -658.419 232.335

>17 76219.8 -35898.1 9754.72 -189.111 3892.07 -694.244 -46.924

> 18, 76594.4 -35518.2 9719.78 -185.11 3897.04 -712.82 236.047

> 19 78592.7 -36920.8 10316.5 -179.54 .3865.84 -709.551 82A78

>20 80770.5 -38599.9 11051.3 -175.106 .3858.67 -723.211 -116.014
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Table 2.1.28 (cont'd)

PWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 16x16A
Time
(years) A B C D E F G

> 3 17038.2 158.445 -37.6008 -136.707 2368.1 -321.58 -700.033

>4 29166.3. -3919.95 508.439 -125.131 2782.53 -455.722 -344.199

>5 40285 -9762.36 1629.72 -139.652 3111,83 -539.804 139.67

>6 48335.7 -15002.6 .2864.09 -164.702 3444.97 -614.756 851.706

>7 55274.9 -20190 4258.03 -185.909 3728.11 -670.841 920.035

>8 60646.6 -24402.4. 5483.54 -199.014 3903.29 -682.26 944.913

>9 64663.2 -27753.1 6588.21 -215.318 4145.34 -746.822 967.914

> 10 69306.9 -31739.1 7892.13 -218.898 4237.04 -746.815 589.277

> 11 72725.8 -34676.6 8942.26 -220.836 4312.93 -750.85 407.133

>12 76573.8 -38238.7 10248.1 -224.934 4395.85 -757.914 23.7549

> 13 •78569 -39794.3 10914.9 -224.584 4457 -776.876 69.428

>• 14 81559.4 -42453.6 11969.6 -222.704 4485.28 -778.427 -203.031

> 15 84108.6 -44680.4 12897.8 -218.387 4460 -746.756 -329.078

> 16 86512.2 -46766.8 13822.8 -216.278 4487.79 -759.882 -479.729

> 17 87526.7 -47326.2 14221 -218.894 4567.68 -805.659 -273.692

>•18 90340.3 -49888.6 15349.8 -212.139 4506.29 -762.236 -513.316

.•> 19 93218.2 -52436.7 16482.4 -207.653 4504.12 -776.489 -837.1

> 20 95533.9 .- 54474.1 1•17484.2 1-203.094 4476.21 -760.482 -955.662
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Table 2.1.28 (cont'd)

PWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 17x17A
Time
(years) A B C D E F G

> 3 16784.4 3.90244 -10.476 -128.835 2256.98 -287.108 -263.081

>4 28859 -3824.72 491.016 -120.108 2737.65 -432.361 -113.457

>•5 40315.9 -9724 1622.89 -140.459 3170.28 -547.749 425.136

>6 49378.5 -15653.1 3029.25 -164.712 3532.55 -628.93 842.73

> 7 56759.5 -21320.4 4598.78 -190.58 3873.21 -698.143 975.46

>8 63153.4 -26463.8 6102.47 -201.262 4021.84 -685.431 848.497
>9 67874.9 -30519.2 7442.84 -218.184 4287.23 -754.597 723.305.

> 10 72676.8 -34855.2 8928.27 -222.423 4382.07 -741.243 387.877

> 11 75623 -37457.1 9927.65 -232.962 4564.55 -792.051 388.402

>12 80141.8 -41736.5 11509.8 -232.944 4624.72 -787.134 -164.727

> 13 83587.5 -45016.4 12800.9 -230.643 4623.2 -745.177 -428.635

> 14 86311.3 -47443.4 13815.2 -228.162 4638.89 -729.425 -561.758

> 15 87839.2 -48704.1 14500.3 -231.979 4747.67 -775.801 -441.959

>16 91190.5 -518.77.4 15813.2 -225.768 4692.45. -719.311 -756.537

>17 94512 -55201.2 17306.1 -224.328 4740.86 -747.11 -1129.15

> 18 96959 -57459.9 18403.8 -220.038 4721.02 -726.928. -1272.47

>19 99061.1 -59172.1. .19253.1 -2114.045 4663.37 -679.362 -1309.88

>20 100305 -59997.5 19841.1 -216.112 4721.71 ý705.463 -1148.45
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Table 2.1.28 (cont'd)

PWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 17x17B/C
Time
(years) A B C D E F G

>3 15526.8 18.0364 -9.36581 -128.415 2050.81 -243.915 -426.07

> 4 26595.4 -3345.47 409.264 -115.394 2429.48 -350.883 -243.477

>5 36190.4 -7783.2 1186.37 -130.008 2769.53 -438.716 519.95

>6 44159 -12517.5 2209.54 -150.234 3042.25 -489.858 924.151

* 7 50399.6 -16780.6 3277.26 -173.223 3336.58 -555.743 1129.66

>8 55453.9 -20420 4259.68 -189.355 3531.65 -581.917 1105.62

> 9 59469.3 -23459.8 5176.62 -199.63 3709.99 -626.667 1028.74

> 10 63200.5 -26319.6 6047.8 -203.233 3783.02 -619.949 805.311

> 11 65636.3 -28258.3 6757.23 -214.247 3972.8 -688.56 843.457

> 12 68989.7 -30904.4 7626.53 -212.539 3995.62 -678.037 495.032

> 13 71616.6 -32962.2 8360.45 -210.386 4009.11 -666.542 317.009

> 14 73923.9 -34748 9037.75 -207.668 4020.13 -662.692 183.086

> 15 76131.8. -36422.3 9692.32 -203.428 4014.55 -655.981 47.5234

>16 77376.5 -37224.7 10111.4 -207.581 4110.76 -703.37 161.128

>: 17 80294.9. -39675.9 11065.9 -201.194 4079.24 -691.636 -173.782

> 18 82219.8 -41064.8 11672.1 -195.431 4043.83 -675.432 7286.059

> 19 84168.9 •-42503.6 .12309.4 -190.602 4008.19 -656.192 -372.411

>20 86074.2 -43854.4 12935.9 -185.767 3985.57 -656.72 -475.953
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Table 2.1.29C

BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 7x7B
Time
(years) A B C D E F G

>3 26409.1 28347.5 -16858 -147.076 5636.32 -1606.75 1177.88

>4 61967.8 -6618.31 -4131.96 -113.949 6122.77 -2042.85 -96.7439

> 5 91601.1• -49298.3 17826.5 -132.045 6823.14 -2418.49 -185.189

>6 111369 -80890.1 35713.8 -150.262 7288.51 -2471.1 86.6363

>7 126904 -108669 53338.1 -167.764 7650.57 -2340.78 150.403

* 8 139181 -132294 69852.5 -187.317 8098.66 -2336.13 97.5285.

>9 150334 -154490 86148.1 -193.899 8232.84 -2040.37 -123.029

> 10 159897 -173614 100819 -194.156 8254.99 -1708.32 -373.605

> 11 166931 -186860 111502 -193.776 8251.55 -1393.91 -543.677

> 12 173691 -201687 125166 -202.578 8626.84 -1642.3 -650.814

> 13 180312 -215406 137518 -201.041 8642.19 -1469.45 -810.024

> 14 185927 -227005 148721 -197.938 8607.6 -1225.95 -892.876

>15 191151 -236120 156781 -191.625 8451.86 -846.27 -1019.4

> 16 195761 -244598 165372 -187.043. 8359.19 -572.561 -1068.19

> 17 200791 .- 256573 179816 -197.26 8914.28 -1393.37 -1218.63

> 1.8 206068 -266136 188841, -187,191 8569.56 -730.898 -1363.79

>19 210187 -273609 197794 -182.151 8488.23 *-584.727 *-1335.59

>20 213731 -278120 203074 -175.864 8395.63 -45.304 -364.38
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Table 2.1.29 (cont'd)

BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 8x8B
Time
(years) A B C D E F G

> 3 28219.6 28963.7 -17616.2 -147.68 5887.41 -1730.96 1048.21

>4 66061.8 -10742.4 -1961.82 -123.066 6565.54 -2356.05 -298.005

> 5 95790.7 -53401.7 19836.7 -134.584 71.45.41 -2637.09 -298.858

> 6 117477 -90055.9 41383.9 -154.758 7613.43 -2612.69 -64.9921

> 7 134090 -120643 60983 -168.675 7809 -2183.3 -40.8885

>8 148186 -149181 81418.7 -185.726 8190.07 -2040.31 -260.773

> 9 159082 -172081 99175.2 -197.185 8450.86 -1792.04 -381.705

>10 168816 -191389 113810 -195.613 8359.87 -1244.22 -613.594

> 11 177221 -210599 131099 -208.3 8810 -1466.49 -819.773

> 12 183929 -224384 143405 -207.497 8841.33 -1227.71 -929.708

> 13 191093 -240384 158327 -204.95 8760.17 -811.708 -1154.76

> 14 196787 -252211 169664 -204.574 8810.95 -610.928 -1208.97

> 15 203345 -267656 186057 -208.962 9078.41 -828.954 -1:383.76

> 16 207973 -276838 196071 -204.592 9024.17 -640.808 -1436.43

> 17 213891 -290411 211145 -202.169 9024.19 -482.1. -1f595.28.

>18 217483 -294066 214600 -194.243 .8859.35 -244.684 -1529.61

>19 220504 -297897 219704 -190.161 8794.97 -10.9863 -1433.86

>20 227821 -318395 245322 -194.682 9060.96 -350.308 -1741.16
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Table 2.1.29 (cont'd)

BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 8x8C/D/E
Time
(years) A B C D E F G

>3 28592.7 28691.5 -17773.6 -149.418 5969.45 -1746.07 1063.62

>4 66720.8 -12115.7 -1154 -128.444 6787.16 -2529.99 -302.155

>5 96929.1 -55827.5 21140.3 -136.228 7259.19 -2685.06 -334.328

> 6 118190 -92000.2 42602.5 -162.204 7907.46 -2853.42 -47.5465

> 7 135120 -123437 62827.1 -172.397 8059.72 -2385.81 -75.0053

> 8 149162 -152986 84543.1 -195.458 8559.11 -2306.54 -183.595

>9 161041 -177511 103020 -200.087 8632.84 -1864.4 -433.081

> 10 171754 -201468 122929 -209.799 8952.06 -1802.86 -755.742

> 11 179364 -217723 137000 -215.803 9142.37 -1664.82 -847.268

> 12 186090 -232150 150255 -216.033 9218.36 -1441.92 -975.817

>13 193571 -249160 165997 -213.204 9146.99 -1011.13 -1119.47

> 14 200034 -263671 180359 -210.559 9107.54 -694.626 -1312.55

>15 205581 -275904 193585 -216.242 9446.57 -1040.65 -1428.13

>16 212015 -290101 207594 -210.036 9212.93 -428.321 -1590.7

> 17 216775 -299399 218278 -204.611 9187.86 -398.353 -1657.6

> 18 220653 -306719 227133 -202.498 9186.34 -181.672 1611.86

> 19 224859 -314004 235956 -193.902 8990.14 145.151 :1604.71

>20 228541 -320787 245449 -200.727 9310.87 -230.252 -1570.18
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Table 2.1.29 (cont'd)

/

BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 9x9A
Time
(years) A B C D E F G

>3 30538.7 28463.2 r18105.5 -150.039 6226.92 -1876.69 1034.06

>4 71040.1 -16692.2 1164.15 -128.241 7105.27 -2728.58 -414.09

>5 100888 -60277.7 24150.1 -142.541 7896.11 -3272.86 -232.197

>6 124846 -102954 50350.8 -161.849 8350.16 -3163.44 -91.1396

>7 143516 -140615 76456.5 -185.538 8833.04 -2949.38 -104.802

8 158218 -171718 99788.2 -196.315 9048.88 -2529.26 -259.929

> 9 172226 -204312 126620 -214.214 9511.56 -2459.19 -624.954

> 10 182700 -227938 146736 -215.793 9555.41 -1959.92 -830.943.

> 11 190734 -246174 163557 -218.071 9649.43 -1647.5 -935.021

> 12 199997 -269577 186406 -223.975 9884.92 -1534.34 -1235.27

13 2.07414 -287446 204723 -228.808 10131.7 -1614.49 -1358.61

>14 215263 -306131 223440 -220.919 9928.27 -988.276 -1638.05

> 15 221920 -321612 239503 -217.949 9839.02 -554.709 -1784.04

> 16 226532 -331778 252234 -216.189 9893.43 -442.149 -1754.72

> 17 232959 -348593 272609 -219.907 10126.3 -663.84 -1915.3

> 18 240810 -369085 296809 -219.729 10294.6 -859.302. -2218.87

19 244637 -375057 304456 -210.997 10077.8 -425.446 -2127.83

>20 248112 -379262 309391 -204.191 9863.67 100.27 -2059.39
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Table 2.1.29 (cont'd)

BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 9x9B
Time
(years) A B C D E F G

>3 30613.2 28985.3 -18371 -151.117 6321.55 -1881.28 988.92

>4 71346.6 -15922.9 631.132 -128.876 7232.47 -2810.64 -471.737

>5 102131 -60654.1 23762.7 -140.748 7881.6 -3156.38 -417.979

>6 127187 -105842 51525.2 -162.228 8307.4 -2913.08 -342.13

>7 146853 -145834 79146.5 -185.192 8718.74. -2529.57 -484.885

>8 162013 -178244 103205 -197.825 8896.39 -1921.58 -584.013

>9 176764 -212856 131577 -215.41 9328.18 -1737.12 -1041.11

> 10 186900 -235819 151238 -218.98 9388.08 -1179.87 -1202.83

> 11 196178 -257688 171031 -220.323 9408.47 -638.53 -1385.16

> 12 205366 -280266 192775 -223.715 9592.12 -472.261 -1661.6

> 13 215012 -306103 218866 -231.821 9853.37 -361.449 -1985.56

> 14 222368 -324558 238655 -228.062 9834.57 3.47358 -2178.84

> 15 226705 -332738 247316 -224.659 9696.59 632.172 -2090.75

> 16 233846 -349835 265676 -221.533 9649.93 913.747 -2243.34

>17 243979 -379622 300077 -222.351 9792.17 1011.04 -2753.36

> 18 247774 -386203 308873 -220.306 9791.37 1164.58 -2612.25

> 19 254041 -401906 327901 -213.96 9645.47 1664.94 -2786.2

> 20 256003 -402034 330566 -215.242 9850.42 1359.46 -2550.06
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Table 2.1.29 (cont'd)

BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 9x9C/D
Time
(years) A B C D E F G

>3 30051.6 29548.7 -18614.2 -148.276 6148.44 -1810.34 1006

> 4 70472.7 -14696.6 -233.567 -127.728 7008.69 -2634.22 -444.373

> 5 101298 -59638.9 23065.2 -138.523 7627.57 -2958.03 -377.965

> 6 125546 -102740 49217.4 -160.811 8096.34 -2798.88 -259.767

> 7 143887 -139261 74100.4 -184.302 8550.86 -2517.19 -275.151

8 159633 -172741 98641.4 -194.351 8636.89 -1838.81 -486.731

>9 173517 -204709 124803 -212.604 9151.98 -1853.27 -887.137

> 10 182895 -225481 142362 -218.251 9262.59 -1408.25 -978.356

> 11 192530 -247839 162173 -217.381 9213.58 -818.676 -1222.12

>12 201127 -268201 181030 -215.552. 9147.44 -232.221 -1481.55

> 13 209538 -289761 203291 -225.092 9588.12 -574.227 -1749.35

>14. 216798 -306958 220468 -222.578 9518.22 -69.9307 -1919.71

>.15 223515 -323254 237933 -217.398 9366.52 475.506 -2012.93

>16 228796 -334529 250541 -215.004 9369.33 662.325 -2122.75

>.17 237256 -356311 273419 -206.483 9029.55 1551.3 -2367.96

> 18 242778 -369493 290354 -215.557 9600.71 659.297 -2589.32

>19 246704 -377971 302630 -210.768 9509.41 1025.34 -2476.06

>1.20 249944 -382059 308281 -205.495 9362.63 1389.71 -2350.49
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Table 2.1.29 (cont'd)

BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 9x9E/F
Time
(years) A B C D E F G

>3 30284.3 26949.5 -16926.4 -147.914 6017.02 -1854.81 1026.15

>4 69727.4 -17117.2 1982.33 -127.983 6874.68 -2673.01 -359.962

>5 98438.9 -58492 .23382.2 -138312 7.513.55 -3038.23. -112.641

>6 119765 -95024.1 45261 -159.669 8074.25 -3129.49 221.182

>7 136740 4128219 67940.1 -182.439 8595.68 -3098.17 315.544

>8 150745 -156607 88691.5 -193.941 8908.73 -2947.64. 142.072

>9 162915 -182667 109134 -198.37 8999.11 -2531 -93.4908

>10 174000 -208668 131543 -210.777 9365.52 -2511.74. -445.876

> 11 181524 -224252 145280 -212.407 9489.67 -2387.49 -544.123

> 12 188946 -240952 160787 -210.65 9478.1 -2029.94 -652.339

> 13 193762 -250900 .171363 -215.798 9742.31 -2179.24 -608.636

> 14 203288 -275191 196115 -218.113 .9992.5 -2437.7•1 -1065.92

> 1.5 208108 -284395 205221 -213.956 9857.25 -1970.65 -1082.94

> 16 215093 -301828. 224757 -209.736 9789.58 -.1718.37 m1303.35

>17. :220056 .-310906 234180 -201.494 9541.73 -1230.42 -1284.15

18 224545 -320969 247724 -206.807 9892.97 -1790.61 -1381.9

> 19 226901 -322168 250395 -204.073 9902.14. -1748.78. -.1253.22

>20 235561• -345414 276856 -198.306 9720.78 1•-1284.14. -1569.18
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Table 2.1.29 (cont'd)

BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 9x9G
Time
(years) A B C D E F G

>3 35158.5 26918.5 -17976.7 -149.915 6787.19 -2154.29 836.894

>4 77.137.2 -19760.1 2371.28 -130.934 8015.43 -3512.38 -455.424

> 5 113405 -77931.2 35511.2 -150.637 8932.55 -4099.48 -629.806

>6 139938 -128700 68698.3 -173.799 9451.22 -3847.83 -455.905

> 7 164267 -183309 109526 -193.952 9737.91 -3046.84 -737.992

>8 182646 -227630 146275 -210.936. 10092.3 -2489.3 -1066.96

>9 199309 -270496 184230 -218.617 10124.3 -1453.81 -1381.41

>10 213186 -3.08612 221699 -235.828 10703.2 -1483.31 -1821.73

> 11 225587 -342892 256242 -236.112 10658.5 -612.076 -2134.65

> 12 235725 -370471 285195 -234.378 10604.9 118.591 -2417.89

> 13 247043 -404028 323049 -245.79 11158.2 -281.813 -2869.82

> 14 253649 -421134 342682 -243.142 11082.3 400.019 -2903.88

> 15 262750 -448593 376340 -245.435 11241.2 581.355 -3125.07

> 16 270816 -470846 402249 -236.294 10845.4 1791.46 -3293.07

>17 279840 -500272 441964 -241.324 11222.6 1455.84 -3528.25

> 18 284533 -511287 458538 -240.905 11367.2 1459.68 -3520.94

>19 295787 -545885 501824 -235.685 11188.2 2082.21 -3954.2

>20 300209 -556936 519174 -229.539 10956 2942.09 -3872.87
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Table 2.1.29 (cont'd)

BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 10x10A/B
Time
(years) A B C D E F G

> 3 29285.4 27562.2 -16985 -148.415 5960.56 -1810.79 1001.45

> 4 :67844.9 -14383 395.619 -127.723 6754.56 -2547.96 -369.267

>5 96660.5 -55383.8 21180.4 -137.17 7296.6 -2793.58 -192.85

>6 118098 -91995 42958 -162.985 7931.44 -2940.84 60.9197

>7 135115 -123721 63588.9 -171.747 8060.23 -2485.59 73.6219

>8 148721 -151690 84143.9 -190.26. 8515.81 -2444.25 -63.4649

>9 160770 -177397 104069 -197.534 8673.6 -2101.25 -331.046

>10 170331 -198419 121817 -213.692 9178.33 -2351.54 -472.844

> 11 179130 -217799 138652 -209.75 9095.43 -1842.88 -705.254

12 186070 -232389 151792 -208.946 9104.52 -1565.11 -822.73

> 13 192407 -246005 164928 -209.696 9234.7 -1541.54 -979.245

> 14 200493 -265596 183851 -207.639 9159.83 -1095.72 -1240.61

> 15 205594 -276161 195760 -213.491 9564.23 41672.22 -1333.64

>16 209386 -282942 204110 -209.322 9515.83 -1506.86 -1286.82

> 17 214972 -295149 217095 -202.445 9292.34 -893.6 -1364.97

> 18 219312 -302748 225826 -198.667 9272.27 -878.536 -1379.58

> 19 223481 -310663 235908 -194.825• 9252.9 -785.066 -1379.62

>20 227628. -319115 247597 -199.194 9509.02 7-1135.23 -1386.19
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Table 2.1.29 (cont'd)

BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 10xl0C
Time
(years) A B C D E F G

>3 31425.3 27358.9 -17413.3 -152.096 6367.53 -1967.91 925.763

>4 71804 -16964.1 1000.4 -129.299 7227.18 -2806.44 -416.92

5 102685 -62383.3 24971.2 -142.316 7961 -3290.98 -354.784

>6 126962 -105802 51444.6 -164.283 8421.44 -3104.21 -186.615

>7 146284 -145608 79275.5 -188.967 8927.23 -2859.08 -251.163

>8 162748 -181259 105859 -199.122 9052.91 -2206.31 -554.124

> 9 176612 -214183 133261 -217.56 9492.17 -1999.28 -860.669

> 10 187756 -239944 155315 -219.56 9532.45 -1470.9 -1113.42

>11 196580 -260941 174536 -222.457 9591.64 -944.473 -1225.79

>12• 208017 -291492 204805 -233.488 10058.3 -1217.01 -1749.84

> 13 214920 -307772. 221158 -234.747 10137.1 -897.23 -1868.04.

> 14 222562 -326471 240234 -228.569 9929.34 -183.47 -2016.12

> 15 228844 -342382 258347 -226.944 9936.76 117.061 -2106.05

> 16 .233907 -353008 270390 -223.179 9910.72 360.39 -2105.23

> 17 244153 -383017 304819 -227.266 10103.2 380.393 -2633.23

> 18 249240. -395456 321452* -226.989 10284.1 169.947 -2623.67

>19 254343 -406555 335240 -220.569 .10070.5 764.689 -2640.2

* >20 260202 -421069 354249ý -216.255 10069.9 854.497 -2732.77
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2.2 HI-STORM 100 DESIGN CRITERIA

The HI-STORM 100 System is engineered for unprotected outside storage for the duration of its
design life. Accordingly, the cask system is designed to withstand normal, off-normal, and
environmental phenomena and accident conditions of storage. Normal conditions include the
conditions that are expected to occur regularly or frequently in the course of normal operation. Off-
normal conditions include those infrequent events that could reasonably be expected to occur during
the lifetime of the cask system. Environmental phenomena and accident conditions include events
that are postulated because their consideration establishes a conservative design basis.

Normal condition loads act in combination with all other loads (off-normal or environmental
phenomena/accident). Off-normal condition loads and environmental phenomena and accident
condition loads are not applied in combination. However, loads that occur as a result of the same
phenomena are applied simultaneously. For example, the tornado winds loads are applied in
combinationwith the tornado missile loads.

*In the following subsections, the design criteria are established for normal, off-normal, and accident
conditions for storage. Loads that require consideration under each condition are identified and the
design criteria discussed. Based on consideration of the applicable requirements of the system, the
following loads are identified:

Normal (Long-Term Storage) Condition: Dead Weight, Handling, Pressure, Temperature, Snow

Off-Normal Condition: Pressure, Temperature, Leakage of One Seal, Partial Blockage of Air Inlets,
Off-Normal Handling of HI-TRAC, Supplemental Cooling System Power Failure

Accident Condition: Handling Accident, Tip-Over, Fire, Partial Blockage of MPC Basket Vent
Holes, Tornado, Flood, Earthquake, Fuel Rod Rupture, Confinement Boundary Leakage, Explosion,
Lightning, Burial Under Debris, 100% Blockage of Air Inlets, Extreme Environmental Temperature
Supplemental Cooling System Operational Failure

Short-Term Operations: This loading condition is defined -to accord with ISG-] 1, Revision 3
guidance [2.0.8]. This includes:those normal operational evolutions necessary to support fuel loading
or unloading activities. These include, but, are not limited to MPC cavity drying, helium backfill,
MPC transfer, and on-site handling of a loaded HI-TRAC transfer cask.

Each of these conditions and the applicable loads are identified with applicable design criteria
established. Design criteria are deemed to be satisfied if the specified allowable limits are not
exceeded.
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2.2.1 Normal Condition Design Criteria

2.2.1.1 Dead Weight

The HI-STORM 100 System must withstand the static loads due to the weights of each of its
components, including the weight of the HI-TRAC with the loaded MPC atop the storage overpack.

2.2.1.2 Handling

The HI-STORM 100 System must withstand loads experienced during routine handling. Normal
handling includes:

L vertical lifting and transfer to the ISFSI of the HI-STORM overpack with loaded
MPC

ii. •lifting, upending/downending, and transfer to the ISFSI of the HI-TRAC with loaded
MPC in the vertical or horizontal position

iii. lifting ofthe loaded MPC into and out of the HI-TRAC, HI-STORM, or HI-STAR
overpack

The loads shall be increased by 15% to include any dynamic effects from the lifting operations as
directed by CMAA #70 [2.2.16].

Handling operations of the loaded HI-TRAC transfer cask or HI-STORM overpack are limited to
*working area ambient temperatures greater than or equal to 0°F. This limitation is specified to ensure
that a sufficient safety margin exists before brittle fracture might occur during handling operations.
Subsection 3.1.2.3 provides the demonstration of the adequacy of the HI-TRAC transfer cask and the

•HI-STORM overpack for use during handling operations at a minimum service temperature of 00 F.

Lifting attachments and devices shall meet the requirements of ANSI N 14.6' [2.2.3].

2.2.1.3 Pressure

The MPC internal pressure is dependent on the initial volume of cover gas (helium), the volume of
fill gas in the fuel rods, the fraction of fission gas released from the fuel matrix, the number of fuel
rods assumed to have ruptured, and temperature.

The normal condition MPC internal design pressure bounds the cumulative effects of the maximum
fill gas volume, normalenvironmental ambient temperatures, the maximum MPC heat load, and an
assumed 1% of the fuel rods ruptured with 100% of the fill gas and 30% of the significant
radioactive gases (e.g., H3, Kr, and Xe) released in accordance with NUREG-1536.

t Yield and ultimate strength values used in the stress compliance demonstration per ANSI N 14.6 shall utilize
confirmed material test data through either independent coupon testing or material suppliers= CMTR or COC, as
appropriate. To ensure consistency between the design and fabrication of a lifting component, compliance with
ANSI N14.6 in this FSAR implies that the guidelines of ASME Section 111, Subsection NF for Class 3 structures are
followed for material procurement and testing, fabrication, and for NDE during manufacturing.
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Table 2.2.1 provides the design pressures for the HI-STORM 100 System.

For the storage of damaged fuel assemblies or fuel debris in a damaged fuel container, it is
conservatively assumed that 100% of the fuel rods are ruptured with 100% of the rod fill gas and
30% of the significant radioactive gases (e.g., H3, Kr, and Xe) released for both normal and off-
normal conditions. For PWR assemblies stored with non-fuel hardware, it is assumed that 100% of
the gasses in the non-fuel hardware (e.g., BPRAs) is also released. This condition is bounded by the
pressure calculation for design basis intact fuel with 100% of the fuel rods ruptured in all of the fuel
assemblies. It is shown in Chapter 4 that the accident condition design pressure is not exceeded with
100% of the fuel rods ruptured in all of the design basis fuel assemblies. Therefore, rupture of 100%
of the fuel rods in the damaged fuel assemblies or fuel debris will not cause the MPC internal
pressure to exceed the accident design pressure.

The MPC internal design pressure under accident conditions is discussed in Subsection 2.2.3.

The HI-STORM overpack and MPC external pressure is a function of environmental conditions,
which may produce a pressure loading. The normal and off-normal condition external design
pressure is setat ambient standard pressure (1 atmosphere).

The HI-STORM overpack is not capable of retaining internal pressure due to its open design, and,
therefore, no analysis is required or provided for the overpack internal pressure.

The HI-TRAC is not capable of retaining internal pressure due to its open design and, therefore,
ambient and hydrostatic pressures are the only pressures experienced. Due to the thick steel walls of
the HI-TRAC transfer cask, it-is evident that the small hydrostatic pressure can be easily withstood;
no analysis is required or provided for the HI-TRAC internal pressure. However, the HI-TRAC
waterjacket does experienceinternal pressure due to the heat-up of the water contained in the water
jacket. Analysis is presented 'in Chapter 3 that demonstrates that the design pressure in Table 2.2.1
can be withstood bY the water jacket and Chapter 4 demonstrates by analysis that the water jacket

design pressure will not be exceeded. To provide an additional layer of safety, a pressure relief.
device set at the design pressure is provided, which ensures the pressure will not be exceeded.

2.2.1.4 Environmental Temperatures

To evaluate the long-term effects of ambient temperatures on the HI-STORM 100 System, an upper
bound value on theannual average ambient temperatures for the continental United States is used.
The normal temperature specified in Table 2.2.2 is bounding for all reactor sites in the contiguous
United States. The "normal" temperature set forth in Table 2.2.2 is intended to ensure that it is
greater than the annual average of ambient temperatures at any location in the continental United
States. In the northern region of the U.S., the design basis "normal" temperature used in this FSAR
will be exceeded only for brief periods, whereas in the southern U.S, it may be straddled daily in
summer months. Inasmuch as the sole effect of the "normal" temperature is on the computed fuel
cladding temperature to establish long-term fuel integrity, it should not lie below the time averaged
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yearly mean for the ISFSI site. Previously licensed cask systems have employed lower "normal"
temperatures (viz. 750 F in Docket 72-1007) by utilizing national meteorological data.

Likewise, within the thermal analysis, a conservatively assumed soil temperature of the value
specified in Table 2.2.2 is utilized to bound the annual average soil temperatures for the continental
United States. The 1987 ASHRAE Handbook (HVAC Systems and Applications) reports average
earth temperatures, from 0 to 10 feet below grade, throughout the continental United States. The
highest reported annual average value for the continental United States is 77' F for Key West,
Florida. Therefore, this value is specified in Table 2.2.2 as the bounding soil temperature.

Confirmation of the site-specific annual average ambient temperature and soil temperature is to be
performed by the licensee, in accordance with 10CFR72.212. The annual average temperature is
combined with insolation in accordance with I OCFR71.71 averaged over 24 hours to establish the
normal condition temperatures in the HI-STORM 100 System.

2.2.1.5 Design Temperatures

The ASME Boiler and Pressure Vessel Code (ASME Code) requires that the value of the vessel
design temperature be established with appropriate consideration for the effect of heat generation
internal or external to the vessel. The decay heat load from the spent nuclear fuel is the internal heat
generation source for the HI-STORM 100 System. The ASME Code (Section III, Paragraph NCA-
2142) requires the design temperature to be set at or above the maximum through thickness mean
metal temperature of the pressure part under normal service (Level A) condition. Consistent with the
terminology ofNUREG-1 536, we refer to this temperature as the "Design Temperature for Normal
Conditions". Conservative calculations of the steady-state temperature field in the HI-STORM 100
System, under assumed environmental normal temperatures with the maximum decay heat load,
result in HI-STORM component temperatures at or below the normal condition design temperatures.
for the HI-STORM 100 System defined in Table 2.2.3.

Maintaining fuel rod cladding integrity is also a design consideration. The fuel rod peak. cladding
temperature (PCT) limits for the long-term storage andshort-term normal operating conditions meet
the intent of the guidance in ISG-1 1, Revision 3 [2.0.8]. For moderate burnup.fuel, the previously
licensed PCT. limit of 570'C (10589F). may be used [2.0.9] (see also Section 4.5).

2.2.1.6 Snow and Ice

The HI-STORM 1.00. System must be capable of withstanding pressure loads due to snow and ice.
ASCE 7-88 (formerly ANSI A58.1) [2.2.2] provides empirical formulas and tables to compute the
effective design pressure on the overpack due to the accumulation of snow for the contiguous U.S.
and Alaska. Typical calculated values for heated structures such as the HI-STORM 100 System
range from 50 to 70 pounds per square foot. For conservatism, the snow pressure loading is set at a
level in Table 2.2.8 which bounds the ASCE 7-88 recommendation.
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2.2.2 Off-Normal Conditions Design Criteria

As the HI-STORM 100 System is passive, loss of power and instrumentation failures are not defined
as off-normal conditions. The off-normal condition design criteria are defined in the following
subsections.

A discussion of the effects of each off-normal condition is provided in Section 11.1. Section 11.1
also provides the corrective action for each off-normal condition. The location of the detailed
analysis for each event is referenced in Section 11.1.

2.2.2.1 Pressure

The HI-STORM 100 System must withstand loads due to off-normal pressure. The off-normal
condition MPC internal design pressure bounds the cumulative effects of the maximum fill gas

.volume,. off-normal environmental ambient temperatures, the maximum MPC heat load, and an
assumed 10%. of the fuel rods ruptured with 100% of the fill gas and 30% of the significant
radioactive gases (e.g., H3, Kr, and Xe) released in accordance with NUREG-1536.

2.2.2.2 Environmental Temperatures

The HI-STORM 100 System must withstand off-normal environmental temperatures. The off-
normal environmental temperatures are specified in Table 2.2.2. The lower bound temperature
occurs with no solar loads and the upper bound temperature occurs with steady- state insolation.
Each bounding temperature is assumed to persist for a duration sufficient to allow the system to
reach steady-state temperatures.

Limits on the peaks in the time-varying ambient temperature at an ISFSI site is recognized in the
FSAR in the specification of the off-normal temperatures. The lower bound off-normal temperature
i.s defined as the minimum of the 72-hour average of the ambient temperature at an ISFSI site.
Likewise, the upper bound off-normal temperature is defined by the maximum of 72-hour average of
'the ambient temperature. The lower and upper bound off-normal temperatures listed in Table 2.2.2
are intended to cover all ISFSI sites in the continent U.S. The 72-hour average of temperature used
in the definition of the off-normaltemperature recognizes the considerable thermal inertia of the HI-.
STORM 100 storage system which reduces the effect of undulations in instantaneous temperature on
the internals of the multi-purpose canister.

2.2.2.3 Design Temperatures

In addition to the normal condition design temperatures, which apply to long-term storage and short-
term normal operating conditions (e.g., MPC drying operations and onsite transport operations), we
also define an "off-normal/accident condition temperature" pursuant to the provisions of NUREG-
1536 and Reguilatory Guide 3.61. This is, in effect, the temperature, which may exist during a
transient event (examples of such instances are the overpack blocked air duct off-normal event and
fire accident). The off-normal/accident design temperatures of Table 2.2.3 are set down to bound the
maximax (maximum in time and space) value of the thru-thickness average temperature of the
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structural or non-structural part, as applicable, during the transient event. These enveloping values,
therefore, will bound the maximum temperature reached anywhere in the part, excluding skin effects
during or immediately after, a transient event.

2.2.2.4 Leakage of One Seal

The MPC enclosure vessel is designed to have no credible leakage under all normal, off-normal, and
hypothetical accident conditions of storage.

The confinement boundary is defined by the MPC shell, baseplate, MPC lid., port cover plates,
closure ring, and associated welds. Most confinement boundary welds are inspected by radiography
or ultrasonic examination. Field welds are examined by the liquid penetrant method on the root (if
more than one weld pass is required) and final weld passes. In addition to liquid penetrant
examination, the MPC lid-to-shell weld is pressure tested, and volumetrically examined or multi-
pass liquid penetrant examined. The vent and drain port cover plates are subject to liquid penetrant
examination. These inspection and testing techniques are performed to verify the integrity of the
confinement boundary.

2.2.2.5 Partial Blockage of Air Inlets

The HI-STORM 100 System must withstand the partial blockage of the overpack air inlets. This
event is conservativelydefined as a complete blockage of two (2) of the four air inlets. Because the
overpack air inlets and outlets are covered by fine mesh steel screens, located 900 apart, and
inspected routinely (or alternatively, exit vent air temperature monitored), it is unlikely that all vents
could become blocked by blowing debris, animals, etc. during normal and off-normal operations.
Two of.the air inlets are conservatively assumed to be completely blocked to demonstrate the
inherent thermal stability of the Hi-STORM 100 System.

2.2.2.6 Off-Normal HI-TRAC Handling

During upending and/or downending of the HI-TRAC 100 or HI-TRAC 125 transfer cask, the total
lifted weight issdistributed among both the upper lifting trunnions and the lower pocket trunnions.
Each of the four trunnions onthe HI-TRAC therefore supports approximately one-quarter of the total
weight. This even distribution of the load would continue during the entire rotation operation. The
HI-TRAC 100D and 125D transfer cask designs do not include pocket trunnions. Therefore, the
entire load is held by the lifting trunnions.

If the lifting device cables begin to "go slack" while upending or downending the HI-TRAC 100 or
HI-TRAC 125, the eccentricity of the pocket trunnions would immediately cause the cask to pivot,
restoring tension on the cables. Nevertheless, the pocket trunnions are conservatively analyzed to
support one-half of the total weight, doubling the load per trunnion. This condition is analyzed to
demonstrate that the pocket trunnions in the standard HI-TRAC design possess sufficient strength to
support the increased load under this off-normal condition.
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2.2.3 Environmental Phenomena and Accident Condition Design Criteria

Environmental phenomena and accident condition design criteria are defined in the following
subsections.

The minimum acceptance criteria for the evaluation of the accident conditions are that the MPC
confinement boundary maintains radioactive material confinement, the MPC fuel basket structure
maintains the fuel contents subcritical, the stored SNF can be retrieved by normal means, and the
system provides adequate shielding..

A discussion of the effects of each environmental phenomenon and accident condition is provided in
Section 11.2. The consequences of each accident or environmental phenomenon are evaluated
against the requirements of I OCFR72.106 and I OCFR20. Section 11.2 also provides the corrective
action for each event. The location of the detailed analysis for each event is referenced in Section
11.2.

2;2.3.1 Handling Accident

The HI-STORM. 100 System must withstand loads due to a handling accident. Even though the
loaded HI-STORM 100 System will be lifted in accordance with approved, written procedures and
may use lifting equipment which complies with ANSI N14.6-1993 [2.2.3], certain drop events are
considered herein to demonstrate the defense-in-depth features of the design.

The loaded HI-STORM overpack will be lifted so that the bottom of the cask is at a height less than
the vertical lift limit (see Table 2.2.8) above the ground. For conservatism, the postulated drop event
assumes that the loaded HI-STORM 100 overpack falls freely from the vertical lift limit height
before impacting a thick reinforced concrete pad. The deceleration of the cask must be maintained
below 45 g's. Additionally, the overpack must continue tosuitably shield the radiation emitted from
the loaded MPC. The use of lifting devices designed in accordance with ANSI N14.6 having
redundant drop protection features to lift the loaded overpack will eliminate the lift height limit. The
lift height limitis dependent on thecharacteristics of the impacting surface, which are specified in
Table 2.2.9. Forsite-specific conditions, which are not encompassed by Table 2.2.9, the licensee
shall evaluate the site-specific conditions to ensure that the drop accident loads do not exceed 45 g's.
The methodology used in. this alternative analysis shall be commensurate with the analyses in
Appendix 3.A and shall be reviewed by the Certificate Holder.

The loaded HI-TRAC will be lifted so that the lowest point on the transfer cask (i.e., the bottom edge
of the cask/lid assemblage) is at a height less than the calculated horizontal lift height limit (see
Table 2.2.8) above the ground, when lifted horizontally outside of the reactor facility. For
conservatism, the postulated drop event assumes that the loaded HI-TRAC falls freely from the
horizontal lift height limit before impact.

Analysis is provided that demonstrates that the HI-TRAC continues to suitably shield the radiation
emitted from the loaded MPC, and that the HI-TRAC end plates (top lid and transfer lid for HI-
TRAC 100 and HI-TRAC 125 and the top lid and pool lid for HI-TRAC IOOD and 125D) remain
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attached. Furthermore, the HI-TRAC inner shell is demonstrated by analysis to not deform
sufficiently to hinder retrieval of the MPC. The horizontal lift height limit is dependent on the
characteristics of the impacting surface, which are specified in Table 2.2.9. For site-specific
conditions, which are not encompassed by Table 2.2.9, the licensee shall evaluate the site-specific
conditions to ensure that the drop accident loads do not exceed 45 g's. The methodology used in this
alternative analysis shall be commensurate with the methodology described in this FSAR and shall
be reviewed by the Certificate Holder. The use of lifting devices designed in accordance with ANSI
N 14.6 having redundant drop protection features during horizontal lifting of the loaded HI-TRAC
outside of the reactor facilities eliminate the need for a horizontal lift height limit.

The loaded HI-TRAC, when lifted in the vertical position outside of the Part 50 facility shall be
lifted with devices designed in accordance with ANSI N 14.6 and having redundant drop protection
features unless a site-specific analysis has been performed to determine a lift height limit. For
vertical lifts of HI-TRAC with suitably designed lift devices, a vertical drop is not a credible
accident for the HI-TRAC transfer cask and no vertical lift height limit is required to be established..
Likewise, while the loaded HI-TRAC is positioned atop the HI-STORM 100 overpack for transfer of
the MPC into the overpack (outside the Part 50 facility), the lifting equipment will remain engaged
with the lifting trunnions of the HI-TRAC transfer cask or suitable restraints will be provided to
secure the HI-TRAC. This ensures that a tip-over or drop from atop the HI-STORM 100 overpack is
not a credible accident for the HI-TRAC transfer cask. The design criteria and conditions of use for
* MPC transfer operations from the HI-TRAC transfer cask to the HI-STORM 100 overpack at a Cask
Transfer Facility are specified in Subsection 2.3.3.1 of this FSAR.

The loaded MPC is lowered into the HI-STORM or HI-STAR overpack or raised from the overpack
using the HI-TRAC transfer cask and a MPC lifting system designed in accordance with ANSI
N14.6 and having redundant drop protection features. Therefore, the possibility of a loaded MPC
failing freely from its highest elevation during the MPC transfer operations into the HI-STORM or
HI-STAR overpacks is not credible.

The magnitude of loadings imparted to the HI-STORM 100 System due to drop.events is heavily
influenced by the compliance characteristics of the impacted surface. Two"pre-approved" concrete
pad designs forstoring the HI-STORM 100 System are presented in Table 2.2.9. Other ISFSI pad.
designs may be used provided the designs are reviewed by the Certificate Holder to ensure that
impactive and impulsive loads under accident events such as cask drop and non-mechanistic tip-over
are less than the design basis limits when analyzed using the methodologies established in this
FSAR.

2.2.3.2 Tip-Over

The free-standing HI-STORM 100 System is demonstrated by analysis to remain kinematically
stable under the design basis environmental phenomena (tornado, earthquake, etc.). However, the
HI-STORM 100 overpack and MPC shall also withstand impacts due to a hypothetical tip-over
event. The structural integrity of a loaded HI-STORM 100 System after a tip-over onto a reinforced
concrete pad is demonstrated by analysis. The cask tip-over is not postulated as an outcome of any
environmental phenomenon or accident condition. The cask tip-over is a non-mechanistic event.
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The ISFSI pad for deploying a free-standing HI-STORM overpack must possess sufficient structural
stiffness to meet the strength limits set forth in the ACI Code selected by the ISFSI owner. At the
same time, the pad must be sufficiently compliant such that the maximum deceleration under a tip-
over event is below the limit set forth in Table 3.1.2 of this FSAR.

During original licensing for the HI-STORM 100 System, a single set of ISFSI pad and subgrade
design parameters (now labeled Set A) was established. Experience has shown that achieving a
maximum concrete compressive strength (at 28 days) of 4,200 psi can be difficult. Therefore, a
second set of ISFSI pad and subgrade design parameters (labeled Set B) has been developed. The
Set B ISFSI parameters include a thinner concrete pad and less stiff subgrade, which allow for a
*higher concrete compressive strength. Cask deceleration values for all design basis drop and tipover
events with the HI-STORM 100, HI-STORM IOOS, and HI-STORM IOS Version B overpacks
have been verified to be less than or equal to the design limit of 45 g's for both sets of ISFS.I pad
parameters.

The original set and the new set (Set B) of acceptable ISFSI pad and subgrade design parameters are
specified in Table 2.2.9. Users may design their ISFSI pads and subgrade in compliance with either
parameter Set A or Set B. Alternatively, users may design their site-specific ISFSI pads and
subgrade using any combination of design parameters resulting in a structurally competent pad that
meets the provisions of ACI-318 and also limits the deceleration of the cask to less than or equal to
45 g's for the design basis drop and tip-over eventsfor the HI-STORM 100, HI-STORM I OOS, and
HI-STORM IOOS Version B overpacks. The structural analyses for site-specific ISFSI pad design
shall be performed using methodologies consistent with those described in this FSAR, as applicable.

If the HI-STORM 10.0 System is deployed in ananchored configuration (HI-STORM 1O0A), then
tip-over of the cask is structurally precluded along with the requirement of target compliance, which
warrants *setting specific limits on the concrete compressive strength and subgrade Young's
Modulus. Rather, at the so-called high seismic sites (ZPAs greater than the limit set forth in the CoC
for free standing casks), the ISFSI pad must be sufficiently rigid to hold the anchor studs and
maintain the integrity of the fastening mechanism embedded in the pad during the postulated seismic
event. The ISFSI pad must be designed to minimize a physical uplift during extreme environmental
event (viz., tornado missile, DBE, etc.). The requirements on the ISFSI pad to render the cask
anchoring function under. long-term storage are provided in Section 2.0.4.

2.2.3.3 Fire

The possibility of a fire accident near an ISFSI site is considered to be extremely remote due to the
absence of significant combustible materials. The only credible concern is related to a transport
vehicle fuel tank fire engulfing the loaded HI-STORM 100 overpack or HI-TRAC transfer cask
while it is being moved to the ISFSI.

The HI-STORM 100 System must withstand temperatures due to a fire event. The HI-STORM
overpack and HI-TRAC transfer cask fire accidents for storage are conservatively postulated to be
the result of the spillage and ignition of 50 gallons of combustible transporter fuel. The HI-STORM
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overpack and HI-TRAC transfer cask surfaces are considered to receive an incident radiation and
forced convection heat flux from the fire. Table 2.2.8 provides the fire durations for the HI-STORM
overpack and HI-TRAC transfer cask based on the amount of flammable materials assumed. The
temperature of fire is assumed to be 14750 F in accordance with IOCFR71.73.

The accident condition design temperatures for the HI-STORM 100 System, and the fuel rod
cladding limits are specified in Table 2.2.3. The specified fuel cladding temperature limits are based
on the temperature limits specified in ISG-1 1, Rev. 3 [2.0.9].

2.2.3.4 Partial Blockage of MPC Basket Vent Holes

The HI-STORM 100 System is designed to withstand reduction of flow area due to partial blockage
of the MPC basket vent holes. As the MPC basket vent holes are internal to the confinement barrier,
the only events that could partially block the vents are fuel cladding failure and debris associated
with this failure, or the collection of crud at the. base of the stored SNF assembly. The HI-STORM
100 System maintains the SNF in an inert environment with fuel rod cladding temperatures below
accepted values (Table 2.2.3). Therefore, there is no credible mechanism for gross fuel cladding
degradation during storage in the HI-STORM 100. For the storage of damaged BWR fuel assemblies
or fuel debris, the assemblies and fuel debris will be placed in damaged fuel containers prior to
placement in the MPC. The damaged fuel container is equipped with mesh screens which ensure that
the damaged fuel and fuel debris will not escape to block the MPC basket vent holes. In addition,
each MPC will be loaded once for long-term storage and, therefore, buildup of crud in the MPC due
to numerous loadings is precluded. Using crud quantities reported in an Empire State Electric Energy
Research Corporation Report [2.2.6], a layer of crud of conservative depth is assumed to partially
block the MPC basket vent holes. The crud depths for the different MPCs are listed in Table 2.2.8.

2.2.3.5 Tornado

The HI-STORM 100 System must withstand pressures, wind loads, and missiles generated by a4
tornado. The prescribed design basis tornado and wind loads for the HI-STORM 100 System are
consistent with NRC Regulatory Guide 1.76. [2.2.7],*ANSI 57.9 [2.2.8], and ASCE 7-88 [2.2.2].
Table2.2.4 provides the wind speeds andpressure drops which the-HI-STORM 100 overpack must
withstand while maintaining kinematic stability. Thepressure drop is bounded by the accident
condition MPC external design pressure.

The kinematic stability of the HI-STORM overpack, and continued integrity of the MPC
confinement boundary, while within the storage overpack or HI-TRAC transfer cask, must be
demonstrated under impact fromtornado-generated missiles in conjunction with the wind loadings.
Standard Review Plan (SRP) 3.5.1.4 of NUREG-0800 [2.2.9] stipulates that the postulated missiles
include at least three objects: a massive high kinetic energy missile that deforms on impact (large
missile); a rigid missile to test penetration resistance (penetrant missile); and a small rigid missile of
a size sufficient to pass through any openings in the protective barriers (micro-missile). SRP 3.5.1.4
suggests an automobile for a large missile, a rigid solid steel cylinder for the penetrant missile, and a
solid sphere for the small rigid missile, all impacting at 35% of the maximum horizontal wind speed
of the design basis tornado. Table 2.2.5 provides the missile data used in the analysis, which is based
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on the above SRP guidelines. The effects of a large tornado missile are considered to bound the
effects of a light general aviation airplane crashing on an ISFSI facility.

• During horizontal handling of the loaded HI-TRAC transfer cask outside the Part 50 facility, tornado
missile protection shall be provided to prevent tornado missiles from impacting either end of the HI-
TRAC. The tornado missile protection shall be designed such that the large tornado missile cannot
impact the bottom or top of the loaded HI-TRAC, while in the horizontal position. Also, the missile
protection for the top of the HI-TRAC shall be designed to preclude the penetrant missile and micro-
missile from passing through the penetration in the HI-TRAC top lid, while in the horizontal
position. With the tornado missile protection in place, theimpacting of a large tornado missile on
either end of the loaded HI-TRAC or the penetrant missile or micro-missile entering the penetration
of the top lid is not credible. Therefore, no analyses of these impacts are provided.

2.2.3.6 Flood

The HI-STORM 100 System must withstand pressure and water forces associated with a flood.
Resultant loads on the HI-STORM 100 System consist of buoyancy effects, static pressure loads,
and velocity pressure due to water velocity. The flood is assumed to deeply submerge the. HI-
STORM 100 System (see Table 2.2.8).. The flood waterdepth is based on the hydrostatic pressure
which is bounded by the MPC external pressure stated in Table 2.2.1.

It must be shown that the MPC does not collapse, buckle, or allow water in-leakage under the
hydrostatic pressure from the flood.

The flood water is assumed to be nonstagnant. The maximum allowable flood water velocity is
determined by calculating the equivalent pressure, loading required to slide. or tip over the HI-
STORM 100 System. The design basis flood water velocity is stated in Table 2.2.8. Site-specific
safety reviews by the licensee must confirm that flood parameters do not exceed the flood depth,
slide, or tip-over forces.

If the flood water depth exceeds the elevation of the top of the HI-STORM overpack inlet vents, then
the cooling air flow would be blocked. The flood water may. also carry debris which may act to block
the air inlets of the overpack. Blockage of the air inlets is addressed in Subsection 2..2.3.13.

Most reactor sites are hydrologicallycharacterized as required by Paragraph 100. 10(c) of I OCFR 100
and further articulated in Reg. Guide 1.59, "Design Basis Floods for Nuclear Power Plants" and Reg.
Guide 1.102, "Flood Protection for Nuclear Power Plants." It is assumed that a complete
characterization of the ISFSI's hydrosphere including the effects of hurricanes, floods, seiches and
tsunamis is available to enable a site-specific evaluation of the HI-STORM 100 System for
kinematic stability. An evaluation for tsunamist for certain coastal sites should also be performed to
demonstrate that sliding or tip-over will not occur and that the maximum flood depth will not be
exceeded.

f A tsunami is an ocean wave from seismic or volcanic activity or from submarine landslides. A tsunami may be
the result of nearby or distant events. A tsunami loading may exist in combination with wave splash and spray,
storm surge and tides.
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Analysis for each site for such transient hydrological loadings must be made for that site. It is
expected that the plant licensee will perform this evaluation under the provisions of 1OCFR72.212.

2.2.3.7 Seismic Design Loadings

The HI-STORM 100 System must withstand loads arising due to a seismic event and must be shown
not to tip over during a seismic event. Subsection 3.4.7 contains calculations based on conservative
static."incipient tipping" calculations which demonstrate static stability. The calculations in Section
3.4.7 result in the values reported in Table 2.2.8, which provide the maximum horizontal zero period
acceleration (ZPA) versus vertical acceleration multiplier above which static incipient tipping would
occur. This conservatively assumes the peak acceleration values of each of the two horizontal
earthquake components and the vertical component occur simultaneously. The maximum horizontal
ZPA provided in Table 2.2.8 is the vector sum of two horizontal earthquakes.

For anchored casks, the limit on zero period accelerations is set by the structural capacity of the
sector lugs and anchoring studs. Table 2.2.8 provides the limits for HI-STORM 100A for the
maximum vector sum of two horizontal earthquake peak ZPA's along with the coincident limit on
the vertical ZPA.

2.2.3.8 100% Fuel Rod Rupture

The HI-STORM 100 System must withstand loads due to 100% fuel rod rupture. For conservatism,
100 percent of the fuel.rods are assumed to rupture with 100 percent of the fill gas and 30% of the
significant radioactive gases (e.g., H3, Kr, and Xe) released in accordance with NUREG- 1536. All
of the fill gas contained in non-fuel hardware, such as Burnable Poison Rod Assemblies (BPRAs) is
also assumed to be released in analyzing this event.

2.2.3.9 Confinement Boundary Leakage

No credible scenario has been identified thatwould cause failure of the confinement system. Section
7.1 provides a discussion as to why leakage of any magnitude from the MPC is not credible, based
on the materials and methods of fabrication and inspection.

2.2.3.10 Explosion

The HI-STORM 100 System must withstand loads due to an explosion. The accident condition MPC
external pressure and overpack pressure differential specified in Table 2.2.1 bounds all credible
external explosion events. There are no credible internal explosive events since all materials are
compatible with the various operating environments, as discussed in Section 3.4.1, or appropriate
preventive measures are taken to preclude internal explosive events (see Section 1.2.1.3.1.1). The
MPC is composed of stainless steel, neutron absorber material, and prior to CoC Amendment 2,
possibly optional aluminum alloy 1100 heat conduction elements. For these materials, and
considering the protective measures taken during loading and unloading operations there is no
credible internal explosive event.
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2.2.3.11 Lightning

The HI-STORM 100 System must withstand loads due to lightning. The effect of lightning on the
HI-STORM 100.System is evaluated in Chapter 11.

2.2.3.12 Burial Under Debris

The HI-STORM 100 System must withstand burial under debris. Such debris may result from
floods, wind storms, or mud slides. Mud slides, blowing debris from a tornado, or debris in flood
water may result in duct blockage, which is addressed in Subsection 2.2.3.13. The thermal effects of
burial under debris on the HI-STORM 100 System is evaluated in Chapter 11. Siting of the ISFSI
pad shall ensure that the storage location is not located near shifting soil. Burial under debris is a
highly unlikely accident, but is analyzed in this FSAR.

2.2.3.13 100% Blockage of Air Inlets

For conservatism, this accident is defined as a complete blockage of all four bottom air inlets. Such a
blockage may be postulated to occur during accident events such as a flood or tornado with blowing
debris. The HI-STORM 100 System must withstand the temperature rise as a result of 100%
blockage of the air inlets and outlets. The fuel cladding temperature must be shown to remain below
the off-normal/accident temperature limit specified in Table 2.2.3.

2.2.3.14 Extreme Environmental Temperature

The HI-STORM 100 System must withstand extreme environmental temperatures. The extreme
accident level temperature is specified in Table 2.2.2. The extreme accidentflevel temperature occurs
with steady-state insolation. This temperature is assumed to persist for a duration sufficient to allow
the system to reach steady-state temperatures. The HI-STORM overpack and MPC have a large*
thermal inertia. Therefore, this temperature is assumed to persist over three days (3-day average).

2.2.3.15 Bounding Hydraulic, Wind, and Missile Loads for HI-STORM IOOA

In the anchored configuration, the HI-STORM 1 OOA System is clearly capable of withstanding much
greater lateral loads than a. free-standing overpack. Coastal sites in many areas of the world,
particularly the land mass around the Pacific Ocean, may be subject to severe fluid inertial loads.
Several publications [2.2.10, 2.2.11] explain and quantify the nature and source of such
environmental hazards.

It is recognized that a lateral fluid load may also be accompanied by an impact force from a fluid
borne missile (debris). Rather than setting specific limits for these loads on an individual basis, a
limit on the static overturning base moment on the anchorage is set. This bounding overturning
moment is given in Table 2.2.8 and is set at a level that ensures that structural safety margins on the
sector lugs and on the anchor studs are essentially equal to the structural safety margins of the same
components under the combined effect of the net horizontal and vertical seismic load limits in Table
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2.2.8.The ISFSI owner bears the responsibility to establish that the lateral hydraulic, wind, and
missile loads at his ISFSI site do not yield net overturning moments, when acting separately or
together, that exceed the limit value in Table 2.2.8. If loadings are increased above those values for
free-standing casks, their potential effect on the other portions of the cask system must be
considered.

2.2.4 Applicability of Governing Documents

The ASME Boiler and Pressure Vessel Code (ASME Code), 1995 Edition, with Addenda through
1997 [2.2.1], is the governing code for the structural design of the MPC, the metal structure of the
HI-STORM 100 overpack, and the HI-TRAC transfer cask, except for Sections V and IX. The latest
effective editions of ASME Section V and IX may be used, provided a written reconciliation of the
later edition against the 1995 Edition, including addenda, is performed by the certificate holder. The
MPC enclosure vessel and fuel basket are designed in accordance with Section III, Subsections NB
Class I and NG Class 1, respectively. The metal structure of the overpack and the HI-TRAC transfer
cask are designed in accordance with Section III, Subsection NF Class 3. The ASME Code is applied
to each component consistent with the function of the component.

ACI 349 is the governing code for the plain concrete in the HI-STORM 100 overpack. ACI 318-95
is the applicable code utilized to determine the allowable compressive strength of the plain concrete
credited during structural analysis. Appendix 1.D provides the sections of ACI 349 and ACI 318-95
applicable to the plain concrete.

Table 2.2.6 provides a summary of each structure, system and component (SSC) of the HI-STORM
100 System that is identified as important to safety, along with its function and governing Code.
Some components perform multiple functions and in those cases, the most restrictive Code is
applied. In accordance with NUREG/CR-6407, "Classification of Transportation Packaging and Dry
Spent Fuel Storage System Components.", and according to importance to safety' components of the
HI-STORM 100 System are classified as A, B, C, or NITS (not important to safety) in Table 2.2.6.
Section 13.1 provides the criteria used to classify each item. The classification of necessary auxiliary
equipment is provided in Table 8.1.6.

Table 2.2.7 lists the applicable governing Code for material procurement, design, fabrication and
inspection of the components of the HI-STORM 100 System. The ASME Code section listed in the
design column is the section used to define allowable stresses for structural analyses.

Table 2.2.15 lists the. alternatives to the ASME Code for the HI-STORM 100 System and the
justification for those alternatives.

The MPC enclosure vessel and certain fuel basket designs utilized in the HI-STORM 100 System are
identical to the MPC components described in the SARs for the HI-STAR 100 System for storage
(Docket 72-1008) and transport (Docket 71-9261). To avoid unnecessary repetition of the large
numbers of stress analyses, this document refers to those SARs, as applicable, if the MPC loadings
for storage in the HI-STORM 100 System do not exceed those computed in the HI-STAR
documents. Many of the loadings in the HI-STAR applications envelope the HI-STORM loadings on

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR * Rev. 6
REPORT HI-2002444 2.2-14

HI-STORM 100 FSAR Revision 6; February 7, 2008



the MPC, and, therefore, a complete re-analysis of the MPC is not provided in the FSAR. Certain
individual MPC analyses may have been required to license a particular MPC fuel basket design for
HI-STORM that was not previously licensed for HI-STAR. These unique analyses are summarized
in the appropriate location in this FSAR.

Table 2.2.16 provides a summary comparison between the loading elements. Table 2.2.16 shows that
most of the loadings remain unchanged and several are less than the HI-STAR loading conditions. In
addition to the magnitude of the loadings experienced by the MPC, the application of the loading
must also be considered. Therefore, it is evident from Table 2.2.16 that the MPC stress limits can be
ascertained to be qualified a priori if the HI-STAR analyses and the thermal loadings under HI-
STORM storage are not more severe compared to previously analyzed HI-STAR conditions. In the
analysis of each of the normal, off-normal, and accident conditions, the effect on the MPC is
evaluated and compared to the corresponding condition analyzed in the HI-STAR 100 System SARs
[2.2.4 and 2.2.5]. If the HI-STORM loading is greater than the HI-STAR loading or the loading is
applied differently, the analysis of its effect on the MPC is evaluated in Chapter 3.

2.2.5 Service Limits

In the ASME Code, plant and system operating conditions are commonly referred to as normal,
upset, emergency, and faulted. Consistent with the terminology in NRC documents, this FSAR
utilizes the terms normal, off-normal, andaccident conditions.

The ASME Code defines four service conditions in addition to the Design Limits for nuclear
components. They are referred to as Level A, Level B, Level C, and Level D service limits,
respectively. Their definitions are provided in Paragraph NCA-2142.4 of the ASME Code. The four
levels are used in this FSAR as follows:

a. Level A Service Limits: Level A Service Limits are used to establish allowables for
normal condition load combinations.

b. Level B Service Limits: Level B Service Limits are used to establish allowables for

off-normal condition load combinations.

c. Level C Service Limits: Level C Service Limits, are not used.

d. Level D Service Limits: Level D Service Limits are used to establish allowables for
accident condition load combinations.

The ASME Code service limits are used in the structural analyses for definition of allowable stresses
and allowable stress intensities. Allowable stresses and stress intensities for structural analyses are
tabulated in Chapter 3. These service limits are matched with normal, off-normal, and accident
condition loads combinations in the following subsections.

The MPC confinement boundary is required to meet Section III, Class 1, Subsection NB stress
intensity limits. Table 2.2.10 lists the stress intensity limits for the Levels A, B, C, and D service
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limits for Class 1 structures extracted from the ASME Code (1995 Edition). The limits for the MPC
fuel basket, required to meet the stress intensity limits of Subsection NG of the ASME Code, are
listed in Table 2.2.11. Table 2.2.12 lists allowable stress limits for the steel structure of the HI-
STORM overpack and HI-TRAC which are analyzed to meet the stress limits of Subsection NF,
Class 3. Only service levels A, B, and D requirements, normal, off-normal, and accident conditions,
are applicable.

2.2.6 Loads

Subsections 2.2.1, 2.2.2, and 2.2.3 describe the design criteria for normal, off-normal, and accident
conditions, respectively. Table 2.2.13 identifies the notation for the individual loads that require
consideration. The individual loads listed in Table 2.2.13 are defined from the design criteria. Each
load is assigned a symbol for subsequent use in the load combinations.

The loadings listed in Table 2.2.13. fall into two broad categories; namely, (i) those that primarily
affect kinematic stability, and (ii) those that produce significant stresses. The loadings in the former
category are principally applicable to the overpack. Tornado wind (W'), earthquake (E), and
tornado-borne missile (M) are essentially loadings which can destabilize a cask. Analyses reported in
Chapter 3 show that the HI-STORM 100 overpack structure will remain kinematically stable under
these loadings. Additionally, for the missile impact case (M), analyses. that demonstrate that the
overpack structure remains unbreached by the postulated missiles are provided in Chapter 3.

Loadings in the second category produce global stresses that must be shown to comply with the
stress intensity or stress limits, as applicable. The releyant loading combinations for the fuel basket,
the MPC, the HI-TRAC and the HI-STORM overpack are different because of differences in their
function. For example, the fuel, basket does not experience a pressure loading because it is not apressure vessel. The specific load combination for each component is specified in Subsection 2.2.7.

2.2.7 Load Combinations

To demonstrate compliance with the design requirements for normal, off-normal, and accident
conditions of' storage, the individual loads, identified in Table 2.2.13, are combined into load
combinations. 'In the formation of the' load combinations, it is recognized that the number of
combinations requiring detailed analyses is reduced by defining bounding loads. Analyses~performed
using bounding loads serve to satisfy the requirements for analysis of a multitude of separately
identified loads in combination.

For example, the values established for internal and external pressures (Pi and Po) are defined such
that they bound other surface-intensive loads, namely snow (S), tornado wind (W'), flood (F), and
explosion (E*). Thus, evaluation of pressure in a load combination established for a given storage
condition enables many individual load effects to be included in a single load combination.

Table 2.2.14 identifies the combinations of the loads that are required to be considered in order to
•ensure compliance with the design criteria set forth in this chapter. Table 2.2.14 presents the load
combinations in terms of the loads that must be considered together. A number of load combinations
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are established for each ASME Service Level. Within each loading case, there may be more than one
analysis that is required to demonstrate compliance. Since the breakdown into specific analyses is
most applicable to the structural evaluation, the identification of individual analyses with the
applicable loads for each load combination is found in Chapter 3. Table 3.1.3 through 3.1.5 define
the particular evaluations of loadings that demonstrate compliance with the load combinations of
Table 2.2.14.

For structural analysis purposes, Table 2.2.14 serves as an intermediate classification table between
the definition of the loads (Table 2.2.13 and Section 2.2) and the detailed analysis combinations
(Tables 3.1.3 through 3.1.5).

Finally, it should be noted that the load combinations identified in NUREG-1536 are considered as
applicable to the HI-STORM 100 System. The majority of load combinations in NUREG-1536 are
directed toward reinforced, concrete structures. Those load combinations applicable to steel
structures are directed toward frame structures. As stated in NUREG-1536, Page 3-35 of Table 3-1,
"Table 3-1 does not apply to the analysis of confinement casks and other components designed in
accordance with Section III of the ASME B&PV Code." Since the HI-STORM 100 System is. a
metal shell structure, with concrete primarily employed as shielding, the load .combinations of
NUREG-1536 are interpreted within the confines and intent of the ASME Code.

2.2.8 Allowable Stresses

The stress intensity limits for the MPC confinement boundary for the design condition and the
service conditions are provided in Table 2.2.10. The MPC confinement boundary stress intensity
limits are obtained from ASME Code, Section III, Subsection NB. The stress intensity limits for the
MPC fuel basket are presented in Table 2.2,1.1 (governed by Subsection NG of Section III). The steel
structure of the overpack and the HI-TRAC meet the stress limits of Subsection NF of ASME Code,
Section III for plate and shell components. Limits for the Level D condition are obtained from
Appendix Fof ASME Code, Section III for the steel structure of the overpack. The ASME Code is
not applicable to the HI-TRAC transfer cask for accident conditions, service level D conditions. The
HI-TRAC transfer cask has -been shownby analysis to not deform sufficiently to apply a load to the
MPC, have any shell rupture, or have thetop lid; pool lid, or transfer lid (as.applicable) detach.

The following definitions of terms apply to the tables on stress intensity limits; these definitions are
the same as those used throughout the ASME Code:

Smn: Value of Design Stress Intensity listed in ASME Code Section II, Part D, Tables 2A,.

2B and 4

Sy: Minimum yield strength at temperature

SU: Minimum ultimate strength at temperature
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Table 2.2.1

DESIGN PRESSURES

Pressure Location Condition Pressure (psig)

MPC Internal Pressure Normal 100

Off-Normal 110

Accident 200

MPG External Pressure Normal (0) Ambient

Off-Normal (0) Ambient

Accident 60

Overpack External Pressure Normal (0) Ambient

Off-Normal (0) Ambient

10 (differential pressure for
I second maximum)*

Accident or
.5 (differential pressure
steady-state)

HI-TRAC Water Jacket Normal 60

Off-normal 60

N/A
(Under accident
conditions, the water jacket

A dis assumed to have lost all
water thru the pressure
relief valves)

* The overpack is also qualified to sustain without tip-over a lateral impulse load of 60 psi (differential pressure for
85 milliseconds maximum) [3.4.5].
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Table 2.2.2

ENVIRONMENTAL TEMPERATURES

Condition Temperature 0F) [ Comments
HI-STORM 100 Overpack

Normal Ambient
(Bounding Annual. 80
Average)

Normal Soil Temperature
(Bounding Annual 77
Average)

Off-Normal Ambient -40'F with no insolation
(3-Day Average) -40 and 100

100°F with insolation

Extreme Accident Level 125'F with insolation starting at
Ambient (3-Day Average) 125 steady-state off-normal high

environment temperature

HI-TRAC Transfer Cask

Normal (Bounding Annual 100
Average)

Off-Normal 0' F with no insolation
(3-Day Average) 0 and 100

1000 F with insolation

Note:

1. Handling operations with the loaded HI-STORM overpack and HI-TRAC transfer cask are
limited to working area ambient temperatures greater than or equal to O°F as specified: in
Subsection 2.2.1.2.
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Table 2.2.3

DESIGN TEMPERATURES

Off-Normal and
Long Term, Normal OfNra n

L niong Term, n Norm Accident Condition
Condition Design Temperature Limits

rI-STORM 100 Component Temperature Limits

(Long-Term Events) (Short-Term
(L r E s Events)t
~C F)

MPC shell 500 775
MPC basket 725 950
MPC Neutron Absorber 800 950
MPC lid •550 775
MPC closure ring 400 775
MPC baseplate 400 775
MPC Heat Conduction Elements 725 950
HI-TRAC inner shell 400 600
HI-TRAC pool lid/transfer lid 350 700
HI-TRAC top lid 400 700
HI-TRAC top flange 400 700
HI-TRAC pool lid seals 350 N/A
HI-TRAC bottom lid bolts 350 700
HI-TRAC bottom flange •350 700
HI-TRAC top lid neutron shielding 300 350
HI-TRAC radial neutron shield 307 N/A
HI-TRAC radial lead gamma shield 350 600
Remainder of HI-TRAC 350 700

752 or 1058
(Short Term

Operations)"t
Fuel Cladding 752

1058
(Off-normal and

• _ _ _ _ Accident Conditions)
Overpack outer shell 350 600
Overpack concrete 300 350
Overpack inner shell 350 400
Overpack Lid Top and Bottom Plate 450 550

t For accident conditions that involve heating of the steel structures and no mechanical loading (such as the blocked
air duct accident), the permissible metal temperature of the steel parts is defined by Table 1A of ASME Section II
(Part D) for Section II1, Class 3 materials as 700 0 F. For the ISFSI fire event, the maximum temperature limit for
ASME Section 1 equipment is appropriate (850°F in Code Table IA).

tt Normal short term operations includes MPC drying and onsite transport per Reference [2.0.8]. The 1058'F
temperature limit applies to MPCs containing all moderate burnup fuel as discussed in Reference [2.0.9]. The limit
for MPCs containing one or more high burnup fuel assemblies is 752'F. See also Section 4.3.
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Table 2.2.3 (continued)

DESIGN TEMPERATURES

Off-Normal and
Long Term, Normal ofNra n

L niong T erm, n Nora Accident Condition
Condition Design

HI-STORM 100 Component Temperature Limits Temperature Limits

(Long-Term Events) (Short-Term
(o-e EEvents)t
__F) (o F)

Remainder of overpack steel 350 400
structure
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Table 2.2.4

TORNADO CHARACTERISTICS

Condition Value

Rotational wind speed (mph) 290

Translational speed (mph) 70

Maximum wind speed (mph) 360

Pressure drop (psi) 3.0

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

Rev. 6
2.2-22

HI-STORM 100 FSAR Revision 6; February 7, 2008



Table 2.2.5

TORNADO-GENERATED MISSILES

Missile Description Mass (kg) Velocity (mph)

Automobile 1800 126

Rigid solid steel cylinder 125 126
(8 in. diameter)

Solid sphere 0.22 126
(1 in. diameter)
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
"MPC (1,2)

(3) Safety Special Surface' Contact.Mati.Primry unctonaompoentCodes/Standards
Primary Function Component Class (4) (as applicable to Material Strength ( ksi) Finish/Coating if dissimilar)

component) FiihCaig (i _ismlr

Confinement Shell A ASME Section 111; Alloy X (5) See Appendix I.A NA NA
Subsection NB

Confinement Baseplate A ASME Section III; Alloy X See Appendix LA NA NA
Subsection NB

Confinement Lid (One-piece design and A ASME Section III; Alloy X See Appendix L.A NA NA
top portion of optional two- Subsection NB
piece design)

Confinement Closure Ring A ASME Section III; Alloy X See Appendix L.A NA NA
Subsection NB

Confinement Port Cover Plates A ASME Section III; Alloy X See Appendix L.A NA NA
•___ Subsection NB _

Criticality Control Basket Cell Plates A ASME Section I1; Alloy X See Appendix L.A NA NA
Subsection NG
core support
structures (NG-

• 1121)

Criticality Control Neutron Absorber A Non-code NA NA NA Aluminum/SS

Shielding Drain and Vent Shield C *Non-code Alloy X See Appendix L.A NA NA
Block

Shielding Plugs for Drilled Holes NITS Non-code SA 193B8 See Appendix L.A NA NA
(or

equivalent)

Notes: 1) There are no known residuals on finished, component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section III.

3) Component nomenclature taken from Bill of Materials in Chapter 1.
4) A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.

5) For details on Alloy X material, see Appendix 1.A.
6) Must be Type 304, 304LN, 316, or 316 LN with tensile strength > 75 ksi, yield strength > 30 ksi andchemical properties per ASTM A554.
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TABLE 2.2.6

MATERIALSAND COMPONENTS OF THE HI-STORM 100 SYSTEM
MPC(

1',2)

Codes/Standards
Primary Function Component (3) Safety Special Surface Contact Matl.

Class (4) (as applicable to Material Strength (ksi) Speial Sufc Contac a
component) Finish/Coating (if dissimilar)

Shielding Bottom portion of See Appendix
optional two-piece MPC B. Non-code Alloy X NA NA
lid design A.y .A"

Structural Integrity Upper Fuel Spacer Column B ASME Section III; Alloy X See Appendix 1.A NA. NA

Subsection NG
(only for stress

___ analysis)

Structural Integrity Sheathing A Non-code Alloy X See Appendix L.A Aluminum/SS NA

Structural Integrity Shims NITS Non-code Alloy X See Appendix 1.A NA NA
(shims, welded

directly to angle or
parallel plate

basket supports, are
ASME Section HI)

Structural Integrity Basket Supports (Angled A ASME Section III; Alloy X See Appendix L.A NA NA

Plate or Parallel Plates with Subsection NG
connecting end shim) internal structures

_(NG-1 122)

Structural Form Basket Supports (Flat NITS Non-Code Alloy X See Appendix L.A NA NA

Plates)
Structural Integrity Lift Lug C I NUREG-0612 Alloy X See Appendix 1.A NA NA

Structural Integrity Lift Lug Baseplate C Non-code Alloy X See Appendix L.A NA NA

Notes: 1) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and

the applicable Subsection of ASME Section III._
3) Component nomenclature taken from Bill of Materials in Chapter 1.
4) A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.

5) For details on Alloy X material, see Appendix 1.A.
6) Must be Type 304, 304LN, 316, or 316 LN with tensile strength > 75 ksi, yield strength > 30 ksi and chemical properties per ASTM A554.
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
MPC (1.2)

Pia Faftio CodCes/Standards Special Surface Contact Matd.
Primary Function Component( 1 4) (as applicable to Material Strength (ksi) Finish/Coating (if dissimilar)

component)
Structural Integrity Upper Fuel Spacer Bolt NITS Non-code A193-B8 Per ASME Section NA NA

(or equiv.) II
Structural Integrity Upper Fuel Spacer End B Non-code Alloy X See Appendix 1.A NA NA

Plate
Structural Integrity Lower Fuel Spacer. Column B ASME Section III; Stainless See Appendix 1.A NA NA

Subsection NG Steel. See
(only for stress Note 6
_analysis)

Structural Integrity Lower Fuel Spacer End B Non-code Alloy X See Appendix 1.A NA NA
Plate _

Structural Integrity Vent Shield Block Spacer C Non-code Alloy X See Appendix 1.A NA NA

Operations Vent and Drain Tube C Non-code S/S Per ASME Section Thread area NA
II surface hardened

Operations Vent & Drain Cap C Non-code S/S Per ASME Section NA- NA
~II

Operations Vent & Drain Cap Seal NITS Non-code Aluminum NA NA Aluminum/SS
Washer _

Operations Vent & Drain Cap Seal NITS Non-code Aluminum NA NA NA
Washer Bolt ....

Operations Reducer NITS Non-code• Alloy X See Appendix 1.A NA NA

Operations Drain Line NITS Non-code Alloy X See Appendix 1.A NA NA

Notes: 1) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section III.

3) Component nomenclature taken from Bill of Materials in Chapter 1.
4) A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.
5) For details on Alloy X material, see Appendix 1.A.
6) Must be Type 304, 304LN, 316, or 316 LN with tensile strength > 75 ksi, yield strength > 30 ksi and chemical properties per ASTM A554.
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
MPC (1,2)

(3) Safety Codes/StandardsSpecial Surface Contact Mat.
Primary Function Component Class (4) (as applicable to Material Strength (ksi) Finiat (if dsilar)Clas (4) Comonen) •Finish/Coating (if dissimilar)

________ component) ________

Operations Damaged Fuel Container C ASME Section III; S/S See Appendix LIA NA NA
Subsection NG (Primarily

• 304 S/S) 7 -_NA
Operations Drain Line Guide Tube NITS Non-code S/S NA NA NA

Notes: 1)
2)

3)

4)
5)
6)

There are no known residuals on finished component surfaces
All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds
shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section Il.
Component nomenclature taken from Bill of Materials in Chapter 1.
A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.
For details on Alloy X material, see Appendix l.A.
Must be Type 304, 304LN, 316, or 316 LN with tensile strength > 75 ksi, yield strength > 30 ksi and chemical properties per ASTM A554.
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
OVERPACK'. 2 •

Codes/Standards S i
Primary Function Component (3) as applicable to Material Strength ksi)Mat.

Class component) Finish/Coating (if dissimilar)

Shielding Radial Shield B ACI 349, App. 1.D Concrete SeeTable 1.D.1 NA NA

Shielding Shield Block Ring (100) B See Note 6 SA516-70 See Table 3.3.2 See Note 5 NA

Shielding Lid Shield Ring (100S and B ASME Section II; SA516-70 See Table 3.3.2 See Note 5 NA

100S Version B) and Subsection NF or
Shield Block Shell (IOOS) SA515-70

(SA515-70
not
permitted
for 100S
Version B)

Shielding Shield Block Shell (100) B See Note 6 SA516-70 See Table 3.3.2 See Note 5 NA
or
SA515-70 _

Shielding Pedestal Shield B ACI 349, App. I-D Concrete See Table 1.D. I NA NA

Shielding Lid Shield B ACI 349, App. I-D Concrete See Table 1.D,1 NA NA

Shielding Shield Shell (eliminated B See Note 6 SA516-70 See Table 3.3.2 NA NA

from design 6/0 1)
Shielding Shield Block B ACI 349, App. 1-D Concrete See Table 1.D.1 NA NA

Shielding Gamma Shield Cross C Non-code SA240-304 NA NA NA

Plates & Tabs _

Notes: 1) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with. the requirements of ASME Section IX. All welds

shall be made using welders qualified inaccordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section III.

3) Component nomenclature taken from Bills of Material and drawings in Chapter 1. All components are "as applicable" based in the overpack
drawing/BOM unless otherwise noted.

4) A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.

5) All exposed steel surfaces (except threaded holes) to be painted with Thermaline 450 or equivalent to the extent practical.

6) Welds will meet AWS D1.1 requirements for prequalified welds, except that welder qualification and weld procedures of ASME Code Section IX

may be substituted.
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TABLE 2.2.6

MATERIALS AND COMPONENTS.OF THE HI-STORM 100 SYSTEM
OVERPACK1 1' 2 )

(3) Safety des/Standards Special Surface Contact Mat).
Primary Function Component -a (4) as applicable to Material Strength (ksi)Class ( Finish/Coating (if dissimilar)

component). ______

Structural Integrity Baseplate B ASME Section 1II; SA516-70 . See Table 3.3.3. See Note 5 NA
_Subsection NF

Structural Integrity Outer Shell' B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
-____ .._ _ Subsection NF •_.

Structural Integrity Inner Shell B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF

Concrete Form Pedestal Shell B See Note 6 SA516-70. See Table 3.3.2 See Note 5 NA
Concrete Form Pedestal Plate (100) B See Note 6 SA516-70 See Table 3.3.2 See Table 3.3.2 NA

Pedestal Baseplate (100S) or
•__ _-. _ SA515-70

Structural Integrity Lid Bottom Plate B ASME Section I1l; SA516-70 See Table 3.3.2. See Note 5 NA
Subsection NF

Structural Integrity Lid Shell B ASME Section III; SA516-70 See Table 3.3.2 . See Note 5 NA
Subsection NF

Structural Integrity Inlet Vent Vertical & B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
Horizontal Plates . Subsection NF

Thermal Exit Vent Horizontal Plate B See Note 6 SA516-70 See Table 3.3.2 See Note 5 NA
(100)

Thermal Exit Vent Vertical/Side B See Note 6 SA516-70 See Table 3.3.2 " See Note 5 NA
Plate or

__"S _ SA515-70

Notes: 1) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section III.

3) Component nomenclature taken from Bills of Material and drawings in Chapter 1. All components are ."as applicable" based in the overpack
drawing/BOM unless otherwise noted.

4) A, B, and C denote i mportant to safety classifications as described in the Holtec QA Program. NITS stands for Not. Important to Safety.
5) All exposed steel surfaces (except threaded holes) to be painted with Thermaline 450 or equivalent to the extent practical.
6) Welds will meet AWSDI .1 requirements for prequalified welds, except that welder qualification and weld procedures of ASME Code Section IX

may be substituted.
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
OVERPACK (1,2)

Primary Function Component (3j Safety ' Codes/StandardsPrmay uctonCmpnet 3 Sfey (as applicable to Material. Strength ( ksi Special Surface contact Mati.
Class (4) as a b component) M_ .n . . Finish/Coating (if dissimilar)

Thermal Heat Shield B N/A C/S N/A See Note 5 N/A

Thermal Heat Shield Ring B N/A C/S N/A See Note 5 N/A

Structural Integrity Top Plate, including shear B ASME Section HI; SA516-70 See Table 3.3.2 See Note 5 NA
ring Subsection NF

Structural Integrity Lid Top (Cover) Plate, B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
including shear ring (100 Subsection NF
and l00S) _________"

Structural Integrity Radial Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF •_ _

Structural Integrity Lid Stud & Nut B ASME Section II SA564-630 See Table 3.3.4 Threads to have NA
or cadmium coating
SA 193-B7 .(or similar
(stud) lubricant for
SA 194-2H corrosion

_ _ _(nut) protection)
Structural Integrity 100S Lid Washer B Non-Code SA240-304 Per ASME NA NA

•__ " "Section II
Structural Integrity Bolt Anchor Block B ASME Section III; SA350-LF3, See Table 3.3.3 See Note 5 NA

Subsection NF SA350-LF2,
ANSI N14.6 or SA203E

Notes: I) There are no known residuals on finished component surfaces
2) All welding processes used in.welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASMIE Section III.

3) Component nomenclature taken from Bills of Material and drawings.in Chapter 1. All components are "as applicable" based in the overpack
drawing/BOM unless otherwise noted.

4) A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.
5) All exposed steel surfaces (except threaded holes).to be painted with Thermaline 450 or equivalent to the extent practical.
6) Welds will meet AWS D13.1 requirements for prequalified Welds, except that welder qualification and weld procedures of ASME Code Section IX

may be substituted.
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
OVERPACK1,2)

Codes/Standards
Primary Function Component (3) Safety Special Surface Contact Matd.

ClassO) (as applicable to Material Strength (ksi) Finish/Coating (if dissimilar)component)

Structural Integrity Channel B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF (galvanized) or Table 3.3.1

or
SA240-304

Structural Integrity Channel Mounts 3B ASME Section III; A36 or Per ASME See Note 5 NA
Subsection NF equivalent Section II

Shielding Pedestal Platform B Non-Code A36 or NA See Note 5 NA
equivalent

Operations Storage Marking NITS, Non-code SA240-304 NA NA NA
Nameplate._'__._"___....

Operations Exit Vent Screen Sheet NITS Non-code SA240-304 NA NA NA
Operations Drain Pipe NITS Non-code C/S or S/S NA See Note 5 NA

Operations Exit & Inlet Screen Frame NITS, Non-code* SA240-304 NA NA NA
Operations Temperature Element & C Non-code NA NA NA

Associated Temperature NA
Monitoring Equipment

Operations Screen NITS Non-code Mesh Wire NA NA NA
Operations Paint NITS Non-code Thermaline NA NA

450 or NA
_ "_ equivalent

Notes: 1) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified inaccordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section III.

3) Component nomenclature taken from Bills of Material and drawings in Chapter 1. All components are "as applicable" based in the overpack
drawing/BOM unless otherwise noted.

4) A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.
5) All exposed steel surfaces (except threaded holes) to be painted with Thermaline 450 or equivalent to the extent practical.
6) Welds will meet AWS D1.1 requirements for prequalified welds, except that welder qualification and weld procedures of ASME Code Section IX

may be substituted.
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
OVERPACK (1,2)

" Codes/Standards
Safety. CdsSaarsSpecial Surface Contact Matl.

Primary Function Component (3) Class (4 (as applicable to Material Strength (ksi). Speial Sf Contac aCls (4 opnn). Finish/Coating ( if dissimilar).component) .;.

Structural Integrity 100S Version B Base B ASME III; Carbon.
Bottom Plate Subsection NF Steel See Table 3.3.6 See Note 5 NA

Structural Integrity 100S Version B Base B Non-code Carbon NA See Note 5 NA
Spacer Block "_."._•_Non-code Steel

Shielding 100S Version B Base B Non-code Carbon NA See Note 5 NA
Shield Block Steel

Structural Integrity 100S Version B Base Top B ASME 1I1; SA 516-70 See Table 3.3.2 See Note 5 NA
Plate Subsection NF

Structural Integrity 100S Version B Base MPC B N NA
Spot.Non-code SA36 NA See Note 5 NSupport .

Shielding IOOS Version B Lid Outer B ASME III; SA516-70 See Table 3.3.2
Ring Subsection NF or See Note 5 NA

_____________ 5A36 or Table 3.3.6." SA36

Operations 100S Version B Lid Vent NITS Non-code Carbon NA See Note 5 NA
Duct • _ ._ Steel

Structural Integrity IOOS Version B Lid Inner .B ASME III; Carbon See Table 3.3.6 See Note 5 NA
Ring Subsection NF Steel

Operations IOOS Version B Lid Stud NITS Non-code Carbon NA See Note 5 NA
Pipe Steel

Operations IOOS Version B Lid Stud NITS Non-code Carbon NA See Note 5 NA
Spacer • .. Steel _

Notes: 1) There are no known residuals on finished component surfaces
2) All welding processes used-in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section III.

3) Component nomenclature taken from Bills of Material and drawings in Chapter 1. All components are "as applicable" based in the overpack
drawing/BOM unless otherwise noted.

- 4) A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.
5) All exposed steel surfaces (except threaded holes) to be painted with Thermaline 450 or equivalent to the extent practical.

6) Welds will meet AWS D 1.1 requirements for prequalified welds, except that welder qualification and weld procedures of ASME Code Section IX
may be substituted..
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
OVERPACK "1,2)

Codes/Standards

Primary Function. Component (3) • Safety C Special Surface Contact Matd.
Class (4) ( as applicable to Material Strength (ksi) Finish/Coating if dissimilar)

component) Finish/Coating (_ifdissimilar)
Operations 100S Version B Lid Lift B ASME III; SA36 See Table 3.3.2 See Note 5 NA

Block - Subsection NF
Shielding IOOS Version B Lid Vent B Non-code Carbon Se See Note_5_NAShieldodeNA .See Note 5 NAShield .•Steel""

Operations 100S Version B Lid Stud C Non-code . Stainless NA See Note 5 NA
W asher .. "_____•._-_._._.__ Steel ......

Operations IOOS Version B Lid Stud NITS Non-code PVC NA See Note 5 NA
Cap

Structural Integrity IOOS Version B Radial B ASME 1II; SA 516-70 NA See Note 5 NA
Gusset Subsection NF

Structural Integrity IOOS Version B Lid B (bolt) ASME Section II SA 193-B7 See Table 3.3.4 Threads to have NA
Closure Bolt and Closure (bolt) (bolt) cadmium coating
Bolt Handle NITS (or similar

(bolt C/S (bolt NA (bolt handle) lubricant for
Handle) handle) corrosion

•_ protection)
Structural Integrity 100S Version B ASME Section Ill; SA516-70 See Table 3.3.2 See Note5 NA

Lid Top (Cover) Plate Subsection NF or SA36 or Table 3.3.6
Structural Integrity 100S Version B B ASME Section III; SA516-70 See Table 3.3.2

B 551670 ee abl 3..2 See Note 5 NAShear Ring Subsection NF

Notes: 1) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section III.

3) Component nomenclature taken from Bills of Material and drawings in Chapter 1. All components are "as applicable" based in the overpack
drawing/BOM unless otherwise noted.

4) A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.
5) All exposed steel surfaces (except threaded holes) to be painted with Thermaline 450 or equivalent to the extent practical.
6) Welds will meet AWS D1.1 requirements for prequalified welds, except that welder qualification and weld procedures of ASME Code Section IX

may be substituted.
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
HI-TRAC TRANSFER CASK (1,2)

Primary Function Component (3) Safety Codes/Standards Special Surface Contact Mati.
Class (4) (as applicable to Material Strength (ksi)
Class component) Finish/Coating (if dissimilar)

Shielding Radial Lead Shield. B Non-code Lead NA NA NA

Shielding Pool Lid Lead Shield B Non-code Lead NA NA NA

Shielding Top Lid Shielding B Non-code Holtite NA NA NA

Shielding Plugs for Lifting Holes NITS Non-code C/S or S/S NA NA
Structural Integrity Outer Shell B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Inner Shell B ASME Section 1II; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Radial Ribs B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

__ Subsection NF
Structural Integrity Water Jacket Enclosure B ASME Section I1; SA516-70 See Table 3.3.2 See Note 5 NA

Shell Panels (HI-TRAC Subsection NF
100 and 125) . . . .... . . . ..

Structural Integrity Water Jacket Enclosure B ASME Section III; SA516-70. See Table 3.3.2 See Note 5 NA
Shell Panels (1I-TRAC Subsection NY or
100D and 125D) "S.__"_" SA515-70

Structural Integrity Water Jacket End Plate B ASME SectionM1I1; SA51.6-70 See Table 3.3.2 See Note 5 NA
.__ "_ .Subsection NF "

Structural Integrity Top Flange B ASME Section II; SA350-LF3 See Table 3.3.3 See Note 5 NA
Subsection NF

Structural Integrity Lower Water Jacket Shell B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
•__ __ _Subsection NF _

Notes: 1 )
2)

3)
4)
5)

There are no known residuals on finished component surfaces
All welding processes used in welding the components shall be qualified in accordancewith the requirements of ASME Section IX. All welds
shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME.Section III.
Component nomenclature taken from Bill of Materials in Chapter 1.
A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.
All external surfaces to be painted with Carboline 890. Top surface of doors to be painted with Thermaline 450.
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
HI-TRAC TRANSFER CASK (1,2)

Codes/Standards
Primary Function Component (3) Safety (as applicable to Material Strength Special Surface Contact Mati.

Class (4 Finish/Coating (if dissimilar)
component)

Structural Integrity Pool Lid Outer Ring B ASME Section III; SA516-70 See Table 3.3.3 See Note 5 NA
Subsection NF or

SA 203E
or

SA350-LF3 '
Structural Integrity Pool Lid Top Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

____ _"_ _ __.... __ Subsection NF,
Structural Integrity Top Lid Outer Ring B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

_____ Subsection NF
Structural Integrity Top Lid Inner Ring B ASME Section III;. SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF

Structural Integrity Top Lid Top Plate B ASME Section 1II; SA516-70 See Table 3.3.2 See Note 5 NA
_ •_ Subsection NF

Structural Integrity Top Lid Bottom Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
• Subsection NF

Structural Integrity Fill Port Plugs C ASME Section III; Carbon See Table 3.3.2 See Note 5 NA
• Subsection NF Steel

Notes: 1)
2)

3)
4)
5)

There are no known residuals on finished component surfaces
All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds
shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section III.
Component nomenclature taken from Bill of Materials in Chapter 1.
A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.
All external surfaces to be painted with Carboline 890. Top surface of doors to be painted with Thermaline 450.
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
HI-TRAC TRANSFER CASK (1,2)

S Safet Codes/Standards Special Surface Contact Matl.
Primary Function Component Class ( asapplicable to Material Strength (ksi) Finish/Coating (if dissimilar)

Class_________4____ component) FiihCatn__fdismlr
Structural Integrity Pool Lid Bolt B ASME Section III; SA193-B7 See Table 3.3.4 NA NA

_Subsection NF

Structural Integrity Lifting Trunnion Block B ASME Section III; SA350-LF3 See Table 3.3.3 See Note 5 NA
Subsection NF

Structural Integrity Lifting Trunnion A ANSI N14.6. SB637 See Table 3.3.4 NA NA
___(N07718)

Structural Integrity Pocket Trunnion (HI-- B ASME Section III; SA350-LF3 See Table 3.3.3 See Note 5 NA
TRAC 100 and HI-TRAC Subsection .NF ..
125 only) ANSI N14.6 .....

Structural Integrity Dowel Pins B ASMESection III; SA564-630 See Table 3.3.4 NA SA350-LF3
•_________Subsection NF •_"

Structural Integrity Water Jacket End Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF "_ ____

Structural Integrity Pool Lid Bottom Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF ..

Structural Integrity Top Lid Lifting Block C. ASME Section 11; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF

Structural Integrity Bottom Flange Gussets B ASME Section IIH; SA516-70 See Table 3.3.2 See Note 5 NA
(HI-TRAC IOOD and SubsectionNFP
125D only) . ... . .. _•

Operations Top Lid Stud or bolt B . ASME SectionIII; SA193-B7 See Table 3.3.4 NA NA
,___ _ _ • Subsection NF

Notes: 1) There are no known residuals on finished component surfaces
2) All. welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section III.

3) Component nomenclature taken from Bill of Materials in Chapter 1.
4) A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.
5) All external surfaces to be painted with Carboline 890. Top surface of doors to be painted with Thermaline 450.
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
HI-TRAC TRANSFER CASK 1,2)

Primary Function Component ) Safety. Codes/Standards Special Surface Contact Mati.Primary Fucin4opnet' ( as applicable to Material Strength (ksi)Class component) Finish/Coating (if dissimilar)

Operations Top Lid Nut BB ASME Section III; SA194-2H NA NA NA

Subsection NF
Operations Pool Lid Gasket NITS Non-code Elastomer NA NA NA
Operations Lifting Trunnion End Cap C Non-code SA516-70 See Table 3.3.2 See Note 5 NA

(HI-TRAC 100 and HI-
TRAC 125 only)

Operations End Cap Bolts (HI-TRAC NITS . Non-code SA193-B7 See Table 3.3.4 NA NA
100 and HI-TRAC 125
only) .....

Operations Drain Pipes NITS Non-code SA 106 NA NA NA
Operations Drain Bolt NITS Non-code SA193-B7 See Table 3.3.4 NA NA
Operations Couplings, Valves and NITS Non-code Commercial NA NA NA

Vent Plug _

Notes: 1 )
2)

3)
4)
5)

There are no known residuals on finished component surfaces
All welding processes used in weldingthe components shall be qualified in accordance with the requirements of ASME Section IX. All welds
shall be made using welders qualified. in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section Iii.
Component nomenclature taken from Bill of Materials in Chapter 1.
A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.
All external surfaces to be painted with Carboline 890. Top surface of doors to be painted with Thermaline 450.
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
HI-TRAC TRANSFER LID (HI-TRAC 100 and HI-TRAC 125 ONLY) (,2)

Primary Function Component (3) Safety Special Surface Contact Mati.
Clas F(4) as applicable to Material Strength (ksi) FiniSh/Catn (if Mar)

• _ _ _ _Class__4 component) Finish/Coating ( _if dissimilar)

Shielding Side Lead Shield B Non-code Lead NA NA NA

Shielding Door Lead Shield B Non-code Lead NA NA

Shielding Door Shielding B Non-code Holtite NA NA NA

Structural Integrity Lid Top Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Lid Bottom Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Lid Intermediate Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Lead Cover Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Lead Cover Side Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Door Top Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Door Middle Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Door Bottom Plate B ASME Section i1i; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Door Wheel Housing . B ASME Section III; SA516z70 - See Table 3.3.2 See Note 5 NA

Subsection NF (SA350-LF3) (Table 3.3.3)
Structural Integrity Door Interface Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

_Subsection NF

* Notes: 1) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and

the applicable Subsection of ASME Section III.
3) Component nomenclature taken from Bill of Materials in Chapter I.-
4) A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.

5) All external surfaces to be painted with Carboline 890. Top surface of doors to be painted with Thermaline 450.
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
HI-TRAC TRANSFER LID.(HI-TRAC 100 and HI-TRAC 125 ONLY) "2 )

Codes/Standards
() Safety CdsSaarsSpecial Surface Contact Matl.

Primary Function Component class (4) as applicable to Material Strength (ksi)
P y tn "Finish/Coating (if dissimilar)

__ _component)

Structural Integrity Door Side Plate B ASMESection III; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF

Structural Integrity Wheel Shaft C ASME Section Ill; SA 193-B7 36 (yield) See Note 5 NA
•__Subsection NF

Structural Integrity Lid Housing Stiffener B ASME Section Ii; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF

Structural Integrity Door Lock Bolt B ASME Section III; SA193-B7 See Table 3.3.4 NA NA
-__ _ _ _ _ _ _ Subsection NB

Structural Integrity Door End Plate B ASMESection III; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF

Structural Integrity Lifting Lug and Pad B, ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF

Operations Wheel Track C ASME Section III; SA-36 36 (yield) See Note 5 NA
Subsection NF

Operations Door Handle NITS Non-code C/S or S/S NA See Note 5 NA
Operations Door Wheels NITS Non-code Forged Steel NA NA NA

Operations Door Stop Block C Non-code SA516-70 See Table 3.3.2 See Note 5 NA

Operations Door Stop Block Bolt C Non-code SA193-B7 See Table 3.3.4 NA NA

Notes: 1 )
2)

3)
4)
5)

There are no known residuals on finished component surfaces
All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds
shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section III.
Component nomenclature taken from Bill of Materials in Chapter 1.
A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.
All external surfaces to be painted with Carboline 890. Top surface of doors to be painted with Thermaline 450.
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Table 2.2.7

HI-STORM 100 ASME BOILER AND PRESSURE VESSEL CODE APPLICABILITY

HI-STORM 100 Material
* Component Procurement Design Fabrication Inspection

Section III,
Overpack steel Section II, Section Section III, Section 111, Subsection NF,

structure III, Subsection Subsection NF, Subsection NF, NF5350, NF-5360
NF, NF-2000 NF-3200 NF-4000 and Section V

Anchor Studs for Section II, Section Section III,
HI-STORM 100A III, Subsection Subsection NF, NA NA

NF, NF-2000* NF- 3300
Section II Section, Section III,

MPC confinement III, Subsection SectionIll, Section 11I, Subsection NB,
boundary NB, NB.2000 Subsection NB, Subsection NB, NB-5000 and

NB-3200 NB-4000 Section V. .. .. Section V

Section I, Section Section III, Section III,
III, Subsection Subsection NG, Subsection NG, Subsection NG,Suscto N, NG-5000 and

MPC fuel basket NG, NG-2000; NG-3.300 and NG-4000; core S nV
core support NG-3200; core Section V; coresupport structures
structures (NG- support structures (NG-support structures
1121) (NG-1121) (NG-1 121)

HITRAC Section II, Section Section II,
Trunnions. II, Subsection ANSI 14.6 Subsection NF, See Chapter 9

NF, NF-2000 NF-4000
Section IIl, Section III,

Section II,SubsectionNG, Subsection NG,
MPC basket III, Subsection Subsection NG,

supports (Angled NG, NG-2000; NG-3300 NG-4000; internal
Plates) internal structures NG-3200; internal Section V; internalstructures (NG- .strctures V;(NG-naPlts(nte112al stutrs srcueN-structures (NG- structures (N4G-

(NG-1 122) 1122) 1122)

Section III,
Section 1., Section Section III, Section 111,HI-TRAc steel "Subsection NF,

structure III, Subsection Subsection NF, Subsection NF, NF-5360 and
structure NF, NF-2000 NF-3300 NF-4000 Section V

d Section 1, Section Section III, Section III,
Damaged fuel Subsection NG, Section I Subsection NG,IIl, Subsection Subsection NG, NG-5000 and

container NG-3300 and NG-4000N onV
NG, NG-2000 NG320 _4000_____NG-3200 Section V

ACI 349 as ACI 349 and ACI ACI 349 as ACI 349 asonrerpa3 specified by 3p8-95 as specified by specified byvepc spcfebyspecified byApedx1D A eni1.
concrete Appendix I.D Appendix I.D Appendix I.D Appendix LD

• Except impact testing shall be determined based on service temperature and material type.
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Table 2.2.8

ADDITIONAL DESIGN INPUT DATA FOR NORMAL, OFF-NORMAL, AND
ACCIDENT CONDITIONS

Item Condition Value

Snow Pressure Loading (lb./ft2 ) Normal 100

Constriction of MPC Basket Vent Opening By Accident 0.85 (MPC-68)
Crud Settling (Depth of Crud, in.) 0.36 (MPC-24 and MPC-32)

Cask Environment During the Postulated Fire Accident 1475
Event (Deg. F)

HI-STORM Overpack Fire Duration (seconds) Accident 217

HI-TRAC Transfer Cask Fire Duration (minutes) Accident 4.8

Maximum submergence depth due to flood (ft) Accident 125

Flood water velocity (ft/s) Accident 15

GH + 0.53Gv 0.53"
(HI-STORM 100, 100S, and 100S

Interaction Relation for Horizontal & Vertical Accident Version B)
acceleration for HI-STORM

GH= 2.12; Gv= 1.5
(HI-STORM 100A)

Net Overturning Moment at base of HI-STORM Accident 18.7x10 6

1 OA (ft-lb) '

HI-STORM 100 Overpack Vertical Lift Height 11 I (HI-STORM 100 and IOOS),
Limit (in.) Accident OR

By Users (HI-STORM I OOA)

HI-TRAC Transfer Cask Horizontal Lift Height *Accident
Limit (in.)

tt See Subsection 3.4.7.1 for definition of GH and Gv. The coefficient of friction may be increased
above 0.53 based on testing described in Subsection 3.4.7.1

ttt For ISFSI and subgrade design parameter Sets A and B. Users may also develop a site-specific lift
height limit.
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Table 2.2.9

EXAMPLES OF ACCEPTABLE ISFSI PAD DESIGN PARAMETERS

PARAMETER PARAMETER PARAMETER
SET "A" t SET "B"

Concrete thickness, tp, (inches). <36 < 28

Concrete Compressive Strength <4,200 < 6000 psi
(at 28 days), fc', (psi)

Reinforcing bar Reinforcing bar
Reinforcement Top and Bottom shall be 60 ksi shall be 60 ksi
(both directions) Yield Strength Yield Strength

ASTM Material ASTM Material

Subgrade Effective Modulus of
Elasticity tt (measured prior to <28,000 <16,000
ISFSI pad installation), E, (psi)

NOTE: A static coefficient of friction of 0.53 between the ISFSI pad and
the bottom of the overpack shall be used. If for a specific ISFSI a
higher value of the coefficient of friction is used, it shall be
verified by test. The test procedure shall follow the guidelines
included in the Sliding Analysis in Subsection 3.4.7.1.

The characteristics of this pad are identical to the pad considered by Lawrence Livermore

Laboratory (see Appendix 3.A).

tt An acceptable method of defining the soil effective modulus of elasticity applicable to the drop
and tipover analysis is provided in Table 13 of NUREG/CR-6608 with soil classification in
accordance with ASTM-D2487 Standard Classification of Soils for Engineering Purposes (Unified
Soil Classification System USCS) and density determination in accordance with ASTM-D1586
Standard Test Method for Penetration Test and Split/Barrel Sampling of Soils.
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Table 2.2. 10
MPC CONFINEMENT. BOUNDARY STRESS INTENSITY LIMITS

FOR DIFFERENT LOADING CONDITIONS (ELASTIC ANALYSIS PER NB-3220)t

STRESS CATEGORY DESIGN LEVELS LEVEL Dtt

•A &B

Primary Membrane, Pm Sm N/Attt AMIN (2.4Sm, .7Su)

Local Membrane, PL 1.5Sm N/A 150% of Pm Limit

Membrane. plus Primary Bending 1.5Sm N/A 150% of Pm Limit

Primary Membrane plus Primary 15Sm N/A 150% Of Pm Limit
Bending

Membrane plus Primary Bending
plus Secondary

Average Shear Stresstttt 0.6Sm 0.6Sm 0.42Su

Stress combinations including F (peak stress) apply to fatigue evaluations only.
t Governed by Appendix F, Paragraph F-1331 of the ASMIE Code, Section III.
ttt No Specific stress limit applicable.

•ttt Governed by NB-3227.2 or F-1331.il(d) "
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Table 2.2.11

MPC BASKET STRESS INTENSITY LIMITS
FOR DIFFERENT LOADING CONDITIONS (ELASTIC ANALYSIS PER NG-3220)

STRESS CATEGORY DESIGN LEVELS A & B LEVEL Dt

Primary Membrane, Pm " Sm Sm AMIN (2.4Sm, .7 S,)tt

Primary Membrane plus Primary .1.5Sm 1.5Sm 150% of Pm Limit
Bending

Primary Membrane plus Primary N/Aftt 3Sm N/A
Bending plus Secondary __"

t
tt

ttt

Governed by Appendix F, Paragraph F-1331 of the ASME Code, Section Il.
Governed by NB-3227.2 or F-1331.1(d).
No specific stress intensity limit applicable.
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Table 2.2.12
STRESS LIMITS FOR DIFFERENT

LOADING CONDITIONS FOR THE STEEL STRUCTURE OF THE OVERPACK AND HI-TRAC
(ELASTIC ANALYSIS PER NF-3260)

SERVICE CONDITION

STRESS CATEGORY DESIGN + LEVEL A LEVEL B LEVEL D'

Primary Membrane, Pm S 1.33S AMAX (1.2 Sy, 1.5S.)
but < .7Su

Primary Membrane, Pm, 1.5S 1.995S 150% of Pm
plus Primary Bending,

Pb

Shear Stress 0.6S 0.6S <0.42Su
(Average)

Definitions:

S = Allowable Stress Value for Table 1A, ASME Section II, Part D.
Sm = Allowable Stress Intensity Value from Table 2A, ASME Section II, Part D
Su= Ultimate Strength

Governed by Appendix F, Paragraph F-1332 of the ASME Code, Section III.
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Table 2.2.13

NOTATION FOR DESIGN LOADINGS FOR NORMAL, OFF-NORMAL, AND
ACCIDENT CONDITIONS

NORMAL CONDITION.

LOADING NOTATION

Dead Weight: D

Handling Loads H

Design Pressure (Internal) P .

Design Pressure (External) t  Po

Snow S

Operating. Temperature T

OFF-NORMAL CONDITION

Loading Notation

Off-Normal Pressure .(Internal) Pi

Off-Normal Pressure (External)t: PO

Off-Normal Temperature T'

Off-Normal HI-TRAC Handling H'
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Table 2.2.13 (continued)

NOTATION FOR DESIGN LOADINGS FOR NORMAL, OFF-NORMAL, AND
ACCIDENT CONDITIONS

ACCIDENT CONDITIONS

LOADING NOTATION

Handling Accident H'

Earthquake E

Fire T

Tornado Missile M

Tornado Wind W'

Flood F

Explosion E*

Accident Pressure (Internal) Pi*

Accident Pressure (External) Po*
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Table 2.2.14
APPLICABLE LOAD CASES AND COMBINATIONS FOR EACH CONDITION AND COMPONENTt* t*

CONDITION LOADING CASE MPC OVERPACK HI-TRAC

Design (ASME Code N/A N/A
Pressure Compliance) Pi P.

Normal (Level A) 1 JTHP. D,T, H D, Ttt, H, Pi (waterjacket)

2 D,T,H,Po N/A N/A

1. D, T', H, P' D, U, H N/Attt (H' pocket

Off-Normal (Level B) '.'trunnion)

2 D, T', H, Po N/A N/A

1 D, T, Pi, H' D, TH D,T,H'
-2. D, T*,Pi* N/A N/A

Accident (Level D) •

D3 D T, Po*tltt" D, T, Po*ttt* D, T, Po*tt*t

4 N/A D, T, (E, M, F, W')ttttt D, T, (M, W')tttit

The loading notations are given in Table 2.2.13. Each symbol representsa loading type and may have different-values for different components. The different

loads are assumed to be additive and applied simultaneously.

tt N/A stands for "Not Applicable."

"t T (normal condition) for the HI-TRAC is 1 00'F and Pi,(,terjacket) is 60 psig and, therefore, there is no off-normal temperature or load combination because Load
Case 1, Normal (Level A), is identical to Load Case 1, Off-Normal (Level B). Only the off-normal handling load on the pocket trunnion is analyzed separately.

tttt P,* bounds the external pressure due to explosion.

ttttt (E, M, F, W') means loads are considered separately in combination with D, T. E and F not applicable to HI-TRAC.
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Table 2.2.15

LIST OF ASME CODE EXCEPTIONS FOR HI-STORM 100 SYSTEM

Reference ASME Code Exception, Justification &
Component Section/Article .Code Requirement Compensatory Measures

MPC, MPC basket assembly, HI- Subsection NCA General Requirements. Because the MPC, overpack, and transfer cask are not
STORM overpack steel structure, Requires preparation of a ASME Code stamped vessels, none of the
and HI-TRAC transfer cask steel Design Specification, specifications, reports, certificates, or other general
structure. Design Report, requirements specified by NCA are required. In lieu of

Overpressure Protection a Design Specification and Design Report, the HI-
Report, Certification of STORM FSAR includes the design criteria, service
Construction Report, Data conditions, and load combinations for the design and
Report, and other ..operation of the HI-STORM 100 System as well as the
administrative controls for results of the stress analyses to demonstrate that
an ASME Code stamped applicable Code stress limits are met. Additionally, theel I -.certified. .A

Vessel. . fabricator is not required to have an ASME-certified QA
program. All important-to-safety activities are governed
by the NRC-approved Holtec QA program.

Because the cask components are not certified to the
.. Code, the terms "Certificate Holder" and "Inspector"

are not germaneto the manufacturing of NRC-
certified cask components. To eliminate ambiguity,
the responsibilities assigned to the Certificate Holder
in the various articles of Subsections NB, NG, and NF
of the. Code, as applicable, shall be interpreted to

• .. applyto the NRC Certificate of Compliance (CoC)
holder(and .by extension, to the component
fabricator) if the requirement must be fulfilled. The
Code term "Inspector" means the QA/QC personnel

* * of the CoC holder and its vendors assigned to oversee
and. inspect the manufacturing process.
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Table 2.2.15 (continued)

LIST OF ASME CODE EXCEPTIONS FOR HI-STORM 100 SYSTEM

Reference ASME Code Exception, Justification &
Component Section/Article: Code Requirement Compensatory Measures

MPC NB-i 100 Statement of requirements MPC enclosure vessel is designed and will be
for Code stamping of fabricated in accordance with ASME Code, Section
components. 1II, Subsection NB to the maximum practical extent,

but Code stamping is not required.

MPC basket supports and lift lugs NB-1430 NB-1 132.2(d) requires.that The MPC basket supports (nonpressure-retaining
the first connecting weld of structural attachment) and lift lugs (nonstructural
a nonpressure-retaining attachments (relative to the function of lifting a
structural attachment to a loaded MPC) that are used exclusively for lifting an
component shall be empty MPC) are welded to the inside of the pressure-
considered part of the retaining MPC shell, but are not designed in
component unless the weld accordance with Subsection NB. The basket supports
is more than 2t from the and associated attachment welds are designed to
pressure-retaining portion satisfy the stress limits of Subsection NG and the lift
of the component, where t lugs and associated attachment welds are designed to

.. is the nominal thickness of satisfy the stress limits of Subsection NF, as a
the pressure-retaining, minimum. These attachments and their welds are
material, shown by analysis to meet the respective stress limits

for their service conditions. Likewise, non-structural
NB-I 132.2(e) requires. items, such as.shield plugs, spacers, etc. if used, can
that the first connecting be attached to pressure-retaining parts in the same
weld of a welded manner.
nonstructural attachment
to a component shall
conform to NB-4430 if the
connecting weld is within
2t from the pressure-
retaining portion of the
component.
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Table 2.2.15 (continued)

LIST OF ASME CODE EXCEPTIONS FOR HI-STORM 100 SYSTEM

Reference ASME Code Exception, Justification &
Component Section/Article Code Requirement Compensatory Measures

MIPC NB-2000 Requires materials to be Materials will be supplied by Holtec approved
supplied by ASME- suppliers with Certified Material Test Reports
approved material (CMTRs) in accordance with NB-2000 requirements.

_supplier.

MPC, MPC basket assembly, HI- NB-3100 Provides requirements for These requirements are not applicable. The HI-
STORM overpack, and HI-TRAC NG-3 100 detenrnining design STORM FSAR, serving as the Design Specification,
transfer cask NF-3100 loading conditions, such establishes the service conditions and load

as pressure, temperature, combinations for the storage system.
and mechanical loads.

MPC NB-3350 NB-3352.3 requires, for Due to MPC basket-to-shell interface requirements, the
Category C joints, that the MPC shell-to-baseplate weld joint design (designated
minimum dimensions of Category C) does not include a reinforcing fillet weld or a
the welds and throat bevel in the MPC baseplate, which makes it different than

thickness shall be as any of the representative configurations depicted in Figure
NB-4243-1. The transverse thickness of this weld is equalshown in Figure NB- to the thickness of the adjoining shell (1/2 inch). The weld

4243-1. is designed as a full penetration weld that receives VT and
RT or UT, as well as final surface PT examinations.
Because the MPC shell design thickness is considerably
larger than the minimum thickness required by the Code, a
reinforcing fillet weld that would intrude into the MPC
cavity space is not included. Not including this fillet weld
provides for a higher quality radiographic examination of
the full penetration weld.

From the standpoint of stress analysis, the fillet weld serves
to reduce the local bending stress (secondary stress)
produced by the gross structural discontinuity defined by
the flat plate/shell junction. In the MPC design, the shell
and baseplate thicknesses are well beyond that required to
meet their respective membrane stress intensity limits.
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Table 2.2.15 (continued)

LIST OF ASME CODE EXCEPTIONS FOR HI-STORM 100 SYSTEM

Reference ASME. Code Exception, Justification &
Component Section/Article Code Requirement Compensatory Measures

MPC, MPC basket assembly, HI- NB-4120 NB-4121.2, NG-4121.2, In-shop operations of short duration that apply heat to
STORM overpack steel structure, NG-4120 . and NF-4121.2 provide a component, such as plasma cutting of plate stock,
and HI-TRAC transfer cask steel NF-4120 requirements for repetition welding, machining, coating, and pouring of lead are
structure of tensile or impact tests not, unless explicitly stated by the Code, defined as

*for material subjected to heat treatment operations.
heat.treatment during
fabrication or installation. For the steel parts in the HI-STORM 100 System

components, the duration for which a part exceeds the
off-normal temperature limit defined in Chapter 2 of
the FSAR shall be limited to 24. hours in a particular
manufacturing process(such as the HI-TRAC lead
pouring process).

MPC, HI-STORM overpack steel NB-4220 Requires certain forming The cylindricity measurements on the rolled shells are
structure, HI-TRAC transfer cask NF-4220 tolerances to be met for not specifically recorded in the.shop travelers, as
steel structure cylindrical, conical, or would be the case for a Code-stamped pressure vessel.

spherical shells of a Rather, the requirements on inter-component
Vessel. clearances (such as the MPC-to-transfer cask) are

guaranteed through fixture-controlled manufacturing.
The fabrication specification and shop procedures

ensure that all dimensional design objectives,
including inter-component annular clearances are
satisfied. The dimensions required to be met in
fabrication are chosen to meet the functional
requirements of the dry storage components. Thus,
although the post-forming Code cylindricity
requirements are not evaluated for compliance
directly, they are indirectly satisfied (actually
exceeded) in thefinal manufactured components.
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Table 2.2.15 (continued)

LIST OF ASME CODE EXCEPTIONS FOR HI-STORM 100 SYSTEM

• Reference ASME Code -Exception, Justification &
Component Section/Article E p , tiRequirementRefenc ArEcoe Cu Compensatory Measures

MPC Lid and Closure Ring NB-4243 Full penetration welds MPC lid and closure ring are not full penetration
Welds required for Category C welds. They are welded independently to provide a

Joints (flat head tomain redundant seal. Additionally, a weld efficiency factor
shell per NB-3352.3) of 0.45 has been applied to the analyses of these

welds.

MPC Closure Ring, Vent and NB-5230 Radiographic (RT) or Root (if more than one weld pass is required) and final
Drain Cover Plate Welds ultrasonic (UT) liquid penetrant examination to be performed in accordance

examination required. with NB-5245. The closure ring provides independent
redundant closure for vent and drain cover plates.

MPc Lid to Shell Weld NB-5230 Radiographic (RT) or Only UT or multi-layer liquid penetrant (PT) examination
ultrasonic (UT) is permitted. If PT examination alone is used, at a
examination required. minimum, it will include the root and final weld layers and

each approx. 3/8" of weld depth.

MPC Enclosure Vessel and Lid NB-61 11 All completed pressure The MPC vessel is seal welded in the field following fuel
retaining systems shall be assembly loading. The MPC vessel shall then be pressure
pressure tested. tested as defined in Chapter 9. Accessibility for leakage

inspections preclude a Code compliant pressure test. All
MPC vessel welds (except closure ring and vent/drain
cover plate) are inspected by volumetric examination,
except the MPC lid-to-shell weld shall be verified by
volumetric or multi-layer PT examination. If PT alone is
used, at a minimum, it must include the root and final
layers and each approximately 3/8 inch of weld depth. For
either UT or PT, the maximum undetectable flaw size must
be determined in accordance with ASME Section XI
methods. The critical flaw size shall not cause the primary
stress limits of NB-3000 to be exceeded.

The inspection results, including relevant findings
(indications) shall be made a permanent part of the user's
records by video, photographic, of other means which

_provide an equivalent record of weld integrity. The video or
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Table 2.2..15 (continued)

LIST OF ASME CODE. EXCEPTIONS FOR HI-STORM 100 SYSTEM

Reference ASME Code Exception, Justification &
Component Section/Article Compensatory Measures

photographic records should be taken during the final
interpretation period described in ASME Section V, Article
6, T-676. The vent/drain cover plate and the closure ring
welds are confirmed by liquid penetrant examination. The
inspection of the weld must be performed by qualified
personnel and shall meet the acceptance requirements of
ASME Code Section III, NB-5350 for PT or NB-5332 for
UT.

MPC Enclosure Vessel NB-7000 Vessels are required to No overpressure protection is provided. Function of MPC
have overpressure enclosure vessel is to contain radioactive contents under
protection. normal, off-normal, and accident conditions of storage.

MPC vessel is designed to withstand maximum internal
pressure considering 100% fuel rod failure and maximum
accident temperatures.

MPC Enclosure Vessel NB-8000 States requirements for The HI-STORM 100 System is to be marked and identified
nameplates, stamping and in accordance with I0CFR71 and IOCFR72 requirements.
reports per NCA-8000. Code stamping is not required. QA data package to be in

accordance with Holtec approved QA program.

MPC Basket Assembly NG-2000 Requires materials to be Materials will be supplied by Holtec approved supplier
supplied by ASME with CMTRs in accordance with NG-2000 requirements.
approved Material

_Supplier.
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Table 2.2.15 (continued)

LIST OF ASME CODE EXCEPTIONS FOR HI-STORM 100 SYSTEM

C Reference ASME Code " Exception, Justification &
Component Section/Article Code Requirement Compensatory Measures

MPC Basket Assembly NG-4420 NG-4427(a) requires a Modify the Code requirement (intended for core support
fillet weld in any single structures) with the following text prepared to accord with the

continuous weld may be geometry and stress analysis imperatives for the fuel basket:

less that the specified fillet For the longitudinal MPC basket fillet welds, the following
S weld dimension by not criteria apply: 1) The specified fillet weld throat dimension

must be maintained over at least 92 percent of the total weld
more than 1/16 inch, length. All regions of undersized weld must be less than 3
provided that the total inches long and separated from each other by at least 9
undersize portion of the inches. 2) Areas of undercuts and porosity beyond that
weld does not exceed 10 allowed by the applicable ASME Code shall not exceed 1/2
percent of the length of inch in weld length. The total length of undercut and porosity
the weld. Individual over any 1-foot length shall not exceed 2 inches. 3) The total
undersize weld portions weld length in which items (1) and (2) apply shall not exceed

shall not exceed 2 inches a total of 10 percent of the overall weld length. The limited
*.in length.. access of the MPC basket panel longitudinal fillet welds

makes it difficult to perform effective repairs of these welds
and creates the potential for causing additional damage to the
basket assembly (e.g., to the neutron absorber and its
sheathing) if repairs are attempted. The acceptance criteria
provided in the foregoing have been established to comport
with the objectives of the basket design and preserve the
margins demonstrated in the supporting stress analysis.

From the structural standpoint, the weld acceptance criteria
are established to ensure that any departure from the ideal,
continuous fillet weld seam would not alter the primary
bending stresses on which the design of the fuel baskets is
predicated. Stated differently, the permitted weld
discontinuities are limited in size to ensure that they remain
classifiable as local stress elevators ("peak stress", F, in the
ASME Code for which specific stress intensity limits do
not apply).
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Table 2.2.15 (continued)

LIST OF ASME CODE EXCEPTIONS FOR HI-STORM 100 SYSTEM

Reference ASME CCode Exception, Justification &
Component Section/Article C Compensatory Measures

MPC Basket Assembly NG-8000 States requirements for .The HI-STORM 100 System is to be marked and identified
nameplates, stamping and. in accordance with I0CFR71 and IOCFR72 requirements.
reports per NCA-8000. No Code stamping is required. The MPC basket data

package is to be in conformance with Holtec's QA
____.____"_ _ program.

Overpack Steel Structure NF-2000 Requires materials to be Materials will be supplied by Holtec approved supplier
supplied by ASME with CMTRs in accordance with NF-2000 requirements.

approved Material
Supplier.

HI-TRAC Steel Structure NF-2000 Requires materials to be Materials will be supplied by Holtec approved supplier
supplied by ASME with CMTRs in accordancewith NF-2000 requirements.
approved Material
Supplier.

Overpack Baseplate and Lid Top NF-4441 Requires special .. The margins of safety in these welds under loads
Plate examinations or experienced during lifting operations or accident conditions

requirements for welds are quite large. The overpack baseplate welds to the inner
wherea primary member shell, pedestal shell, and radial plates are only loaded
thickness of 1". or greater during lifting conditions and have large safety factors

during lifting. Likewise, the top lid plate to lid shell weld
S is loaded to transmit loads has a large structural margin under the inertia loads
in the through thickness imposed during a non-mechanistic tipover event.• . " direction.
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Table 2.2.15 (continued)

LIST OF ASME CODE EXCEPTIONS FOR HI-STORM 100 SYSTEM

Reference ASME Code Cd Ret Exception, Justification &
Component Section/Article oe equiremen Compensatory Measures

Overpack Steel Structure NF-3256 Provides requirements for Welds for which no structural credit is taken are identified
NF-3266 welded joints. as "Non-NF" welds in the design drawings by an

These non-structural welds are specified in accordance with
the pre-qualified welds of AWS D1. 1. These welds shall be
made by welders and weld procedures qualified in
accordance with AWS Dl.1 or ASME Section IX.

Welds for which structural credit is taken in the safety
analyses shallmeet the stress limits for NF-3256.2, but are
not required to meetthe joint configuration requirements
specified in these Code articles. The geometry of the joint
designs in the cask structures are based on the fabricability
and accessibility of the joint, not generally contemplated by
this Code section governing supports.

HI-STORM Overpack and HI- NF-3320 NF-3324.6 and NF-4720 These Code requirements are applicable to linear structures
TRAC Transfer Cask NF-4720 provide requirements for wherein bolted joints carry axial, shear, as well as rotational

bolting (torsional) loads. The overpack and transfer cask bolted
connections in the structural load path are qualified by design

• based on the design loadings defined in the FSAR. Bolted
joints in these components see no shear or torsional loads
under normal storage conditions. Larger clearances between
bolts and holes may be necessary to ensure shear interfaces
located elsewhere in the structure engage prior to the bolts
experiencing shear loadings (which occur only during side
impact scenarios). -

Bolted joints that are subject to shear loads in accident
conditions are qualified by appropriate stress analysis.
Larger bolt-to-hole clearances help ensure more efficient
operations in making these bolted connections, thereby
minimizing time spent by operations personnel in a
radiation area. Additionally, larger bolt-to-hole clearances
allow interchangeability of the lids from one particular
fabricated caskto another.
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Table 2.2.16

COMPARISON BETWEEN HI-STORM MPC LOADINGS WITH HI-STAR MPC LOADINGSt

Loading Condition Difference Between MPC Loadings Under
HI-STAR and HI-STORM Conditions

Dead Load Unchanged

Design Internal Pressure Unchanged
(normal, off-normal, &
accident)

Design External Pressure HI-STORM normal and off-normal external pressure is ambient which is less than the
(normal, off-normal, & HI-STAR 40 psig. The accident external pressure is unchanged.
accident)

Thermal Gradient (normal, off- Determined by analysis in Chapters 3 and 4
normal, & accident)

Handling Load (normal) Unchanged.

Earthquake (accident): I.nertiallo~ading increased less than 0. I g's (for free-standing overpack designs).

Handling Load (accident) HI-STORM vertical and horizontal deceleration loadings are less than those in HI-
STAR, but the Hi-STORM cavity inner diameter is different and therefore the
horizontal loading on the MPC is analyzed in Chapter 3.

t HI-STAR MPC loadings are those specified in the HI-STAR SAR underdocket number 71-9261,which does not impose any off-normal condition loadings.
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2.3 SAFETY PROTECTION SYSTEMS

2.3.1 General

The HI-STORM 100 System is engineered to provide for the safe long-term storage of spent
nuclear fuel (SNF). The HI-STORM 100 will withstand all normal, off-normal, and postulated
accident conditions without any uncontrolled release of radioactive material or excessive
radiation exposure to workers or members of the public. Special considerations in the design
have been made to ensure long-term integrity and confinement of the stored SNF throughout all
cask operating conditions. The design considerations, which have been incorporated into the
HI-STORM 100 System to ensure safe long-term fuel storage are:

1. The MPC confinement barrier is an enclosure vessel designed in accordance
with the ASME Code, Subsection NB with confinement welds inspected by
radiography (RT) or ultrasonic testing (UT). Where RT or UT is not possible, a•
redundant closure system is provided with field welds, which are pressure tested
and/or inspected by the liquid penetrant method (see Section 9.1).

2. The MPC confinement barrier is surrounded by the HI-STORM overpack which
provides for the physical protection of the MPC.

3. The HI-STORM 100 System is designed to meet the requirements of storage
while maintaining the safety of the SNF.

4. The SNF once initially loaded in the MPC does not require opening of the
canister for repackaging to transport the SNF.

5. The decay heat emitted by the SNF is rejected from the HI-STORM 100 System
through passive means.. No active cooling systems are employed.

It is recognized that a rugged design with large safety margins is essential, but that is not
sufficient to ensure acceptable performance over the service life of any system. A carefully
planned oversight and surveillance plan, which does not diminish system integrity but provides
reliable information on the effect of passage of time on the performance of the system is
essential. Such a surveillance and performance assay program will be developed to be
compatible with the specific conditions of the licensee's facility where the HI-STORM 100
System is installed. The general requirements for the acceptance testing and maintenance
programs are provided in Chapter 9. Surveillance requirements are specified in the Technical
Specifications in Appendix A to the CoC..

The structures, systems, and components of the HI-STORM 100 System designated as
important to safety are identified in Table 2.2.6. Similar categorization of structures, systems,
and components, which are part of the ISFSI, but not part of the HI-STORM 100 System, will
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be the responsibility of the 1OCFR72 licensee. For HI-STORM 100A, the ISFSI pad is
designated ITS, Category C as discussed in Subsection 2.0.4.1.

2.3.2 Protection by Multiple Confinement Barriers and Systems

2.3.2.1 Confinement Barriers and Systems

The radioactivity which the HI-STORM 100 System must confine originates from the spent fuel
assemblies and, to a lesser extent, the contaminated water in the fuel pool. This radioactivity is
confined by multiple confinement barriers.

Radioactivity from the fuel pool water is minimized by preventing contact, removing the
contaminated water, and decontamination.

An inflatable seal in the annular gap between the MPC and HI-TRAC, and the elastomer seal in
the HI-TRAC pool lid prevent the fuel pool water from contacting the exterior of the MPC and
interior of the HI-TRAC while submerged for fuel loading. The fuel pool water is drained from
the interior of the MPC and the MPC internals are dried. The exterior of the HI-TRAC has a
painted surface which is decontaminated to acceptable levels. Any residual radioactivity
deposited by the fuel pool water is confined by the MPC confinement boundary along with the
spent nuclear fuel.

The HI-STORM 100 System is designed with several confinement barriers for the radioactive
fuel contents. Intact fuel assemblies have cladding which provides the first boundary preventing
release of the fission products. Fuel assemblies classified as damaged fuel or fuel, debris are.
placed in a damaged fuel container which restricts the release of fuel debris. The MPC is a seal
welded enclosure which provides the confinement boundary. The MPC confinement boundary
is defined by the MPC baseplate, shell, lid, closure ring, and port cover plates.

The MPC confinement boundary has been designed to withstand any postulated off-normal
operations, internal change, or external natural phenomena. The MPC is designed to endure
normal, off-normal, and accident conditions of storage with the maximum decay heat loads
without loss of confinement. Designed in accordance with the ASME Code, Section III,.
Subsection NB, with certain NRC-approved alternatives, the MPC confinement boundary
provides assurancethat there will be no release of radioactive materials from the cask under all
postulated loading conditions. Redundant closure of the MPC is provided by the MPC closure
ring welds which provide a second barrier to the release of radioactive material from the MPC
internal cavity. Therefore, no monitoring system for the confinement boundary is required.

Confinement is discussed further in Chapter 7. MPC field weld examinations, helium leakage
testing and pressure testing are performed to verify the confinement function. Fabrication
inspections and tests are also performed, as discussed in Chapter 9, to verify the confinement
boundary.
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2.3.2.2 Cask Cooling

To facilitate the passive heat removal capability of the HI-STORM 100, several thermal design
criteria are established for normal and off-normal conditions. They are as follows:

The heat rejection capacity of the HI-STORM 100 System is deliberately
understated by conservatively determining the design basis fuel that maximizes
thermal resistance (see Section 2.1.6). Additional margin is built into the
calculated cask cooling rate by using the design basis fuel assembly that offers
maximum resistance to MPC internal helium.circulation.

* The MPC fuel basket is formed by a honeycomb structure of stainless steel
plates with full-length edge-welded intersections, which allows the unimpaired
conduction of heat.

* The MPC confinement boundary ensures that the helium atmosphere inside the
MPC is maintained during normal, off-normal, and accident conditions of
storage and transfer. The MPC confinement boundary maintains the helium
confinement atmosphere below the design temperatures and pressures stated in
Table 2.2.3 and Table 2.2.1, respectively.

* The MPC thermal design maintains the fuel rod cladding temperatures below the
values stated in Chapter 4 such that fuel cladding is not degraded during the
long term storage period.

The HI-STORM is optimally designed with cooling vents and an MPG to
overpack annulus which maximize air flow, while providing superior radiation
shielding. The vents and annulus allow cooling air to circulate past the MPC
removing the decay heat.

2.3.3 Protection by Equipment and Instrumentation Selection

2.3.3.1 Equipment

Design criteria for the HI-STORM 100 System are described in Section 2.2. The HI-STORM
100 System may include use of ancillary or support equipment. for ISFSI implementation.
Ancillary equipment and structures utilized: outside of the reactor facility's IOCFR Part 50
structures may be broken down into two broad categories, namely Important to Safety (ITS)
ancillary equipment and Not Important to Safety (NITS) ancillary equipment. NUREG/CR-
6407, "Classification of Transportation Packaging and Dry Spent Fuel Storage System
Components According to Importance to Safety", provides guidance for the determination of a
component's safety classification. Certain ancillary equipment (such as trailers, rail cars, skids,
portable cranes, transporters, or air pads) are not required to be designated as ITS for most
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ISFSI implementations, if the HI-STORM 100 is designed to withstand the failure of these
components.

The listing and ITS designation of ancillary equipment in Table 8.1.6 follows NUREG/CR-
6407. ITS ancillary equipment utilized in activities that occur outside the 1OCFR Part 50
structure shall be engineered to meet all functional, strength, 'service life, and operational safety
requirements to ensure that the design and operation of the ancillary equipment is consistent
with the intent of this Safety Analysis Report. The design for these components shall consider
the following information, as applicable:

I. Functions and boundaries of the ancillary equipment
2. The environmental conditions of the ISFSI site, including tornado-borne missile,

tornadowind, seismic, fire, lightning, explosion, ambient humidity limits, flood,
tsunami and any other environmental hazards unique to the site.

3. Material requirements including impact testing requirements
4. Applicable codes and standards
5. Acceptance testing requirements
6. Quality assurance requirements
7. Foundation type and permissible loading
8. Applicable loads and load combinations
9. Pre-service examination requirements
10. In-use inspection and maintenance requirements
11. Number and magnitude of repetitive loading significant to fatigue
12. Insulation and enclosure requirements (on electrical motors and machinery)
13. Applicable Reg. Guides and NUREGs.
14. Welding requirements
15. Painting, marking, and identification requirements
16. Design Report documentation requirements
17. Operational and Maintenance (O&M) Manual information requirements.

All design documentation shall be subject to a review, evaluation, and safety assessment
process in accordance with the provisions of the QA program described in Chapter 13.

Users may effectuate the inter-cask transfer of the MPC between the HI-TRAC transfer cask
and either the HI-STORM 100 or the HI-STAR 100 overpack in a location of their choice,
depending upon site-specific needs and capabilities. For those users choosing to perform the
MPC inter-cask transfer using devices not integral to structures governed by the regulations of
10 CFR Part 50 (e.g., fuel handling or reactor building), a Cask Transfer Facility (CTF) is
required. The CTF is a stand-alone facility located on-site, near the ISFSI that incorporates or
is compatible with lifting devices designed to lift a loaded or unloaded HI-TRAC transfer cask,
place it atop the overpack, and transfer the loaded MPC to or from the overpack. The detailed
design criteria which must be followed for the design and operation of the CTF are set down in
Paragraphs A through R below.
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The inter-cask transfer operations consist of the following potential scenarios of MPC transfer:

* Transfer between a HI-TRAC transfer cask and a HI-STORM overpack
* Transfer between a HI-TRAC transfer cask and a HI-STAR 100 overpack

In both scenarios, the standard design HI-TRAC is mounted on top of the overpack (HI-STAR
100, HI-STORM 100, HI-STORM IOOS) and the MPC transfer is carried out by opening the
transfer lid doors located at the bottom of the HI-TRAC transfer cask and by moving the MPC
vertically to the cylindrical cavity of the recipient cask. For the HI-TRAC IOOD and 125D
designs, the MPC transfer is carried out in a similar fashion, except that there is no transfer lid
involved - the pool lid is removed while thetransfer cask is mounted atop the HI-STORM
overpack with~the HI-STORM mating device located between the two casks (see Figure 1.2.18).
However, thedevices utilized to lift the HI-TRAC cask to place it on the overpack and to
vertically transfer the MPC may be of stationary or mobile type.

The specific requirements for the CTF employing stationary and mobile lifting devices are
somewhat different. The requirements provided in the following specification for the CTF apply
to both types of lifting devices, unless explicitly differentiated inthe text.

1. General Specifications:

The cask handling functions which may be required of the Cask Transfer
Facility include:

a. Upending and downending of a HI-STAR 100 overpack on a
flatbed rail car or other transporter (see Figure 2.3.1 for an
example).

b. Upending and downending of a HI-TRAC transfer cask on a
heavy-haul transfer trailer or other transporter (see Figure 2.3.2
for an example)

c. Raising and placement of a HI-TRAC transfer cask on top of a
HI-STORM 100 overpack for MPC transfer operations (see
Figure 2.3.3 for an example of the cask arrangement with the
standard design HI-TRAC transfer cask. The HI-TRAC 100D
and 125D designs would include the mating device and no
transfer lid).

d. Raising and placement of a HI-TRAC transfer cask on top of a
HI-STAR 100 overpack for MPC transfer operations (see Figure
2.3.4 for an example of the cask arrangement with the standard
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design HI-TRAC transfer cask. The HI-TRAC IOOD and 125D
designs would include the mating device and no transfer lid).

e. MPC transfer between the HI-TRAC transfer cask and the HI-
STORM overpack.

f. MPC transfer between the HI-TRAC transfer cask and the HI-
STAR 100 overpack.

ii. Other Functional Requirements:

The CTF should possess facilities and capabilities to support cask
operations such as:

a. Devices and areas to support installation and removal of the HI-
STORM overpack lid.

b. Devices and areas to support installation and removal of the HI-
STORM 100 overpack vent shield block inserts.

c. Devices and areas to support installation and removal of the HI-
STAR 100 closure plate.

d. Devices and areas to support installation and removal of the HI-
STAR 100 transfer collar.

e. Features to support positioning and alignment of the HI-STORM
overpack and the HI-TRAC transfer cask.

f. Features to support positioning and alignment of the HI-STAR
.100 overpack and the HI-TRAC transfer cask.

g. Areas to support jacking of a loaded HI-STORM overpack for
insertion of a translocation device underneath.

h. Devices and areas to support placement of an empty MPC in the
HI-TRAC transfer cask or HI-STAR 100 overpack

i. Devices and areas to support receipt inspection of the MPC, HI-
TRAC transfer cask, HI-STORM overpack, and HI-STAR
overpack.
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j. Devices and areas to support installation and removal of the HI-
STORM mating device (HI-TRAC IOOD and 125D only).

iii. Definitions:

The components of the CTF covered by this specification consist of all
structural members, lifting devices, and foundations which bear all or a
significant portion of the dead load of the transfer cask or the multi-
purpose canister during MPC transfer operations. The definitions of key
terms not defined elsewhere in this FSAR and used in this specification
are provided below. The following, terms are used to define key
components of the CTF.

* Connector. Brackets: The mechanical part used in the load path.
which connects to the cask trunnions. A fabricated weldment,
slings, and turnbuckles are typical examples of connector
brackets.

CTF structure: The CTF structure is the stationary, anchored
portion of the CTF which provides the required structural
function to support MPC transfer operations, including lateral
stabilization of the HI-TRAC transfer cask and, if required, the
overpack, to protect against seismic events. The* MPC lifter, if
used in the CTF design, is integrated into the CTF structure (see
Lifter Mount).

* HI-TRAC lifter(s): The HI-TRAC lifter is the mechanical lifting
device, typically consisting ofjacks orhoists, that is utilized to
lift a loaded or unloadedHI-TRAC to the required elevation in
the CTF so that it can'be mounted on the Overpack.t

Lifter Mount: A beam-like structure (part of the CTF structure)
that supports the HI-TRAC and MPC lifter(s).

Lift Platform: The lift platform is the intermediate structure that
transfers the vertical load of the HI-TRAC transfer cask to the
Hi-TRAC lifters.

The term overpack is used in this specification as a generic term for the HI-STAR 100 and the

various HI-STORM overpacks.
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* Mobile crane: A mobile crane is a device defined in ASME
B30.5-1994, Mobile and Locomotive Cranes. A mobile crane
may be used in lieu of the HI-TRAC lifter and/or an MPC lifter
provided all requirements set forth in this subsection are
satisfied.

* MPC lifter: The MPC lifter is a mechanical lifting device,
typically consisting ofjacks or hoists, that is utilized to vertically
transfer the MPC between the HI-TRAC transfer cask and the
overpack.

Pier: The portion of the reinforced concrete foundation which
projects above the concrete floor of the CTF.

Single-Failure-Proof (SFP): A single-failure-proof handling
device is one wherein all directly loaded tension and
compression members are engineered to satisfy the enhanced
safety criteria given in of NUREG-0612.

Translocation Device: A low vertical profile device used to
laterally position an overpack such that the bottom surface of the
overpack is fully supported by the top surface of the device.
Typical translocation devices are air pads and Hillman rollers.

iv. Important to Safety Designation:

All components and structures which comprise the CTF shall be given
an ITS category designation in accordance with a written procedure
which is consistent. with NUREG/CR-6407 and the Holtec. quality
assurance program.

B. Environmental and Design Conditions

1. Lowest Service Temperature (LST): The LST for the CTF is 0°F
(consistent with the specification for the HI-TRAC transfer cask in
Subsection 3.1.2.3).

ii. Snow and Ice Load, S: The CTF structure shall be designed to withstand
the dead weight of snow and ice for unheated structures as set forth in
ASCE 7-88 [2.2.2] for the specific ISFSI site.

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR Rev. 5
REPORT HI-2002444 2.3-8

HI-STORM 100 FSAR Revision 6; February 7, 2008



iii. Tornado Missile, M, and Tornado Wind,W': The tornado wind and
tornado-generated missile data applicable to the HI-STORM 100 System
(Tables 2.2.4 and 2.2.5) will be used in the design of the CTF structure
unless existing site design basis data or a probabilistic risk assessment
(PRA) for the CTF site with due consideration of short operation
durations indicates that a less severe tornado missile impact or wind
loading on the CTF structure can be postulated. The PRA analysis can
be performed in the manner of the EPRI Report NP-2005, "Tornado
Missile Simulation and Design Methodology Computer Code Manual".
USNRC Reg. Guide 1.117 and Section 2.2.3 of NUREG-800 may be
used for guidance in establishing the appropriate tornado missile and
wind loading for the CTF structure.

The following additional clarifications apply to the large tornado missile
(4,000 lb. automobile) in Tables 2.2.4 and 2.2.5 in the CTF structure
analysis:

The missile has a platform area of 20 sq. ft. and impact
force. characteristics consistent with the HI-TRAC
missile impact analysis.

* The large missile can strike the CTF structure in any
orientation up to an elevation of 15 feet.

If the site tornado missile data developed by the ISFSI owner suggests
that tornado missiles of greater kinetic energies than that postulated in

* this FSAR (Table 2.2.4 and 2.2.5) should be postulated.for CTF during
its use, thenthe integrity analysis, of the CTF structure shall be carried
out under the site-specific tornadomissiles. This situation would also
require the HI-TRAC transfer cask and theoverpack to be re-evaluated
under the provisions of 1OCFR72.212 and 72.48.

The wind speed specified in this FSAR (Tables 2.2.4 and 2.2.5),
likewise, shall be evaluated for their applicability to the site. Lower or
higher site-specific wind velocity, compared to the design basis. values
cited in this FSAR shall be used if justified by appropriate analysis,
which may include PRA.

Intermediate penetrant missile and small missiles postulated in this
FSAR are not considered to be a credible threat to the functional
integrity of the CTF structure and, therefore, need not be considered.

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR Rev. 5
REPORT HI-2002444 2.3-9

HI-STORM 100 FSAR Revision 6; February 7, 2008



iv. Flood: The CTF will be assumed to be flooded to the highest elevation
for the CTF facility determined from the local meteorological data. The
flood velocity shall be taken as the largest value defined for the ISFSI
site.

v. Lightning: Meteorological data for the region surrounding the ISFSI site
shall be used to specify the applicable lightning input to the CTF
structure for personnel safety evaluation purposes.

vi. Water Waves (Tsunami, Y): Certain coastal CTF sites may be subject to
sudden, short duration waves of water, denoted in the literature by
various terms, such as tsunami. If the applicable meteorological data for
the CTF site indicates the potential of such water-borne loadings on the
CTF structure, then such a loading, with due consideration of the short
duration of CTF operations, shall be defined for the CTF structure.

vii. Design Basis Earthquake (DBE), E: The DBE event applicable to the
CTF facilitypursuant to 1 OCFRI 00, Appendix A, shall be specified. The
DBE should be specified as a set of response spectra or acceleration
time-histories for use in the CTF structural and impact consequence

• analyses.

viii. Design Temperature: All material properties used in the stress analysis
of the CTF structure shall utilize a reference design temperature of
150OF•

C. Heavy Load Handling:

i. Apparent dead load, D*: The dead load of all components being lifted
shall be increased in the manner set forth in Subsection 3.4.3 to define
the Apparent Dead .Load, D*.

ii. NUREG-0612 Conformance:

The Connector Bracket, HI-TRAC lifter, and MPC lifter shall comply
with the guidance provided in NUREG-0612 (1980) for single failure
proof devices. Where the geometry of the lifting device is different from
the configurations contemplated by NUREG-0612, the following
exceptions apply:

a. Mobile cranes at the CTF shall conform to the guidelines of
Section 5.1.1 of NUREG-0612 with the exception that mobile
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cranes shall meet the requirements of ANSI B30.5, "Mobile and
Locomotive Cranes", in lieu of the requirements of ANSI B30.2,
"Overhead and Gantry Cranes". The mobile crane used shall
have a minimum safety factor of two over the allowable load
table for the crane in accordance with Section 5.1.6(i)(a) of
NUREG-0612, and shall be capable of stopping and holding the
load during a DBE event.

b. Section 5.1.6(2) of NUREG-0612 specifies that new cranes
should be designed to meet the requirements of NUREG-0554.
For mobile cranes, the guidance of Section 5.1.6(2) of NUREG-
0612 does not apply.

iii. Defense-in-Depth Measures:

a. The lift platform and the lifter mount shall be designed to ensure
that the stresses produced under the apparent dead load, D*, are
less than the Level A (normal condition) stress limits for ASME
Section III, Subsection NF, Class 3, linear structures.

b. The CTF structure shall be designed to ensure that the stresses
produced in it under the apparent dead load, D*, are less than the
Level A (normal condition) stress limits for ASME Section III,
Subsection NF, Class 3, linear structures.

c. Maximum deflection of the lift platform and the lifter mount
under the apparent dead load shall comply with the limits set
forth in CMAA-70.

d. When the HI-TRAC transfer cask is stacked on the overpack,
H1I-TRAC shall be either held by the lifting device or laterally
restrained by the CTF structure. Furthermore, when the HI-
TRAC transfer cask is placed atop the overpack, the overpack
shall be laterally restrained from uncontrolled movement, if
required by the analysis specified in Subsection 2.3.3.1 .N.

e. The design of the lifting system shall ensure that the lift platform
(or lift frame) is held horizontal at all times and that the
symmetrically situated axial members are symmetrically loaded.

f. In order to minimize occupational radiation exposure to ISFSI
personnel, design of the MPC lifting attachment (viz., sling)
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should not require any human activity inside the HI-TRAC
cylindrical space.

g. The HI-TRAC lifter and MPC lifter shall possess design features
to avoid side-sway of the payload during lifting operations.

h. The lifter (HI-TRAC and MPG) design shall ensure that any
electrical malfunction in the motor or the power supply will not
lead to an uncontrolled lowering of the load.

i. The kinematic stability of HI-TRAC or HI-STORM standing
upright in an unrestrained configuration (if such a condition
exists during the use of the CTF) shall be analytically evaluated
and ensured under all postulated extreme environmental
phenomena loadings for the CTF facility.

iv. Shielding Surety:

The design of the HI-TRAC and MPC lifters shall preclude the potential
for the MPC to be removed, completely or partially, from the cylindrical
space formed by the HI-TRAC and the underlying overpack.

v. Specific Requirements for Mobile Cranes:

A mobile crane, if used in the CTF in the role of the HI-TRAC lifter or
MPC lifter is governed in part by ANSI/ASME N45.2.15 with technical
requirements specified in ANSI B30.5 (199.4).

When lifting the MPC from an overpack to the HI-TRAC transfer cask,
limit switches or load limiters shall be set to ensure that the mobile crane
is. prevented from lifting loads in excess of 110% of the loaded MPC
weight.

An analysis of the consequences of a potential MPC vertical drop which
conforms to the guidelines of Appendix A to NUREG-0612 shall be
performed. The analysis shall demonstrate that a postulated drop would
not result in the MPC experiencing a deceleration in excess of its design
basis deceleration specified in this FSAR.

vi. Lift Height Limitation: The HI-TRAC lift heights shall be governed by
the Technical Specifications.

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR Rev. 5
REPORT HI-2002444 2.3-12

HI-STORM 100 FSAR Revision 6; February 7, 2008



vii. Control of Side Sway: Procedures shall provide provisions to ensure that
the load is lifted essentially vertically with positive control of the load.
Key cask lifting and transfer procedures, as determined by the user,
should be reviewed by the Certificate Holder before their use.

D. Loads and Load Combinations for the CTF Structure

The applicable loadings for the CTF have been summarized in paragraph B in
the preceding. A stress analysis of the CTF structure shall be performed to
demonstrate compliance with the Subsection NF stress limits for Class 3 linear
structures for the service condition. germane to each load combination. Table
2.3.2 provides the load combinations (the symbols in Table 2.3.2 are defined in
the preceding text and in Table 2.2.13).

E. Materials and Failure Modes

1. Acceptable Materials and Material Properties: All materials used in the
design of the CTF shall be ASTM approved or equal, consistent with the
ITS category of the part. Reinforced concrete, if used, shall comply with
the provisions of ACI 318 (89).The material property and allowable
stress values for all steel structures shall be taken from the ASME and
B&PV Code, Section I1, wherever such data is available; otherwise, the
data provided in the ASTM standards shall be used.

ii. Brittle Fracture: All structural components in the CTF structure and the
lift platform designated as primary load bearing shall have an NDTT
equal to 0°F or lower, (consistent with the ductile fracture requirements
for ASME Section III, Subsection NF, Class 3 structures).

iii. Fatigue: Fatigue failure modes of primary structural members in the CTF
structure whose failure may result in uncontrolled lowering of the HI-
TRAC transfer cask or the MPC (critical members) shall be evaluated. A
minimum factor of safety of 2 on the number of permissible loading
cycles on the critical members shall apply.

iv. Buckling: For all critical members in the CTF structure (defined above),
potential failure modes through buckling under axial compression shall
be considered. The margin of safety against buckling shall comply with
the provisions of ASME Section III, Subsection NF, for Class 3 linear
structures.
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F. CTF Pad

A reinforced concrete pad in conformance with the specification for the ISFSI
pad set forth in this FSAR (see Table 2.2.9) may be used in the region of the
CTF where the overpack and HI-TRAC are stacked for MPC transfer.
Alternatively, the pad may be designed using the guidelines of ACI-318(89).

G. Miscellaneous Components

Hoist rings, turnbuckles, slings, and other appurtenances which are in the load
path during heavy load handling at the CTF shall be single-failure-proof.

H. Structural Welds.

All primary structural welds in the CTF structure shall comply with the
specifications of ASME Section III for Class 3 NF linear structures.

1. Foundation

The design of the CTF structure foundation and piers,. including load
combinations, shall be in accordance with ACI-318(89).

J. Rail Access

The rail lines that enter the Cask Transfer Facility shall be set at grade level
with no exposed rail tiesor hardware other than the rail itself.

K. Vertical Cask Crawler/Translocation Device.Access (If Required)

i. The cask handling bay in the CTF shall allow access of a vertical cask
crawler or translocation device carrying a transfer cask or overpack. The
building floor shall be equipped with a smooth transition to the cask
travel route such that the vertical cask crawler tracks do not have to
negotiate sharp: lips or slope transitions and the translocation devices
have a smooth transition. Grading of exterior aprons shall be no more
than necessary to allow water drainage.

ii. If roll-up doors are used, the roll up doors shall have no raised threshold
that could damage the vertical cask crawler tracks (if a crawler is used).

iii. Exterior aprons shall be of a material that will not be damaged by the
vertical cask crawler tracks, if a crawler is used.
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L. Facility Floor

The facility floor shall be sufficiently flat to allow optimum handling of
casks with a translocation device.

ii. Any floor penetrations, in areas where translocation device operations
may occur, shall be equipped with flush inserts.

iii. The rails; in areas where translocation device operations may occur shall
be below the finish level of the floor. Flush inserts, if necessary, shall be
sized for installation by hand.

M. Cask Connector Brackets

1. Primary lifting attachments between the cask and the lifting platform are
the cask connector brackets. The cask connector brackets may be
lengthened or shortened to allow for differences in the vehicle deck
height of the cask delivery vehicle and the various lifting operations.
The connector brackets shall be designed to perform cask lifting,
upending and downending functions. The brackets shall be designed in
accordance with ANSI N 14.6 [Reference.2.2.3] and load tested at 300%
of the load applied to them during normal handling.

ii. The connector brackets shall be equipped with a positive engagement to
ensure that the cask lifting attachments do not become inadvertently
disconnected during a seismic event and during normal cask handling
operations;

iii. The design of the connector brackets shallensure that the HI-TRAC
transfer cask is fully secured against slippage during MPC transfer
operations.

N. Cask Restraint System

A time-history analysis of the stacked overpack/HI-TRAC transfer cask
assemblage under the postulated ISFSI Level D events in Table 2.3.2 shall be
performed to demonstrate that a minimum margin of safety of 1.1 against
overturning or kinematic instability exists and that the CTF structure complies
with the applicable stress limits (Table 2.3.2) and that the maximum permissible
deceleration loading specified in the FSAR is not exceeded. If required to meet
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the minimum margin of safety of 1.1, a cask restraining system shall be
incorporated into the design of the Cask Transfer Facility to provide lateral
restraint to the overpack (HI-STORM or HI-STAR 100).

0. Design Life

The Cask Transfer Facility shall be constructed to have a minimum design life
of 40 years.

P. Testing Requirements

In addition to testing recommended in NUREG-0612 (1980), a structural
adequacy test of the CTF structure at 125% of its operating load prior toits first
use in a cask loading campaign shall be performed. This test should be
performed in accordance with the guidance provided in the CMAA Specification
70 [2.2.16].

Q. Quality Assurance Requirements

All components of the CTF shall be manufactured in fullcompliance with the
quality assurance requirements applicable to the ITS category of the component
as set forth in the Holtec QA program.

R. Documentation Requirements

O&M Manual:. An Operations and Maintenance Manual shall be
prepared which contains, at minimum, the following items of
information:

* Maintenance Drawings
* Operating Procedures

ii. Design Report: A QA-validated design report documenting full
compliance with the provisions of.this specification shall be prepared
and archived for future reference in accordance with the provisions of
the Holtec QA program.

2.3.3.2 Instrumentation

As a consequence of the passive nature of the HI-STORM 100 System, instrumentation which
is important to safety is not necessary. No instrumentation is required or provided for HI-
STORM 100 storage operations, other than normal security service instruments and TLDs.
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However, in lieu of performing the periodic inspection of the HI-STORM overpack vent
screens, temperature elements may be installed in two of the overpack exit vents to
continuously monitor the air temperature. If the temperature elements and associated
temperature monitoring instrumentation are used, they shall be designated important to safety as
specified in Table 2.2.6.

The temperature elements and associated temperature monitoring instrumentation provided to
monitor the air outlet temperature shall be suitable for a temperature range of -40'F to 500'F.
At a minimum, the temperature elements and associated temperature monitoring
instrumentation shall be calibrated for the temperatures of 32°F (ice point), 212'F (boiling
point), and 449°F (melting point of tin) with an accuracy of +/- 4°F.

2.3.4 Nuclear Criticality Safety

The criticality safety criteria stipulates that the effective neutron multiplication factor, keff,
including statistical uncertainties and biases, is less than 0.95 for all postulated arrangements of
fuel within the cask under all credible conditions.

2.3.4.1 Control Methods for Prevention of Criticality

The control methods and design features used to prevent criticality for all MPC configurations
are the following:

a. Incorporation of permanent neutron absorbing material in the MPC fuel basket
walls.

b. Favorable geometry provided by the MPC fuel basket

Additional control methods used to prevent criticality for the MPC-24, MPC-24E, and MPC-
24EF (all with higher enriched fuel), and the MPC-32 and MPC-32F are the following:

a. Loading of PWR fuel assemblies must be performed in water with a minimum
boron content as specified in Table 2.1.14 or 2.1.16, as applicable.

b. Prevention of fresh water entering the MPC internals.

Administrative controls and shall be used to ensure that fuel placed in the HI-STORM 100
System meets the requirements described in Chapters 2 and 6. All appropriate criticality
analyses are presented in Chapter 6.
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2.3.4.2 Error Contingency Criteria

Provision for error contingency is built into the criticality analyses performed in Chapter 6.
Because biases and uncertainties are explicitly evaluated in the analysis, it is not necessary to
introduce additional contingency for error.

2.3.4.3 Verification Analyses

In Chapter 6, critical experiments are selected which reflect the design configurations. These*
critical experiments are evaluated using the same calculation methods,, and a suitable bias is
incorporated in the reactivity calculation.

2.3.5 Radiological Protection

2.3.5.1 Access Control

As required by IOCFR72, uncontrolled access to the ISFSI is prevented through physical
protection means. A peripheral fence with an appropriate locking and monitoring system is a
standard approach to limit access. The details of the access control systems and procedures,
including division of the site into radiation protection areas, will be developed by the licensee

.(user) of the .ISFSI utilizing the HI-STORM 100 System.

2.3.5.2 Shielding

The shielding design is governed by 1OCFR72.104 and 1OCFR72.106 which provide radiation
dose limits forany real individual located at or beyond the nearest boundary of the controlled
area. The individual must not receive doses in excess of the limits given in Table 2.3.1 for
normal, off-normal, and. accident conditions.

The objective of shielding is to assure that radiation dose rates at key locations are as low as
practical in order to maintain occupational doses to operating personnel As Low As Reasonably
Achievable (ALARA) and to meet the requirements of 10 CFR 72.104 and 10 CFR 106 for dose
at the controlled area boundary. Three locations are of particular interest in the storage mode:

immediate vicinity of the cask
restricted area boundary
controlled area (site) boundary

Dose rates in the immediate vicinity of the loaded overpack are important in consideration of
occupational exposure. Conservative evaluations of dose rate have been performed and are
described in Chapter 5 based on the contents of the BWR and PWR MPCs permitted for storage
as described in Section 2.1.9. Actual dose rates in operation will be lower than those reported
in Chapter 5 for the following reasons:
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" The shielding evaluation model has a number ofconservatisms, as discussed in Chapter
5.

* No single cask will likely contain design basis fuel in each fuel storage location and the
full compliment of non-fuel hardware allowed by Section 2.1.9.

" No single cask will contain fuel and non-fuel hardware at the limiting burnups and.
cooling times allowed by Section 2.1.9.

Consistent with 10 CFR 72, there is no single dose rate limit established for the HI-STORM 100
System. Compliance with the. regulatory limits on occupational and controlled area doses is
performance-based, as demonstrated by dose monitoring performed.by each cask A design
objective for the maximum average radial surface dose rate has been established as 135
mrem/hr. Areas adjacent to the inletand exit vents which pass through the radial shield. are
limited to 135 mrem/hr. The average dose rate at the' top of the overpack is limited to below 60
mrem/hr. Chapter 5 of this FSAR presents the analyses and evaluations to establish HI-STORM
100 compliance with these design objectives.

Because of the passive nature of the HI-STORM 100 System, human activity related to the
system is infrequent and. of short duration. Personnel exposures, due to operational and
maintenance activities are discussed in Chapter 10. Chapter 10 also provides information
concerning temporary 'shielding. which may be utilized to reduce the personnel dose during
loading, unloading, transfer, and handling operations. The estimated occupational doses for
personnel comply with the requirements of 1OCFR2O0.

For the loading and unloadingof the HI-STORM overpack with the MPC, several transfer cask
designs are provided (i.e., HI-TRAC 125, HI-TRAC 100, HI-TRAC 100D and HI-TRAC
125D). The two 125 ton HI-TRAC provide better shielding than the HI-TRAC 100 D and 125D
'due to the increased shielding thickness and correspondinggreater weight. Provided the licensee
is capable of utilizing the 125 ton HI-TRAC, ALARAconsiderations would normally dictate
that the 125 ton' HI-TRAC should be used. However, sites may not be capable of utilizing the
125 ton HI-TRAC due to crane .capacity limitations, floor loading limitations, or other site-
specific considerations. As with other dose reduction-based plant activities, individual users

'who cannot accommodate the 125 ton HI-TRAC should perform a cost-benefit analysis of the
actions (e.g., plant modifications) that would be necessary' to. use the 125 ton Hi-TRAC. The
cost of the action(s) would be weighed against the value of the projected reduction in radiation
exposure and a decision made based on each plant's particular ALARA implementation
philosophy.

Dose rates at the restricted area and site boundaries shall be in accordance with applicable
regulations. Licensees shall demonstrate compliance with 1 OCFR72.104 and I OCFR72.106 for
the actual fuel being stored, the ISFSL storage array, and the controlled area boundary distances.
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The analyses presented in Chapters 5, 10, and 11 demonstrate that the HI-STORM 100 System
is capable of meeting the above radiation dose limits.

2.3.5.3 Radiological Alarm System

There are no credible events that could result in release of radioactive materials or increases in
direct radiation above the requirements of 1OCFR72.106.

2.3.6 Fire and Explosion Protection

There are no combustible or explosive materials associated with the HI-STORM 100 System.
No such materials would be stored within an ISFSI. However, for conservatism we have
analyzed a hypothetical fire accident as a bounding condition for HI-STORM 100. An
evaluation of the HI-STORM 100 System in a fire accident is discussed in Chapter 11.

Small overpressures may result from accidents involving explosive materials which are stored
or transported near the site. Explosion is an accident loading condition considered in Chapter
11.
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Table 2.3.1

RADIOLOGICAL SITE BOUNDARY REQUIREMENTS

BOUNDARY OF CONTROLLED AREA (m) (minimum) 100
NORMAL AND OFF-NORMAL CONDITIONS:

Whole Body (mrem/yr) 25
Thyroid (mrem/yr) 75
Any Other Critical Organ (mrem/yr) 25

DESIGN BASIS ACCIDENT:
• 5

TEDE (rem)

DDE + CDE to any individual organ or tissue (other 50

than lens of the eye) (rem)

Lens dose equivalent (rem) 15

Shallow dose equivalent to skin or any extremity
(rem)
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Table 2.3.2

Load Combinationst and Service Condition Definitions for the CTF Structure

Service Condition for
Section III of the ASME
Code for Definition of Comment

Allowable Stress

D* Level A All primary load bearing
members must satisfy Level

D+S Level A A stress limits.

D+Mtt+W,

D+F Factor of safety against
Level D overturning shall be> 1.1

D+E
or

D+Y

The reinforced concrete portion of the CTF structure shall also meet factored combinations of the
above loads set forth in ACI-318(89).

t This load may be reduced or eliminated based on a PRA for the CTF site.
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FIGURE 2.3.2; HI-TRAC UPENDING AND DOWNENDING ON A HEAVY-HAUL
TRANSPORT TRAILER

HI-STORM FSAR
REPORT HI-2002444

Rev. 0

HI-STORM 100 FSAR Revision 6; February 7, 2008



HI-TRAC
TRANSFER
CASK ]

HI-STDRM 100
0 VERPACK .

]

//7/777 ~/m~77/7
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2.4 DECOMMISSIONING CONSIDERATIONS

Efficient decommissioning of the ISFSI is a paramount objective of the HI-STORM 100 System.
The HI-STORM 100 System is ideally configured to facilitate rapid, safe, and economical
decommissioning of the storage site.

The MPC is being licensed for transport off-site in the HI-STAR 100 dual-purpose cask system
(Reference Docket No. 71-9261). No further handling of the SNF stored in the MPC is required
prior to transport to a licensed centralized storage facility or licensed repository.

The MPC, which holds the SNF assemblies is engineered to be suitable as a waste package for
permanent internment in a deep Mined Geological Disposal System (MGDS). The materials of
construction permitted for the MPC are known to be highly resistant to severe environmental
conditions. No carbon steel, paint, or coatings are used or permitted in the MPC. Therefore, the SNF
assemblies stored in the MPC should not need to be removed. However, to ensure a practical,
feasible method to defuel the MPC, the top of the MPC is equipped with sufficient gamma shielding
and markings locating the drain and vent locations to enable semiautomatic (orremotely actuated)
boring of the MPC lid to provide access to the MPC vent and drain. The circumferential welds of the
MPC lid closure ring can be removed by semiautomatic or remotely actuated means, providing
access to the SNF.

Likewise, the overpack consists of steel and concrete rendering it suitable for permanent burial.
Alternatively, the MPC can be removed from the overpack, and the latter reused for storage of other
MPCs.

In either case, the overpack would be expected to have no interior or exterior radioactive surface
contamination. Any neutron activation of the steel and concrete is expected to be extremely small,
and the assembly would qualify as Class A waste in a stable form based on definitions and
requirements in IOCFR61.55. As such, the material would be suitable for burial in a near-surface
disposal site as Low Specific Activity (LSA) material.

If the MPC needs to be opened and separated from the SNF before the fuel is placed into the MGDS,
the MPC interior metal surfaces will be decontaminated using, existing mechanical or chemical
methods. This will be facilitated by the MPC fuel basket and interior structures' smooth metal
surfaces designed to minimize crud traps. After the surface contamination is removed, the MPC
radioactivity will be diminished significantly, allowing near-surface burial or secondary applications
at the licensee's facility.

It is also likely that both the overpack and MPC, or extensive portions of both, can be further
decontaminated to allow recycle or reuse options. After decontamination, the only radiological
hazard the HI-STORM 100 System may pose is slight activation of the HI-STORM 100 materials
caused by irradiation over a 40-year storage period.
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Due to the design of the HI-STORM 100 System, no residual contamination is expected to be-left
behind on the concrete ISFSI pad. The base pad, fence, and peripheral utility structures will require
no decontamination or special handling after the last overpack is removed.

To evaluate the effects on the MPC and HI-STORM overpack caused by irradiation over a 40-year
storage period, the following analysis is provided. Table 2.4.1 provides the conservatively
determined quantities of the major nuclides after 40 years of irradiation. The calculation of the
material activation is based on the following:

Beyond design basis fuel assemblies (B&W 15xl 5, 4.8% enrichment, 70,000 MWD/MTU,

and five-year cooling time) stored for 40 years. A constant source term for 40 years was used
with no decrease in the neutron source term. This bounds the source term associated with
the limiting PWR burnup of 68,200 MWD/MTU.

Material quantities based on the drawings in Section 1.5.

A constant flux equal to the initial loading condition is conservatively assumed for the full

40 years.

Material activation is based on MCNP-4A calculations.

As can be seen from the material activation results presented in Table 2.4.1, the MPC and HI-
STORM overpack activation is very low, even including the very conservative assumption of a
constant flux for 40 years. The results for the concrete in the HI-STORM overpack can be
conservatively applied to the ISFSI pad. This is extremely conservative because the overpack shields
most of the flux from the fuel and,. therefore, the ISFSI pad will experience a minimal flux.

In any case, the HI-STORM 100 System would not impose any additional decommissioning
requirements on the licensee of the ISFSI facility per 1OCFR72.30, since the HI-STORM 100
System could eventually be shipped from the site.
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Table 2.4.1
MPC ACTIVATION

Nuclide Activity After 40-Year Storage
_ _ _ _ _ _ (Ci/m3)

54Mn 2.20e-3
55Fe 3.53e-3
59Ni 2.91 e-6
60 Co 3.11 e-4
63Ni 9.87e-5

Total 6.15e-3

HI-STORM OVERPACK ACTIVATION

Nuclide Activity After 40-Year Storage
(Ci/m

3 )

Overpack Steel
54Mn 3.62e-4

55Fe 7.18e-3

Total 7.18e-3

Overpack Concrete
39Ar 3.02e-6
41Ca 2.44e-7
54Mn 1.59e-7

"Fe 2.95e-5

Total 3.43e-5
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2.5 REGULATORY COMPLIANCE

Chapter 2 provides the principal design criteria related to structures, systems, and components
important to safety. These criteria include specifications regarding the fuel, as well as, external
conditions that may exist in the operating environment during normal and off-normal operations,
accident conditions, and natural phenomena events. The chapter has been written to provide
sufficient information to allow verification of compliance with 1OCFR72, NUREG-1536, and
Regulatory Guide 3.61. A more detailed evaluation of the design criteria and an assessment of
compliance with those criteria is provided in Chapters 3 through 13.
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APPENDIX 2.A

GENERAL DESIGN AND CONSTRUCTION REQUIREMENTS FOR THE ISFSI PAD
FOR HI-STORM IOOA

2.A.1 General Comments

As stated in Section 2.0.4, an ISFSI slab that anchors a spent fuel storage cask should be classified
as "important to safety." This classification of the slab follows from the provisions of IOCFR72,
which require that the cask system retain its capacity to store spent nuclear fuel in a safe
configuration subsequent to a seismic or other environmental event. Since the slab for anchored HI-
STORM deployment is designated as ITS, the licensee is required to determine whether the reactor
site parameters, including earthquake intensity and large missiles, are enveloped by the cask design
bases. The intent of the regulatory criteria is to ensure that the slab meets all interface requirements
of the cask design and the geotechnical characteristics of the ISFSI site.

This appendix provides general requirements for design and construction of the ISFSL concrete pad
as an ITS structure, and also establishes the framework for ensuring that the ISFSI design bases are.
clearly articulated. The detailed design of the ISFSI pad for anchored HI-STORM deployment shall
comply with the technical provisions set forth in this appendix.

2.A.2 General Requirements for ISFSI Pad

1. Consistent with the provisions ofNUREG- 1567 [2.0.6], all concrete work shall comply with
the requirements of ACI-349-97 [2.0.2].

2. All reinforcing steel shall be manufactured from high strength billet steel conforming to
ASTM designation A615 Grade 60.,

3. The ISFSI owner shall develop appropriate mixing, pouring, reinforcing steel placement,
curing, testing, and documentation procedures to ensure that all provisions of ACI 349-97
[2.0.2] are met.

4. The placement, depth, and design and construction of the slab shall take into account the
depth of the frost line at the ISFSI location. The casks transmit a very small amount of heat
into the cask pad through conduction. The American Concrete Institute guidelines on
reinforced concrete design of ground level slabs to minimize thermal and shrinkage induced
cracking shall be followed.
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5. General Requirements. for Steel Embedment: The steel embedment, excluding the pre-
tensioned anchorage studs, is required to follow the provisions stipulated in ACI 349-97
[2.0.2], Appendix B "Steel Embedment" and the associated Commentary on Appendix B, as
applicable. Later editions of this Code may be used provided a written reconciliation is
performed. An example of one acceptable embedment configuration is provided in Figure
2.A.1. Site-specific embedment designs may vary from this example, depending on the
geotechnical characteristics of the site-specific foundation. The embedment designer shall
consider any current, relevant test data in designing the pad embedment for HI-STORM
IOOA and HI-STORM IOOSA.

6. The ISFSI owner shall ensure. that pad design analyses; using interface loads provided in this
report, demonstrate that all structural requirements of NUREG-1567 and ACI-349-97 are
satisfied.

7. Unless the load handling device is designed in accordance with ANSI N 14.6. and
incorporates redundant drop protection features, the. ISFSI owner shall ensure that a
permissible cask carry height is computed for the site-specific pad/foundation configuration
such that the design basis deceleration set forth in this FSAR are not exceeded in the event of
a handling accident involving a vertical drop.

8. The ISFSI owner shall ensure that the pad/foundation configuration provides sufficient
safety margins for overall kinematic stability of the cask/pad/foundation assemblage.

9. The ISFSI owner shall ensure that the site-specific seismic inputs, established at the top
sUrface of the ISFSI pad, are bounded by theseismic inputs used as the design basis for:the
attachment components. If required, the ISFSI owner shall perform additional analyses to
ensure that the site-specific seismic event or durations greater than the design basis event
duration analyzed in this report, do not produce a system response leadingto structural
safety factors (defined as allowable stress (load) divided bycalculated stress (load)) less than
1.0. Table 2.0.5 and Table 2.2.8 provide the limiting values ofZPAs in the three orthogonal

• directions that must not be exceeded at an ISFSI site (onthe pad top surface) to comply with
the, general CoC for the HI-STORM 100A (and IOOSA) System. *

10. An ISFSI pad used to support anchored HI-STORM overpacks, unlike the case of free
standing overpacks, may experience tensile (vertically upward) anchorage forces in addition
to compression loads. The reinforcing steel (pattern and quantity) must be selected to meet
the demands of the anchorage forces under seismic and other environmental conditions that
involve destabilizing loadings (such as the large tornado missile defined in this FSAR).
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2.A.3 Steel Embedment for Anchored Casks

Figure 2.A. 1 shows a typical fastening arrangement for the HI-STORM 100A System. The details of
the rebars in the pad (which are influenced by the geotechnical characteristics of the foundation and
its connection to the underlying continuum) are not shown in Figure 2.A.I. Representative
dimensions of the embedment and anchorage system are provided in Table 2.A. 1.

The embedment detail illustrated in Figure 2.A.1 is designed to resist a load equal to the ASME
Code, Section III Appendix F Level D load capacity of the .cask anchor studs. The figure does not
show the additional reinforcement required to ensure that tensile cracking of concrete is inhibited
(see Figure B-4 in the Commentary ACI-349R-97) as this depends on the depth chosen for the ITS
.ISFSI pad concrete. The ACI Code contemplates ductile failure of the embedment steel and requires
that the ultimate load capacity of the steel embedment be less than the limit pullout strength of the
concrete surrounding the embedment that resists the load transferred from the cask anchor stud. If
this criterion cannot be assured, then additional reinforcement must be added to inhibit concrete
cracking (per Subsection B.4.4 of Appendix BofACI-349-97).

The anchor stud receptacle described in Figure 2.A.1 is configured so that the cask anchor studs
(which interface with the overpack basepiate as well as the pad embedment per Table 2.0.5 and are
designed in accordance with ASME Section III, Subsection NF stress limits), sits flush with the
ISFSI top surface while the cask is being positioned. Thus, a translocation device such as an "air
pad" (that requires a flat surface) can be used to position~the HI-STORM overpack at the designated
location. Subsequent to positioning of the cask, the cask anchor stud is raised, the anchor stud nut
installed,,and the anchor stud preload applied.The transfer of load from the cask anchor stud to the
embedment is through the bearing surface of the lower head of the cask anchor stud and the upper
part of the anchor stud receptacle shown in the figure. The members of the anchoring system
illustrated in. Figure. 2.A. 1, as well as other geometries developed by the ISFSI designer, must meet
the following criteria::

i. The weakest structural link in the system shall be in the ductile member. In other
Words, the tension capacity of the anchor stud/anchorreceptacle group (based on the
material ultimate strengths) shall be less than the concrete pull-out strength
(computed with due recognition of the rebars installed in the pad).

ii. The maximum ratio of embedment plus cask anchor stud effective tensile stiffness to
the effective compressive stiffness of the embedment plus concrete shall not exceed
0.25 in order to ensure the effectiveness of the pre-load.

iii. The maximum axial stress in the cask anchor studs under normal and seismic
conditions shall be governed by the provisions of ASME Section III Subsection NF
(1995).
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iv. The load-bearing members of the HI-STORM 100A anchorage system shall be
considered important-to-safety. This includes the following components shown in
Figure 2.A.I: anchor stud and nut, top ring, upper collar, anchor receptacle, and
anchor ring.

For sites with lower ZPA DBE events, compared to the limiting ZPAs set down in this FSAR, the
size of the anchor studs and their number can be appropriately reduced. However, the above three
criteria must be satisfied in all cases.
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Table 2.A.1

Typical Embedment and Anchoring Data*

Nominal diameter of the anchor stud, (inch) 2

Thickness of the embedment ring, (inch) 2

I.D. of the embedment ring, (inch) 130

Anchor receptacle:

Upper Position O.D. and I.D. (inch) O.D.: 2.5 / I.D.: 2.125 (min.)

Lower portion O.D. and I.D. (inch) O.D.: 4.875 / I.D.: 3.625 (min.)

Depth of anchor receptacle collar, d, (inch) 2.5.

Free fall height of the anchor stud, he,( inch) 8

Representative Materials of Construction are as follows:t

Anchor Studs: Per Table 2.0.4

Anchor Receptacle: Low carbon steel such as A-36, A-105

Top Ring, Upper Collar, Anchor Ring: Low carbon steel such as A-36,
SA-5 I 6-Gr. 70.

* Refer to Figure 2.A. 1

t The ISFSI designer shall ensure that all permanently affixed embedment parts (such as the anchor receptacle) made
from materials vulnerable to deleterious environmental effects (e.g. low carbon steel) are protected through the use
of suitably engineered corrosion barrier. Alternatively, the selected material of construction must be innately capable
of withstanding the long term environmental conditions at the ISFSI site.
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Appendix 2.B The Forced Helium Dehydration (FHD) System

2.B.1 System Overview

The Forced Helium Dehydration (FHD) system is used to remove the remaining moisture in the
MPC cavity after all of the water that can practically be removed through the drain line using a
hydraulic pump or an inert gas has been expelled in the water blowdown operation. The FHD
system is required to be used for MPCs containing at least one high burnup fuel assembly. The
FHD method of moisture removal is optional for all other MPCs.

Expelling the water from the MPC using a conventional pump or a water displacement method
using inert gas would remove practically all of the contained water except for the small quantity
remaining on the MPC baseplate below the bottom of the drain line and an even smaller adherent
amount wetting the internal surfaces. A skid-mounted, closed loop dehydration. system will be
used to remove the residual water from the MPC such that the partial pressure of the trace
quantity of water vapor in the MPC cavity gas is brought down to < 3 torr. The FHD system,.
engineered for this purpose, shall utilize helium gas as the working substance.

The FHD system, schematically illustrated in Figure 2.B.1, can be viewed as an assemblage of
four thermal modules, namely, (i) the condensing module, (ii) the demoisturizer module, (iii) the
helium circulator module and (iv) the pre-heater module. The condensing module serves to cool
the helium/vapor mixture exiting the MPC to a temperature well below its dew point such that
water may be. extracted from the helium stream. The condensing module is equipped with
suitable instrumentation to provide a direct assessment of the extent of condensation that takes
place in the module during the operation of the FHD system. The •demoisturizer module,
engineered to receive partially cooled helium~exiting the condensing module,. progressively chills.
the recirculating helium gas to a temperature that is well below the temperature corresponding to
the partial pressureof water vapor at 3 torr.

The motive energy to circulate helium is provided by the helium-circulator module, which is
sized to provide the pressure rise necessary to circulate, helium at the requisite rate. The last item,
labeled the pre-heater. module, serves to pre-heat the flowing helium to the desired temperature
such that it is sufficiently warmto boil off any water present in the MPC cavity.

The pre-heater module, in essence, serves to add supplemental heat energy to the helium gas (in
addition to the heat generated by the stored SNF in the MPG) so as to facilitate rapid conversion
of water into vapor form. The heat input from the pre-heater module can beadjusted in the
manner of a conventional electric heater so that the recirculating helium entering the MPC is
sufficiently dry and hot to evaporate water, but not unduly hot to place unnecessary thermal
burden on the condensing module.

The FHD system described in the foregoing performs its intended function by continuously
removing water entrained in the MPC through successive cooling, moisture removal and
reheating of the working substance in a closed loop. In a classical system of the FHD genre, the
moisture removal operation occurs in two discrete phases. In the beginning of the FHD system's
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operation (Phase 1), the helium exiting the MPC is laden with water vapor produced by boiling
of the entrained bulk water. The condensing module serves as the principal device to condense
out the water vapor from the helium stream in Phase 1. Phase I ends when all of the bulk water
in the MPC cavity is vaporized. At this point, the operation of the FHD system moves on to
steadily lowering the relative humidity and bulk temperature of the circulating helium gas (Phase
2). The demoisturizer module, equipped with the facility to chill flowing helium, plays the
principal role in the dehydration process in Phase 2.

2.B.2 Design Criteria

The design criteria set forth below are intended to ensure that design and operation of the FHD
system will drive the partial pressure of the residual vapor in the MPC cavity to < 3 torr if the gas
has met the specified temperature or dew point value and duration criteria. The FHD system
shall be designed to ensure that during normal operation (i.e., excluding startup and shutdown
ramps) the following criteria are met:

i. The temperature of helium gas in the MPC shall be at least 15'F higher than the
saturation temperature at coincident pressure.

1ii. The pressure in the MPC cavity space shall be less than or equal to 60.3 psig (75
psia).

ill. The recirculation rate of helium shall be sufficiently high (minimum hourly
throughput equal to ten times the nominal helium mass backfilled into the MPC for
fuel storage operations) so as to produce a turbulated flow regime in the MPC cavity..

iv. The partial pressure of the water vapor in the MPC cavity will not exceed 3 torr. The
limit will be met if the gas temperature at the demoisturizer outlet is verified by
measurement to remain _< 21°F for > 30 minutes or if the dew point of the gas exiting
the MPC is verified by measurement to remain < 22.9 0F for > 30 minutes.

In addition to the above system design criteria, the individual modules shall be designed in
accordance with the following criteria:

i. The condensing module shall be designed to de-vaporize the recirculating helium gas
to a dew point of 120°F or less.

ii. The demoisturizer module shall be configured to be introduced into its helium
conditioning function after the condensing module has been operated for the required
length of time to assure that the bulk moisture vaporization in the MPC (defined as
Phase 1 in Section 2.B.1) has been completed.

iii. The helium circulator shall be sized to effect the minimum flow rate of circulation
required by the system design criteria described above.
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iv. The pre-heater module shall be engineered to ensure that the temperature of the
helium gas in the MPC meets the system design criteria described above.

2.B.3 Analysis Requirements

The design of the FHD system shall be subject to the confirmatory analyses listed below to
ensure that the system will accomplish the performance objectives set forth in this FSAR.

i. System thermal analysis in Phase 1: Characterize the rate of condensation in the
condensing module and helium temperature variation under Phase 1 operation
(i.e., the scenario where there is some unevaporated water in the MPC) using a'
classical thermal-hydraulic model wherein the incoming helium is assumed to
fully mix with the moist helium inside the MPC.

ii. System thermal analysis in Phase 2: Characterize the, thermal performance of the.
closed loop system in Phase 2 (no unvaporized' moisture in the MPC) to predict
the rate of condensation and temperature of the helium gas exiting the condensing
and the demoisturizer modules. Establish that the system design is capable to
ensure that partial pressure of water vapor in the MPC will reach < 3 torr if the
temperature of the helium gas exiting the demoisturizer is predicted .to be at a
maximum of 21°F for 30 minutes.

iii. Fuel Cladding Temperature Analysis: A steady-state thermal analysis of the MPC
under the forced helium flow scenario shall be performed using the methodology
described in HI-STORM 100 FSAR Subsections 4.4.1.1.1 through 4.4.1.1.4 with
due recognition of the forced convection process during FHD system operation.
This analysis shall demonstrate that the peak temperature of the fuel cladding
under 'the most adverse condition of FHD system operation (design maximum
heat load, no• 'moisture, and maximum helium inlet temperature), is below the
peak, cladding temperature limit for normal conditions of storage for the
applicable fuel type (PWR or BWR) and cooling time at the start of dry storage.

2.B.4 Acceptance Testing

The first FHD system designed and built for the MPC drying function required by HI-STORM's
technical specifications shall be subject to confirmatory testing as follows:

a.. A representative quantity of water shall be placed in a manufactured MPC (or
equivalent mock-up) and the closure lid and RVOAs installed and secured to create a
hermetically sealed container.

b. The MPC cavity drying test shall be conducted for the worst case scenario (no heat
generation within the MPC available to vaporize water).
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c. The drain and vent line RVOAs on the MPC lid shall be connected to the terminals
located in the pre-heater and condensing modules of the FHD system.

d. The FHD system shall be operated through the moisture vaporization (Phase 1) and
subsequent dehydration (Phase 2). The FHD system operation will be stopped after
the temperature of helium exiting the demoisturizer module has been at or below 21°F
for thirty minutes (nominal). Thereafter, a sample of the helium gas from the MPC
will be extracted and tested to determine the partial pressure of the residual water
vapor in it. The FHD system will be deemed to have passed the acceptance testing if
the partial pressure in the extracted helium sample is less than or equal to 3 torr.
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Appendix 2.C

The Supplemental Cooling System

2.C.1 Purpose

The Supplemental Cooling System (SCS) will be utilized, as necessary, to maintain the peak fuel
cladding temperature below the limit set forth in Chapter 2 of the FSAR during normal short-
term operations (as defined in Section 2.2).

2.C.2 General Description and Requirements

The SCS is a water circulation system for cooling the MPC inside the'HI-TRAC transfer cask.
during on-site transport. The system consists of a skid-mounted coolant pump and an air-cooled
heat exchanger. During normal SCS operation, heat is removed by water from the. HI-TRAC
annulus and rejected to the heat sink (ambient air) across the air cooler heat exchange surfaces.
The SCS shall be designed to meet the following criteria:

(i) The pump is sized to limit the coolant temperature rise (from annulus inlet to outlet)
to a reasonably low value (20'F) and the air-cooled heat exchanger sized for the
design basis heat load at an ambient air temperature of 100°F. The pump and air-
cooler fan are powered by electric motors with a backup power supply .for
uninterrupted operation.

(ii) The closed loop cooling circuit will utilize a contamination-free fluid medium in
contact with the external surfaces of the MPC and inside surfaces of the HI -TRAC
transfer cask to minimize corrosion.Figure 2.C.I shows a typical P&ID for a SCS.

(iii) The number of active components in the SCS will be minimized.

(iv) All passive components such as tubular heat exchangers, manually operated valves
* and fittings shall be designed to applicable standards (TEMA, ANSI).

2.C.3 Thermal/Hydraulic Design Criteria

(i) The heat dissipation capacity of the SCS shall be equal to or greater than the
minimum necessary to ensure that the peak cladding temperature is. below the ISG-
11, Rev. 3 limit of 400'C (752°F). All heat transfer surfaces in heat exchangers shall
be assumed to be fouled to the maximum limits specified in a widely used heat
exchange equipment standard such as the Standards of Tubular Exchanger
Manufacturers Association.

(ii) The coolant utilized to extract heat from the MPC shall be high purity water. Anti-
freeze may be used to prevent water from freezing if warranted by operating
conditions.
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2.C.4 Mechanical Requirements

(i) All pressure boundaries (as defined in the ASME Boiler and Pressure Vessel Code,
Section VIII Division 1) shall have pressure ratings that are greater than the
maximum system operating pressure by at least 15 psi.

(ii) All ASME Code components shall comply with Section VIII Division I of the ASME
Boiler and Pressure Vessel Code.

(iii) Prohibited Materials

The following materials will not be in contactwith the system coolant in the SCS.

* Lead
* Mercury
* Sulfur
* Saran
* Silastic L8-53

* Cadmium
* Tin
* Antimony
* Bismuth
* Mischmetal
* Neoprene or similar gasket materials made of halogen containing elastomers
* Phosphorus
0 Zinc

o Copper and Copper Alloys
o Rubber-bonded asbestos
9 Nylon
o Magnesium_ oxide (e.g., insulation)
o Materials that contain halogens in amounts exceeding 75•ppm

(iv) All gasketed and packed joints shall have a minimum design pressure rating of the
pump shut-off pressure plus 15 psi.

(v) The SCS skid shall be equipped with appropriate lifting lugs.to permit its handling by
the plant's lifting devices in full compliance with NUREG-0612 provisions.

2.C.5 Regulatory Requirements

The SCS is classified as Important-to-Safety Category B.
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SUPPLEMENT 2.1

(This Section Reserved for Future Use)
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SUPPLEMENT 2.H

PRINCIPAL DESIGN CRITERIA FOR THE HI-STORM 100 SYSTEM FOR IPn

2.11.0 OVERVIEW OF THE PRINCIPAL DESIGN CRITERIA

General

A description of the HI-STORM 100 System as expanded for Indian Point Unit 1 (IPI) is provided
in Supplement 1.11. The design criteria presented in Section 2.0 for all components are applicable to
the HI-STORM 100 System at IPI unless otherwise noted below. Drawings of the components
shortened for IP1 (HI-STORM IOS Version B, MPC-32, and HI-TRAC IOOD Version IP1) are
provided in Section 1.5.

Thermal

The MPC-32 for IPI is designed for a bounding uniformly distributed thermal source term.
Regionalized fuel loading is not considered inthe MPC-32 for IP1.

Shielding

The HI-TRAC 100D Version IPI transfer cask provides shielding to maintain occupational
exposures ALARA in accordance with I OCFR20, while also maintaining the maximum load on the
plant's crane hook to below 75 tons.

2.11.1 SPENT FUEL TO BE STORED

IPI fuel is authorized for loading into the IP1 MPC-32 as outlined in this supplement. The
requirements in this supplement. supersede the requirements in Chapter 2 for the MPC-32 for
array/class 14x !4E. Requirements from Chapter 2 that are not superseded in this supplement remain
in effect,.

Table 2.1.3 in Chapter 2 provides the acceptable fuel characteristics ýfor the IPI fuel assemblies,
array/class.14xl4E, for storage in the HI-STORM 100 System.

2.11.1.1 Intact SNF, Damaged SNF, and Fuel Debris Specifications

Fuel debris from Indian Point Unit 1 is not authorized for storage in the IPI MPC-32 or IP1 MPC-
32F. Section 2.11.1.4 specifies the acceptable limits for IPI fuel assemblies to be stored in the IPI
MPC-32 or MPC-32F.

In order to simplify the fuel selection and fuel placement in an MPC-32 or MPC-32F at IP1, all IP1
fuel assemblies are required to be stored in a damaged fuel container (DFC). Figure 2.11.1 describes
the Holtec designed damaged fuel container for IPI fuel.
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Since the MPC-32 and MPC-32F for IPI have been shortened, fuel spacers will not be necessary
inside the MPC.

2.11.1.2 Radiological Parameters for Design Basis SNF

Indian Point Unit I used Antimony-Beryllium as a secondary source during reactor operations.
These secondary source devices were installed in' the fuel assemblies and replaced a single fuel rod.
Supplement 5.11 discusses the acceptability of storing these devices.

2.11.1.3 Criticality Parameters for Design Basis SNF

The minimum 1°B areal density in the neutron absorber panels for each MPC model is shown in
Table 2.1.15 in Chapter 2..

The criticality analyses for the IPI. specific MPC-32 and MPC-32F were performed without credit
for soluble boron in the MPC water during wet loading and unloading operations. Therefore the
required soluble boron level in the IPI MPC-32 or MPC-32F water is 0 ppmb.

2.11.1.4 Summary of Authorized Contents

Table 2.11.1 specifies the limits for Indian Point Unit 1 fuel, array/class 14xl4E, for storage in the
IPI MPC-32 and MPC-32F. The limits in these tables are derived from the safety analyses described
in the following chapters and supplements of this FSAR. All IPI fuel assemblies classified as intact
or damaged must be stored in damaged fuel containers for storage in the IPI MPC-32 and IP1 MPC-
32F.. Indian Point Unit I fuel debris is not permitted for storage in these MPCs.

2.11.2 HI-STORM 100 DESIGN CRITERIA

2.11.2.1 Handling Accident

A loaded HI-STORM IOOS Version B overpack containing Indian Point Unit 1 fuel will be lifted so
that the bottom of the cask is at a height less than the vertical lift limit (see Table 2.11.2) above the
ground. The use of lifting devices designed in accordance with ANSI N14.6 having redundant drop
protection features to lift the loaded overpack will eliminate the lift height limit. The lift height limit
is dependent on the characteristics of the impacting surface, which are specified in Table 2.2.9 in
Chapter 2. For site-specific conditions, which are not encompassed by Table 2.2.9, the licensee shall
evaluate the site-specific conditions to ensure that the drop accident loads do not exceed 45 g's. Even
if the site specific conditions are encompassed by Table 2.2.9, the licensee may choose to determine
a site specific drop height which ensures that the drop accident loads do not exceed 45 g's. The
methodology used in this alternative analysis shall be commensurate with the analyses in Appendix
3.A and shall bereviewed by the Certificate Holder.

The loaded HI-TRAC 100D Version IP1, when lifted in the vertical position outside of the Part 50
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facility shall be lifted with devices designed in accordance with ANSI N14.6 and having redundant
drop protection features unless a site-specific analysis has been performed to determine a vertical lift
height limit. Horizontal lifting of a loaded HI-TRAC 100D Version IPI is not permitted.

2.11.3 SAFETY PROTECTION SYSTEMS

Same as in Section 2.3.

2.11.4 DECOMMISSIONING CONSIDERATIONS

Same as in Section 2.4.

2.11.5 REGULATORY COMPLIANCE

Same as in Section 2.5.
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Table 2.11.1

LIMITS FOR MATERIAL TO BE STORED IN IPI MPC-32 OR IPI MPC-32F

PARAMETER VALUE

Fuel Type Uranium oxide, PWR intact and damaged fuel
-assemblies meeting the limits in Table 2.1.3 for the
array/class 14x 14E

Cladding Type Stainless Steel (SS)

Maximum Initial Enrichment per As specified in Table 2.1.3 for the array/class 14x I 4E
Assembly

Post-irradiation Cooling Time and > 30 years and
Average Burnup per Assembly < 30,000 MWD/MTU

Decay Heat Per Fuel Storage < 250 Watts
Location

Other Limits U Quantity is limited to up to 32 PWR intact
fuel assemblies and/or damaged fuel
assemblies.

* Both intact and damaged fuel assemblies
must be stored in a damaged fuel container.

* Fuel debris is not permitted forstorage in IPl
MPC-32 or IP1 MPC-32F.

* Each fuel assembly may contain a single
Antimony-Beryllium secondary source that
replaces- a fuel rod. .
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Table 2.11.2

ADDITIONAL DESIGN INPUT DATA FOR ACCIDENT CONDITIONS

Item Condition Value

Vertical Lift Height Limit for a HI-STORM IOOS
Version 13 Overpack Loaded With Indian Point Accident 8t
Unit I Fuel (in.)

HI-TRAC 100D Version IPI Transfer Cask Accident Not permitted
Horizontal Lift Height Limit (in.)

For ISFSI and subgrade design parameter Sets A and B specified in Table 2.2.9 of Chapter 2. Users may also
develop a site-specific lift height limit.
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NOTES:
1. ALL DIMENSIONS ARE IN INCHES AND ARE APPROXIMATE.
2. ALL MATERIAL IS STAINLESS STEEL.
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FIGURE 2.11.1; HOLTEC IP1 DAMAGED FUEL CONTAINER
FOR PWR SNF IN MPC-32/32F
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