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CHAPTER It: GENERAL DESCRIPTION

1.0 GENERAL INFORMATION

This Final Safety Analysis Report (FSAR) for Holtec International's HI-STORM 100 System is a
compilation ofinfonnation 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
inlOCFR72 [1.0.1]. This FSAR describes the basis for NRC approval and issuance ofa Certificate
of Compliance (C ofC) for storage under provisions of lOCFR72, SubpartL, 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 fonnat and content suggested in NRC
Regulatory Guide 3.61 [1.0.2] and NUREG-1536 Standard Review Plan for Dry Cask Storage
Systems [1.0.3J 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 ofthe terminology and notation used in tIllS FSAR.

To aid NRC review, additional tables and references have been added to facilitate the location of
infonnation requested by NUREG-1536.Table 1.0.2 provides a matrix of the topics in NUREG
1536 and Regulatory Guide 3.61, the corresponding lOCFR72 requirements, anda reference to the
applicable FSAR section that addresses each topic.

The HI-STORM 100 FSAR is in full compliance with the intent ofall regulatory requirements listed
in Section III ofeach chapter ofNUREG-1536. However, an exhaustive review ofthe 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 ofall such items,
along with a discussion oftheir intent and Holtec International's approach for compliance with the
underlying intent is presented in Table 1.0.3 herein. Table 1.0.3 also contains the justification for the
alternative method for compliance adopted in this FSAR. The justification may be in the fonn of a
supporting analysis, established industry practice, or other NRC guidance documents. Each chapter
in this FSAR provides a clear statement with respect to the extent of compliance to the NUREG
1536 provisions. Chapter 1 is in full compliance with NUREG-1536; no exceptions are taken.

t This chapter has been prepared in the fonnat and section organization set forth in Regulatory Guide 3.61.
However, the material content ofthis chapter also fulfills the requirements ofNUREG-1536. Pagination
and numbering of sections, figures, and tables are consistent with the convention set down in Chapter I,
Section 1.0, herein. Finally, all tenns-of-art used in this chapter are consistent with the tenninology ofthe
glossary (Table 1.0.1) and component nomenclature of the BilJ-of-Ivraterials (Section 1.5).
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The generic design basis and the corresponding safety analysis of the HI-STORM 100 System
contained in this FSAR are intended to bound the SNF characteristics, design, conditions, and
interfaces that exist in the vast majority of domestic power reactor sites and potential away-from
reactor storage sites in the contiguous United States. This FSAR also provides the basis for
component fabrication and acceptance, and the requirements for safe operation and maintenance of
the components, consistent with the design basis and safety analysis documented herein. In
accordance with 1OCFR72, Subpart K, site-specific implementation ofthe generically certified HI
STORM 100 System requires that the licensee perfonn a site-specific evaluation, as defined in
1OCFR72.212. The HI-STORM 100 System FSAR identifies a limited number ofconditions that are
necessarily site-specific and are to be addressed in the licensee's lOCFR72.212 evaluation. These
include:

• Siting of the ISFSI and design of the storage pad (including the embedment for
anchored cask users) and security system. Site-specific demonstration ofcompliance
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.

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

It 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 lOCFR50
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.

• Perfonnance of pre-operational testing.

It Implementation of a safeguards and accountability program in accordance with
lOCFR73. Preparation ofa physical security plan inaccordance with 10CFR73.55.

• Review of the reactor emergency plan, quality assurance (QA) program, training
program, and radiation protection program.
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The generic safety analyses contained in the HI-STORM 100 FSAR may be used as input and for
guidance by the licensee in performing a 10CFR72.2l2 evaluation.

Within tIils 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 atthe same revision level as the drawing(s) to wmch 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 fonnal updates to the FSAR. Therefore, the revisions of drawings/BOMs in
Section 1.5 may not be current.

Through revision 3 of this FSAR, discussions and specific analyses were presented that described
and evaluated MPC designs called the MPC-24EF, MPC-32F, and MPC-68FF. These designs
contained features required to classify them as secondary containments, pennitting transportation of
fuel debris under the auspices of 10 CFR 71, and were the only MPC designs allowed to be loaded
with fuel debris. Recent changes to 10 CFR 71 have eliminated the need for secondary containment
offuel debris, so the non-F type MPCs (i.e., MPC-24E, MPC-32 and MPC-68) can nowaccept fuel
debris. Any contents that used to require loading into an MPC-24EF, MPC-32F or MPC-68FF may
therefore now be loaded in an MPC-24E, MPC-32or MPC-68, respectively.

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 lOCFR72.48 evaluations, if
applicable) listed in the following table are reflected in Revision 7 of tms FSAR.

LIST OFECO'S AND APPLICABLE lOCFR72.48 EVALUATIONS

Affected Item ECONumber 72.48 Evaluation or
Screening Number

MPC-68/68F/68FF Basket 1021-97 882 I
MPC-24/24E/24EF Basket 1022-76 882

MPC-32 Basket 1023-54 N/A
1023-55 882

MPC Enclosure Vessel 1021-96, 1022-75, 1023-54 N/A
1021-95, 1022-74, 1023-52 868
1021-99,1022-78, 1023-57 885 I
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HI-STORM Overpack 1024-142 N/A I
HI-TRAC 100 and 100D

Transfer Cask
- -

HI-TRAC 125 and 125D
1025-57 869 ITransfer Cask

General FSAR Changes 5014-136 N/A I
5014-153 872
5014-154 869
5014-155 N/A
5014-156 878
5014-159 884
5014-161 885

1.0.2 Design Compatibility of Licensed HI-STORM 100 System Components

Each of the licensed HI-STORM 100 System components (i.e., the MPC, overpack, and transfer
cask), if fabricated in accordance with any of the approved CoC Amendments, may be used with
one another provided an assessment is performed by the CoC holder that demonstrates design
compatibility.

The following certified HI-TRAC transfer casks have been determined to have design
compatibility and may be used with the MPCs and overpacks fabricated in accordance the with
the CoC #1014 amendments as listed in the table below:
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HI-TRAC Design Compatibility
HI-TRAC Model Program Number Serial Number Applicable CoC

Amendments
125 1025 001 0,1,2,3,4,5
125 1025 002 0,1,2,3,4,5
125D 1025 003 1,2,3,4,5
125D 1025 004 1,2,3,4,5
125D 1025 005 2,3,4,5
125D 1025 007 1,2,3,4,5
125D 1025 008 1,2,3,4,5
125D 1025 009 2,3,4,5
100 1026 001 0,1,2,3,4,5
100D 1026 003 2,3,4,5
100D 1026 004 2,3,4,5
100D 1026 005 2,3,4,5
100D 1026 006 2,3,4,5
100D Version IP 1 1026 008 4
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Table 1.0.1

TERMINOLOGY AND NOTATION

ALARA is an acronym for As Low As Reasonably Achievable.

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

Boral™ means Boral manufactured by AAR Advanced Structures.

BWR is an acronym for boiling water reactor.

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

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

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

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

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

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

Critical Characteristic means a feature ofa component or assembly that is necessary for the proper
safety function of the component or assembly. Critical characteristics of a material are those
attributes that have been identified, in the associated material specification, as necessary to render
the material's intended function.

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 cmIDot
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Table 1.0.1 (continued)

TERMINOLOGY AND NOTATION

be handled by n01111al means. Fuel assemblies that Calmot be handled by nonnal 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 pennits gaseous and liquid media to escape while minimizing dispersal of gross
particulates.

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

Design Life is the minimum duration for which the component is engineered to perfonn its intended
function set f011h 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 lOCFR72 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 ofdesign 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 ofthe HI-STORM 100 System. The FSAR serves as
the Design Specification for the HI-STORM 100 System.

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

Equivalent (or Equal) Material is a material with critical characteristics (see definition above) that
meet or exceed those specified forthe designated material.

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

FSAR is an acronym for Final Safety Analysis Report (lOCFR72).

Fuel Basket means a honeycombed structural weldment with square openings which can accept a
fuel assembly of the type for which it is designed.
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Table 1.0.1 (continued)

TERMINOLOGY AND NOTATION

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

ID-TRAC transfer cask or ID-TRAC means the transfer cask usedto 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 perfonned 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-IOO), the 100-ton dual
purpose lid design (HI-TRAC 100D). The 100-ton HI-TRAC is provided for use at sites with a
maximum crane capacity ofless than 125 tons. The ternl 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 trmmions and the HI-TRAC 100 and HI
TRAC 125 designs also include pocket trunnions. The trunnions are used to liftand 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 tlus FSAR refers to all overpack designs, including the
standarddesigl1 (HI-STORM 100) and two altel11atedesigns (HI-STORM 100S and HI-STORM
100S Version B). The term "overpack" also applies to those overpacks designed for high seismic
deployment (HI-STORM 100A or HI-STORM 100SA), unless otherwise clarified.

HI-STORM 100 System consists ofany 10adedMPC model placed within any design variant ofthe
HI-STORM overpack.

Holtite™ is the trade name for all present and future neutron shielding materials fonnulated under
Holtec International's R&Dprogram dedicated to developing shielding materialsfor application in
dry storage and tral1sportsystems. The Holtite development program is an ongoing experimentation
effort to identify neutron shielding materials. with enhanced shielding and temperature tolerance
characteristics. Holtite-ATM is the first and only shielding material qualified under the Holtite R&D
program. As such, the terms Holtite and Holtite-A may be used interchangeably throughout this
FSAR.

Holtite™-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;
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Table 1.0.1 (continued)

TERMINOLOGY AND NOTATION

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 ofspent nuclear fuel and other radioactive materials associated with
spent fuel storage in accordance with 1OCFR72.

Intact Fuel Assembly is defined as a fuel assembly without known 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 begiIming after on-site handling is complete and the loaded
overpack is at rest in its designated storage location onthe ISFSI pad and lasting up to the end ofthe
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.

MGDSis an acronym for Mined Geological Disposal System.

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

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

Multi-Purpose Canister (MPC) means the sealed canister consisting ofa honeycombed fuel basket
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Table 1.0.1 (continued)

TERMINOLOGY AND NOTATION

for spent nuclear fuel storage, contained in a cylindrical canister shell (the MPC Enclosure Vessel).
There are different MPCs with different fuel basket geometries for storing PWR or BWR fuel, but
all MPCs have identical exterior diameters. The MPC is the confinement boundary for storage
conditions.

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

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

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

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

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

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

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

PWR is an acronym for pressurized waterreactor.

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
ofuniform fuelloading wherein the storage locations are ascribed to two distinct regions each with
its own maximum allowable specific heat generation rate. Regionalized fuel loading does not
apply to the MPC-68F model.

SARis an acronym for Safety Analysis Report (lOCFR7l).

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 ofthe conservatism inherent in the
codes, standards, and procedures used to design, fabricate, operate, and maintain the component.
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Table 1.0.1 (continued)

TERMINOLOGY AND NOTATION

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

Single Failure Proof means that the handling system is designed so that all directly loaded tension
and compression members are engineered to satisfy the enhanced safety criteria of Paragraphs
5. 1.6(l)(a) and (b) ofNUREG-06l2.

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 defmed 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 nonnal temperature and the peak fuel cladding temperature (PCT) at 400°C.

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

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

ZPA is an acronym for zero period acceleration.

ZR means any zirconium-based fuel cladding material authorized for use in a commercial nuclear
power plant reactor. Any reference to Zircaloy fuel cladding in this FSAR applies to any zirconium
based fuel cladding material.
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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- 10CFR72 HI-STORM

Section and Content 1536 Review Criteria or 10CFR20 FSAR
Requirement

1. General Description
1.1 Introduction 1.IIL1 General Description 1OCFR72.24(b) 1.1

& Operational
Features

1.2 General Description 1.III.l General Description 10CFR72.24(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 I.IILI General Description 10CFR72.24(b) 1.2.2
Features & Operational

Features
1.2.3 Cask 1.III.3 DCSS Contents lOCFR72.2(a)(1) 1.2.3

Contents 10CFR72.236(a)
1.3 Identification of I.IIIA Qualification of the 10CFR72.24U) 1.3

Agents & Contractors Applicant 10CFR72.28(a)
104 Generic Cask Arrays I.IILI General Description 10CFR72.24(c)(3) 104

& Operational
Features

1.5 Supplemental Data I.IIL2 Drawings 1OCFR72.24(c)(3) 1.5
NA l.III.6 Consideration of 10CFR72.230(b) 1.1

Transport 1OCFR72.236(m)
Requirements

NA 1.III.5 Quality Assurance 1OCFR72.24(n) 1.3
2. Principal Desi2n Criteria

2.1 Spent Fuel To Be 2.IIL2.a Spent Fuel 10CFR72.2(a)(I) 2.1
Stored Specifications 10CFR72.236(a)

2.2 Design Criteria for 2.III.2.b External
Environmental Conditions, 10CFR72.122(b) ..., ...,

.:....~

Conditions and 2.III.3.h Structural,
Natural Phenomena 2.III.3.c Thennal 10CFR72.122(c) 2.2.3.3,2.2.3.10

1OCFR72.122(b)
(1) 2.2
10CFR72.122(b)
(2) 2.2.3.11
10CFR72.122(h)
(1) 2.0

2.2.1 Tornado and 2.III.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

") ") ") Water Level 2.m.2.b External Conditions 1OCFR72, 122(b) 2.2.3.6~."""'.""

(Flood) (2)
2.m.3.b Structural

2.2.3 Seismic 2.III.3.b Structural 10CFR72.102(f) 2.2.3.7
lOCFR72.122(b)
(2)

2.2.4 Snow andIce 2.m.2.b External Conditions lOCFR72.122(b) 2.2.1.6

2.m.3.b Stmctural
2.2.5 Combined 2.III.3.b Structural IOCFR72.24(d) 2.2.7

Load IOCFR72.122(b)
(2)(ii)

NA 2.m.l Stmctures, Systems, IOCFR72.122(a) 2.2.4
and Components lOCFR72.24(c)(3)
Important to Safety

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

1OCFR72.24(c)(4)
10CFR72.120(a)
lOCFR72.236(b)

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

NA 2.m.3f Operating 1OCFR72.24(f) 10.0,8.0
Procedures 10CFR72.128(a)

(5)
lOCFR72.236(h) 8.0

10CFR72.24(1)(2) 1.2.1,1.2.2

lOCFR72.236(l) 2.3.2.1

1OCFR72.24(e) 10.0,8.0
1OCFR72.1 04(b)

2.III.3.g Acceptance lOCFR72.122(l) 9.0
Tests & lOCFR72.236(g)
Maintenance 10CFR72.122(f)

10CFR72.128(a)
(1)

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

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

Applicable
Regulatory Guide 3.61 Associated NUREG- lOCFR72 HI-STORM
Section and Content 1536 Review Criteria or 10CFR20 FSAR

Requirement
2.3.1 General -- -- 2.3
2.3.2 Protection by 2.III.3.b Stmctural 10CFR72.236(1) 2.3.2.1

Multiple
2.III.3.c Thermal 10CFR72.236(f) 2.3.2.2ConfInement

Barriers and 2.llI.3.d Shielding/ 10CFR72.126(a) 2.3.5.2
Systems ConfInement/ 10CFR72.128(a)

Radiation (2)
Protection 10CFR72.128(a) 2.3.2.1

(3)
10CFR72.236(d) 2.3.2.1,2.3.5.2

10CFR72.236(e) 2.3.2.1

2.3.3 Protection by 2.llI.3.d Shielding/ 10CFR72.122(h) 2.3.5
Equipment & ConfInement/ (4)
Instmment Radiation 10CFR72.122(i)
Selection Protection lOCFR72.l28(a)

(1)

2.3.4 Nuclear 2.III.3.e Criticality
Criticality 1OCFR72.124(a) 2.3.4,6.0
Safety 10CFR72.236(c)

1OCFR72.124(b)
2.3.5 Radiological 2.III.3.d Shielding/ 1OCFR72.24(d) 10.4.1

Protection ConfInement! 10CFR72.104(a)
Radiation lOCFR72.236(d)
Protection 1OCFR72.24(d) 10.4.2

1OCFR72.106(b)
10CFR72.236(d)
10CFR72.24(m) 2.3.2.1

2.3.6 Fire and 2.III.3.b Stmctural 1OCFR72.l22(c) 2.3.6,2.2.3.10
Explosion
Protection

2.4 Decommissioning 2.III.3.h Decommissioning 10CFR72.24(f) 2.4
Considerations 10CFR72.130

1OCFR72.236(h)
l4.llI.l Design 10CFR72.130 2.4
l4.III.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.III.3 Financial 10CFR72.30 (I)

Assurance &
Record Keeping

14.III.4 License lOCFR72.54 (I)

Termination
3. Structural Evaluation

3.1 Struchlral Design 3.III.1 SSC Important to lOCFR72.24(c)(3) 3.1
Safety 1OCFR72.24(c)(4)

3.III.6 Concrete Structures lOCFR72.24(c) 3.1

3.2 Weights and Centers 3.\T.l.b.2 Struchlral -- 3.2
of Gravitv Design Feahlres

3.3 Mechanical 3.\T.1.c StruchlralMaterials 10CFR72.24(c)(3) 3.3
Properties of

3.\T.2.c Struchrral MaterialsMaterials
NA 3.III.2 Radiation 10CFR72.24(d) 3.4.4.3

Shielding, 10CFR72.l24(a) 3.4.7.3
Confmement, and 10CFR72.236(c) 3.4.10
Subcriticality 10CFR72.236(d)

lOCFR72.236(l)
NA 3.III.3 Ready Retrieval lOCFR72.l22(f) 3.4.4.3

lOCFR72.122(h)
lOCFR72.122(1)

NA 3.III.4 Design~Basis 1OCFR72.24(c) 3.4.7
Earthquake 10CFR72.102(f)

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

3.4 General Standards for -- 3.4
Casks ..

3.4.1 Chemical and 3.\T.1.b.2 Struchlral -- 3.4.1
Galvanic Design Feahlres
Reactions

3.4.2 Positive -- -- 3.4.2
Closure

3.4.3 Lifting 3.\T.1.ii(4)(a) Tnmnions -- 3.4.3
Devices --
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

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

Requirement
3.4.4 Heat 3.v.l.d Structural Analysis 1OCFRn.24(d) 3.4.4

10CFR72.122(b)

3.4.5 Cold 3.V.l.d Stmctural Analysis 10CFRn.24(d) 3.4.5
1OCFRn.122(b)

3.5 Fuel Rods -- 10CFR74.122(h) 3.5
(1)

4. Thermal Evaluation
4.1 Discussion 4.III Regulatory 10CFRn.24(c)(3) 4.1

Requirements 1OCFRn. 128(a)
(4)
1OCFRn.236(f)
10CFRn.236(h)

4.2 SUlmnary of Thennal 4.V.4.b Material Properties -- 4.2
Properties of
Materials

4.3 Specifications for 4.IV Acceptance Criteria 10CFRn.122(h) 4.3
Components ISG-ll, Revision 3 (1)

404 Thenna1 Evaluation 4.IV Acceptance Criteria 1OCFRn.24(d) 4.4,4.5
for Nonna1 ISG-11, Revision 3 lOCFRn.236(g)
Conditions of Storage

NA 4.IV Acceptance Criteria 1OCFRn .24(d) 11.1, 11.2
10CFRn.122(c)

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

5. Shielding Evaluation
5.1 Discussion and -- IOCFRn.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
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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
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 1OCFRn.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 1OCFRn.24(c)(3) 5.3.2
Regional
Densities

5.4 Shielding Evaluation 5.v.4 Shielding Analysis 1OCFRn.24(d) 5.4
10CFRn.104(a)
1OCFRn.l06(b)
10CFRn.128(a)
(2)
10CFRn.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
ofCalcula- lOCFRn.124(b)
tional Model 10CFRn.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 lOCFR72.24(c)(3) 6.3.2

Regional lOCFR72.l24(b)
lOCFR72.236(g)

Densities
6.4 Criticality 6.V.4 Criticality Analysis 10CFR72.l24 6.4

Calculations
6.4.1 Calculational 6.V.4.a Computer Programs 10CFR72.124 6.4.1

or and
Experimental 6.Y.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 lOCFR72.24(d) 6.1,6.2,6.3.1,
Results lOCFR72.l24 6.3.2

lOCFR72.236(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.Y.S Supplemental Info. -- Appendices
6.B,6.C, and 6.D

7. Confinement
7.1 Confinement 7.III.l Description of 1OCFR72.24(c)(3) 7;0,7.1

Boundary Stmctures, Systems 1OCFR72.24(1)
and Components
Important to Safety

ISG-18
7.1.1 Confinement 7.III.2 Protection ofSpent lOCFR72,122(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- lOCFR72 HI-STORM

Section and Content 1536 Review Criteria or 10CFR20 FSAR
Requirement

7.1.4 Closure 7.m.3 Redundant Sealing lOCFRn.236(e) 7.1.1,7.1.4

7.2 Requirements for 7.m.7 Evaluation of 1OCFRn.24(d) 7.1
Normal Conditions of Confmement System 10CFRn.236(1)
Storage ISG-18
7.2.1 Release of 7.m.6 Release ofNuclides lOCFRn.24(1)(1) 7.1

Radioactive to the Environment
Material 7.m.4 Monitoring of 10CFRn.122(h) 7.1.4

Confinement System (4)
10CFRn.128(a)
(1)

7.III.5 Instmmentation 1OCFRn.24(1) 7.1.4
1OCFRn.122(i)

7.m.8 Annual Dose lOCFRn.104(a) 7.1
ISG-18

7.2.2 Pressurization -- -- 7.1
of
Confmement
Vessel

7.3 Confinement 7.m.7 Evaluation of 1OCFRn.24(d) 7.1
Requirements for Confinement System lOCFRn.122(b)
Hypothetical ISG-18 10CFRn.236(l)
Accident Conditions
7.3.1 Fission Gas -- -- 7.1

Products
7.3.2 Release of ISG-18 -- 7.1

Contents
NA -- lOCFRn.106(b) 7.1

7.4 Supplemental Data 7.V Supplemental Info. -- --

8. Operating Procedures
8.1 Procedures for 8.III.1 Develop Operating 10CFR72.40(a)(5) 8.1t08.5

Loading the Cask Procedures
8.III.2 Operational 1OCFRn.24(e) 8.1.5

Restrictions for 1OCFRn.1 04(b)
ALARA

8.III.3 Radioactive Effluent 1OCFRn.24(1 )(2) 8.1.5,8.5.2
Control
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

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

Requirement
8.III.4 Written Procedures 10CFR72.212(b) 8.0

(9)
8.III.S Establish Written lOCFR72.234(f) 8.0

Procedures and Tests Introduction
8.III.6 Wet or Dry Loading 10CFR72.236(h) 8.0

and Unloading Introduction
Compatibility

8.III.7 Cask Design to 1OCFR72.236(i) 8.1,8.3
Facilitate Decon

8.2 Procedures for 8.III.1 Develop Operating 10CFR72.40(a)(S) 8.3
Unloading the Cask Procedures

8.III.2 Operational 1OCFR72.24(e) 8.3
Restrictions for 1OCFR72.1 04(b)
ALARA

8.m.3 Radioactive lOCFR72.24(1)(2) 8.3.3
Effluent Control

8.III.4 Written Procedures 10CFR72.212(b) 8.0
(9)

8.m.S Establish Written 10CFR72.234(f) 8.0
Procedures and Tests

8.m.6 Wet or Dry Loading 10CFR72.236(h) 8.0
and Unloading
Compatibility

8.III.8 Ready Retrieval lOCFR72.122(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.m.9 Design to Minimize lOCFR72.24(f) 8.1, 8.3

Radwaste lOCFR72.l28(a)
(5)

8.m.10 SSCs Pelmit 10CFR72.122(f) Table 8.1.6
Inspection,
Maintenance, and
Testing

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

Testing & Initial
Operations

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM 100 FSAR
REPORT HI-2002444 1.0-20

Rev. 7

HI-STORM 100 FSAR
Revision 7
Augus19,2008



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

9.IIL1.c SSCs Tested and 1OCFRn.24(c) 9.1
Maintained to 10CFR72.l22(a)
Appropriate Quality
Standards

9.III.1.d Test Program 10CFRn.162 9.1
9.III.l.e Appropriate Tests 10CFRn.236(1) 9.1
9.III.1.fInspection for lOCFRn.236(j) 9.1

Cracks, Pinholes,
Voids and Defects

9.IILl.g Provisions that 10CFRn.232(b) 9.1 (2)

Pennit COlmnission
Tests

9.2 Maintenance 9.IlL 1.bMaintenance 10CFRn.236(g) 9.2
Program 9.IIL1.cSSCs Tested and 10CFRn.122(f) 9.2

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

9.III.l.hRecords of lOCFRn.2l2(b) 9.2
Maintenance (8)

NA 9.IIL2 Resolution of Issues 10CFRn.24(i) (3)

Concerning
Adequacy of
Reliability

9.III.l.d Submit Pre-Op Test 10CFRn.82(e) (4)

Results to NRC
9.IILl.i Casks lOCFRn.236(k) 9.1.7,9.1.1.(12)

Conspicuously and
Durably Marked

9.III.3 Cask Identification
10. Radiation Protection

10.1 Ensuring that 10.IIIA ALARA lOCFR20.1l0l 10.1
Occupational 10CFRn.24(e)
Exposures are as Low lOCFRn.l 04(b)
as Reasonably 10CFR72.l26(a)
Achievable
(ALARA)

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

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

Applicable
Regulatory Guide 3.61 Associated NUREG- 10CFR72 HI-STORM
Section and Content 1536 Review Criteria or lOCFR20 FSAR

Requirement
10.3 Estimated Onsite IO.IIL2 Occupational IOCFR20.1201 10.3

Collective Dose Exposures IOCFR20.1207
Assessment lOCFR20.1208

lOCFR20.1301

N/A IO.IIL3 Public Exposure lOCFRn.I04 lOA
lOCFRn.106

IO.IILI Effluents and Direct 1OCFRn.104
Radiation

11. Accident Analyses
11.1 Off-Nonnal Operations II.IlI.2 Meet Dose Limits lOCFRn.24(d) 11.1

forAnticipated IOCFRn.I04(a)
Events 1OCFRn.236(d)

11.IIL4 Maintain 1OCFRn.I24(a) 11.1
Subcritical 10CFRn.236(c)
Condition

I1.IIL71nstmmentation and 10CFRn.122(i) 11.1
Control for Off-
Nonnal Condition

11.2 Accidents II.IIL1 SSCs Important to 1OCFRn.24(d)(2) 11.2
Safety Designed for 10CFRn.122b(2)
Accidents 10CFR72.122b(3)

IOCFRn.122(d)
lOCFRn.122(g)

II.IIL5 Maintain 10CFRn.236(l) 11.2
Confinement for
Accident

11.IlIA Maintain lOCFRn.124(a) 11.2,6.0
Subcritical 1OCFRn.236(c)
Condition

11.III.3 Meet Dose Limits 1OCFRn.24(d)(2) 11.2,5.1.2,7.3
for Accidents 1OCFRn.24(m)

1OCFRn.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

II.III.6 Retrieval 1OCFR72.122(1) 8.3
II.III.7 Instrumentation and 10CFR/2.122(i) (5)

Control for Accident
Conditions

NA II.m.8 Confinement 1OCFR72.122h(4) 7.1.4
Monitoring

12. Operatin2 Controls and Limits
12.1 Proposed Operating -- IOCFR72.44(c) 12.0

Controls and Limits 12.m.I.e Administrative 10CFR72.44(c)(5) 12.0
Controls

12.2 Development of 12.m.l General lOCFR72.24(g) 12.0
Operating Controls Requirement for lOCFR72.26
and Limits Technical lOCFR72.44(c)

Specifications lOCFR72 Subpart E
lOCFR72 Subpart F

12.2.1 Ftmctional 12.m.l.a Functional/ lOCFRn.44(c)(1) Appendix 12.A
and Operating Units,
Operating Monitoring
Limits, Instnunents and
Monitoring Limiting Controls
Instruments,
and Limiting
Control
Settings

12.2.2 Limiting 12.m.I.b Limiting Controls lOCFR72.44(c)(2) Appendix 12.A
Conditions 12.III.2.a Type ofSpent Fuel 10CFR72.236(a) Appendix 12.A
for 12.III.2.b Enrichment
Operation 12.m.2.c Bumup

12.m.2.d Minimum
Acceptance
Cooling Time

12.m.2.fMaximum Spent
Fuel Loading Limit

12.III.2g Weights and
Dimensions

12.III.2.h Condition of
Spent Fuel

12.III.2e Maximum Heat 10CFR72.236(a) Appendix 12.A
Dissipation

1.0-23
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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.III.2.i Inerting lOCFR72.236(a) Appendix l2.A

Atmosphere
Requirements

12.2.3 Surveillance l2.IIL1.c Surveillance lOCFR72.44(c)(3) Chapter 12
Specifications Requirements

12.2.4 Design l2.III.1.d Design Feahlres lOCFR72 .44(c)(4) Chapter 12
Feahlres

12.2.4 Suggested -- -- Appendix l2.A
Format for
Operating
Controls and
Limits

NA 12.IIL2 sse Design Bases lOCFR72.236(b) 2.0
and Criteria

NA 12.III.2 Criticality Control 10CFR72.236(c) 2.3.4,6.0
NA 12.III.2 Shielding and 10CFR20 2.3.5, 7.0,5.0,

Confinement 10CFR72.236(d) 10.0
NA 12.IIL2 Redundant Sealing 10CFR72.236(e) 7.1,2.3.2
NA 12.IIL2 Passive Heat lOCFR72.236(f) 2.3.2.2,4.0

Removal
NA 12.III.2 20 Year Storage and 1OCFR72.236(g) 1.2.1.5,9.0,

Maintenance 3.4.10,3.4.11
NA 12.III.2 Decontamination 1OCFR72.236(i) 8.0, 10.1

NA 12.III.2 Wet or Dry Loading 1OCFR72.236(h) 8.0
NA 12.III.2 Confinement 10CFR72.236G) 9.0

Effectiveness
NA 12.III.2 Evaluation for 1OCFR72.236(1) 7.1, 7.2, 9.0

Confinement
13. Quality Assnrance

13.1 Quality Assurance 13.III Regulatory 10CFR72.24(n) 13.0
Requirements 10CFR72.140(d)

13.IV Acceptance Criteria 1OCFR72, Subpart
G
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

Notes:

(I)

(2)

(3)

(4)

(5)

". "

"NA"

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

It is assumed that approval of the FSAR by the NRC is the basis for the COlmnission's acceptance
of the tests defined in Chapter 9.

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

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

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

There is no corresponding NUREG-1536 criteria, no applicable 10CFR72 or 10CFR20 regulatory
requirement, or the item is not addressed in the FSAR.

There is no Regulatory Guide 3.61 section that corresponds to the NUREG-1536, lOCFR72, or
10CFR20 requirement being addressed.
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Table 1.0.3

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

NUREG-1536 Guidance
Alternate Method to Meet

Justification
NUREG-1536 Intent

2.V.2.(b)(l) "The NRC accepts as the Exception: Section 2.2.1.4 for The SOap 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 andlowest ambient an upper bounding value of SOap on at any location in the continental United States.
temperahlres recorded in eachyear, averaged theammal average ambient Inasmuch as the primary effect of the enviromnental
over the years of record." temperahlres for the United States. temperahlre is on the computed fuel cladding

temperature to establish long-tenn fuel cladding
integrity, the ammal average ambient temperahlre for
each ISPSI site should be below SOap. The large
thermal inertia ofthe HI-STORM 100 System ensures
that the daily fluchlations in temperahlres do not
affect the temperahrres of the system. Additionally,
the SOap ambient temperature is combined with
insolation in accordance with 1OCPR71.71 averaged
over 24 hours.

2.V.2.(b)(3)(f) "10CPR Part72 identifies Clarification: A site-specific safety In accordance with NUREG-1536, 2.V.(b)(3)(f), if
several other nahlral phenomena events analysis of the effects of seiche, seiche, tsunami, and hurricane are not addressed in
(including seiche, tsunami, and hurricane) tSlmami, and hun'icane 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." perfonned 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 Guidance
Alternate Method to Meet

Justification
NUREG-1536 Intent

3.V.1.d.i.(2)(a), pageJ~ll, "Dropswith the Clarification: As stated in NUREG- In Chapter 3, the MPC and HI-STORM overpack are
axis generally veliical 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 ofthe cask. .. " design basis in terms of the presented in the HI-STAR FSAR, Docket 72-1008,

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

deceleration limit of 45g's is not exceeded.
3.V.2.b.i.(1), Page 3-19, Para. 1, "All Exception: The HI-STORM Concrete is provided in the HI-STORM overpack
concrete used in storage casksystem 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 nonnal 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 I.D impaired by the absence of reinforcement) is utilized.
NRC accepts the use ofACI 349 for the provides the relevant sections of However, since the stmctural reliance lUlder loadings
design, material selection and specification, ACI 349 applicable to theplain which produce section flexure and tension is entirely
and constmction of all reinforced concrete concrete in the overpack, including on the steel stmcture 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 [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 ofACI 349 are imposed as
material properties used for the design and concrete. clarified in Appendix 1.D. The temperature limits for
construction of reinforced concrete structures normal conditions are per Paragraph A.4.3 of
imp'Oliant to safety but not within the scope Appendix A to ACI 349 and temlJerature limits for
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Table 1.0.3 (continued)

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

NUREG-1536 Guidance
Alternate Method to Meet

J ustificatioJIl
NUREG-1536 Intent

of ACI 359 should comply with the off-normal and accident conditions are per Paragraph
requirements of ACI 349". AA.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 ofANSIIANS~57.9(together overpack steel struchlre 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 struchlre to Section III,
the basic reference for ISFSI Shl1chlres 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 struchlral evaluation of the
accordance with Section III of the ASME Code are listed in Table 2.2.15. "intennediate shells" in the HI-STAR 100 overpack
B&PV Code." (Docket Number 72-1008) previously reviewed and

approved by the USNRC.

4.JV.5, Page 4-2 "for each fuel type proposed for Clarification: As described in As described in Section 4.3, all fuel alTay types
storage, the DCSS should ensure avery low Section 4.3, all fuel alTay 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 nonnal fuel cladding temperature limit of 400°C.
cladding breach during long-tenn storage." single peak fuel cladding

4.JV.I, Page 4-3, Para. I· "the staff should verify
temperahlre limit.

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

4.1'11.1, Page 4-3, Para. 2 "fuelclacldinglimits for
each fuel type should be defined in the SAR with
thermal restrictions in the DCSS technical
specifications."
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Table 1.0.3 (continued)

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

NUREG-1536 Guida.nce
Alternate Method to Meet

Justification
NUREG-1536 Intent

4.V.l, Page 4-3, Para. 4 "the applicant should
verify that these cladding temperature limits are
appropriate for all fuel types proposed for storage,
and that the fuel cladding temperatures will
remain below the limit for facility operations
(e.g., fuel transfer) and the worst-case credible
accident."

4.V.4.a, Page 4-6, Para. 6 "the basket wall Clarification:·As discussed in The finite-element based thennal conductivity is
temperature of the hottest assembly can then Section 4.4, conservative maximum greater than a Wooten-Epstein based value. This
be used to detennine the peak rod fuel temperatures are obtained larger themlal conductivity minimizes the fuel-to-
temperature of thehoftest assembly using the directly from the cask thennal basket temperature difference. Since the basket
Wooten-Epstein con-elation." analysis. The peak fuel cladding temperature is less than the fuel temperature,

temperatures are then used to minimizing the temperature difference conservatively
determine the cOlTesponding peak maximizes the basket wall temperature.
basket wall temperatures using a
finite-element based model.

4.V.4.b, Page 4-7, Para. 2 "high bumup Exception: All calculations of fuel The calculated effective thelmal conductivities based
effi~cts should also be considered in assembly effective thennal on nominal design fuel dimensions have been
detennining the filel region effective thermal conductivities use nominal fuel compared with available literature values [1.0.6] and
conductivity." design dimensions, neglecting wall are demonstrated to be conservative.

thinning associated with high
bumup.

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

discretized numerical solution algOlithm, enforces an
energy balance on all discretized volumes throughout
the computational domain. This solution method,
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Table 1.0.3 (continued)

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

NUREG-1536 Guidance
Alternate Method to Meet

Justification
NUREG-1536 Intent

therefore, ensures a heat balance at the surface of the
cask.

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

them1a1 evaluations." files are considered proprietary because they provide
details ofthe 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.S.c, Page 4-10, Para. 3 "fi'ee volume Exception: All free volume Calculating the volume occupied by the fuel assemblies
calculations should account for thennal calculations use nominal using maximmn weights and minimum densities

expansion of the cask intemal 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 cOlTespondingly underpredicts the remaining free

temperatures. assemblies is calculated using volume.

maximum weights and minimum
densities.

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 perfol1l1ed and no effluent dose at the release of radioactive materials under all credible

resulting annual dose at the controlled area controlled area boundary is calculated. conditions. Analyses presented in Chapters 3 and 11

boundary." demonstrate that the confinement boundary does not
degrade under all normal, off-nonnal, 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 ISO-18, the Holtec MPC is constmcted in a
manner that supports leakage from the confinement
boundary being non-credible. Therefore, no confinement
analvsis is required.

9.V.1.a, Page 9-4, Para. 4 "Acceptance Clarification: Section 9.1.1.1 and the In accordance with the first line on page 9-4, the NRC
criteria should be defmed in accordance with Design Drawings specify that the endorses the use of"...appropriate acceptance criteria
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Table 1.0.3 (continued)

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

NUREG-1536 Guidance

NB/NC-5330, "Ultrasonic Acceptance
Standards" ."

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

13.lII, " the application must include, at a
minimum, a descIiption that satisfies the
requirements of 10 CFR Palin, Subpart G,
'Quality Assurance' ..."

Alternate Method to Meet
NUREG-1536 Intent

ASME Code, Section III, Subsection
NB, Article NB-5332 will be used
for the acceptance critelia for the
volumetric examination of the MPC
lid-to-shell weld.
Exception: Subsection 9.1.5
describes the control of special
processes, such as neutron shield
material installation, to be perfonned
in lieu of scanning or probing with
neutron sources.

Exception: Section 13.0 incorporates
the NRC-approved Holtec
International Quality Assurance
Program Manual by reference rather
than describing the Holtec QA
programin detail.

Justification

as defined by either the ASME code, or an alternative
approach..." The ASME Code, Section III, Subsection
NB, Paragraph NB-5332 is appropriate acceptance
criteria for pre-service examination.

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

The Holtite-A shield material is installed in accordance
with written, approved, and qualified special process
procedures.

The composition of the Holtite-A is confinned 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.
The NRC has approved Revision 13 of the Holtec
Quality Assurance Program Manual under 10 CFR 71
(NRC QA Program Approval for Radioactive
Material Packages No. 0784, Rev. 3). Pursuant to 10
CFR n.140(d), Holtec will apply this QA program to
all important-to-safety dry storage cask activities.
Incorporating the Holtec QA PrograIn Manual by
reference eliminates duplicate documentation.
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1.1 INTRODUCTION

HI-STORM 100 (acronym for Holtec International -S.torage and Transfer Operation Reinforced
Module) is a spent nuclear fuel storage system designed to be in full compliance with the
requirements of 10CFR72. The annex" 100" is a model number designation which denotes a system
weighing over 100 tons. The HI-STORM 100 System consists ofa 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 thennal safety margins.

The HI-STORM 100S and HI-STORM 100S 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 100S overpack design. The HI-STORM 100S and 100S Version B accept the same
MPCs and fuel types as the HI-STORM 100 overpack and the basic structural, shielding, and
thennal-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 laOS, and the HI-STORM laOS Version B. Where necessary, the text distinguishes
among the three overpack designs. See Figures 1.1.lA and 1.1.3A for pictorial views of the HI
STORM laOS overpack design. See Figures 1.1.lB and 1.1.3B for pictorial views ofthe HI-STORM
1OOS Version B design.

The HI-STORM 100A 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 100A, in each offour quadrants, is denoted as a "sector lug." The HI-STORM 100A
anchor design is applicable to the HI-STORM laOS overpack design, in which case the assembly
would be named HI-STORM 100SA. The HI-STORM 100A anchor design is not applicable to the
HI-STORM 100S VersionB overpack design. Therefore, the HI-STORM 100S VersionB overpack
cannot be deployed in the anchored configuration at this time. Hereafter in the text, discussion ofHI
STORM 1OOA applies to both the standard (HI-STORM 100A) and HI-STORM 1OOSA 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 MPCis identified by the
maxilllumquantity offnel assembliesitis capable ofreceiving. The MPC-24, IvIPC-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 ofsteel and concrete, both ofwhich 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 ofboth.
The HI-STORM overpack is best refened to as a METCONTM (metal/concrete composite) system.

Figures 1.1.1, 1. 1. lA, and 1.1.lB 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 ofthe ASME Boiler and Pressure Vessel Code, Section III, Subsection NB [1.1.1]. The
MPC defines the confinement boundary for the stored spent nuclear fuel assemblies with respect to
10CFR72 requirements and attendant review considerations. The HI-STORM 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 ofthe 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
ofbothlOCFR7l andl0CFR72 for transportation and storage, respectively, the HI-STORM 100
System allows rapid decommissioning ofthe ISFSI by simply transfening 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 ofair to provide for the passive cooling ofthe MPC and the
contained radioactive material. The HI-STORM overpaCk is engineered to be an effective banier
against the radiation entitted 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 :fi:om abnonnal environmental or man-made events, such as impact ofa tomado bome missile.
As the subsequent chapters ofthis FSAR demonstrate, the HI-STORM overpack is engineered with
large margins of safety with respect to cooling, shielding, and mechanical/structural functions.

The HI-STORl\1 100 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, stmctures,or components. The surveillance and maintenance required by the plant's
staff is minimized by the HI-STORM 100 System since it is completelypassive and is composed of
materials with long proven histories in the nuclear industry. The HI-STORM 100 Systemcan 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 lOCFR72.236.
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The modularity of the HI-STORM 100 System accrues several advantages. Different MPCs,
identical in extemal 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 ofthe variations in the characteristics ofthe 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
1OCFR Part 71 certification. HI-STORM 100, however, is designed to possess celiain key elements
of flexibility.

For example:

It 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.

G The HI-STORM overpack can be loaded with a loaded MPC using the HI-TRAC transfer
cask inside the lOCFR50 [1. 1.4] facility, prepared for storage, transferred to the ISFSI, and
stored ina 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 100A, shown in Figure 1.1.4. Figure 1.1.5 shows the sector lugs and anchors
used to fasten the overpack to the pad in closer view. Details on HI-STORM 1aOA are presented in
the drawing and BOMcontained 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-specific
and the responsibility· of the ISFSI owner. These designs shall be in accordance with the
requirements specified in Appendix 1.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 design is applicable
to the HI-STORM 100 and the HI-STORM 100S overpack designs only.

The MPCis a multi-purpose SNF storage device both with respect to the type offuel assemblies and
its versatility of use. The MPC is engineered as a cylindrical prismatic structure with square cross
section storage cavities . The number ofstorage locations depends on the type offuel. 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
mamler of cell-to-cell weld-up and cell-to-canister shell interface employed in the MPC impmis
extremely high structural stiffness to the assemblage, which is an important attribute for mechanical
accident events. Figure 1.1.2 sho\vs all ele\'atiol1 cross seetioll of an I\1PC.
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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, celiain fuel basket models may not be certified for storage or transportation in
the HI-STAR 100 System. The Part 71 and 72 CoCs for HI-STAR 100 should be consulted for the
MPC models that are certified for that system. Referencing these documents, as applicable, avoids
repetition of information on the MPCs which is comprehensively set forth in the above-mentioned
Holtec International documents docketed with the NRC. However, sufficient information and
drawings are presented in this report to maintain clarity of exposition of technical data.

The HI-STORM storage overpack is designed to provide the necessary neutron and gamma shielding
to comply with the provisions of 1OCFR72 for dry storage of SNF at an ISFSI. Cross sectional
views ofthe HI-STORM storage overpacks are presented in Figures 1.1.3, I.IJA, and I.I.3B. A HI
TRAC transfer cask is required for loading ofthe MPC and movement ofthe 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 ofnuclear plant spent fuel
pools for fuel loading (or unloading). The HI-TRAC/MPC assembly is designed to preclude
intrusion ofpool water into the nan-ow 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;

e 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;

e allow transfer of the 10adedMPC to aID-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.lA provide example cross
sectional views ofthe HI-STORM 100 System with an MPC inserted into HI-STORM 100 and HI
STORM 100Sstorage overpacks, respectively. Figure 1.1.lB provides similar information for the
HI-STORM 100 System using a HI-STORM 100S Version B overpack. Each ofthese 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:

1. multi-purpose canister (MPC)
11. storage overpack (HI-STORM)
111. transfer cask (HI-TRAC)

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

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

same backfill condition)
111. 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 approximately 190-112 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 ofa loaded
MPC is approximately 44-112 tons. Tables 1.2.1 and J.2.2 contain the key system data and
parameters for the MPCs.

t Dimensions discussed in this section are considered nominal values.
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A single, base HI-STORM overpack design is provided which is capable of storing each type of
MPc. The overpack iimer 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 chmmels 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 ofthe overpack is 132-1/2 inches. The overall height ofthe
HI-STORM 100 overpack is 239-1/2 inches.

There are two variants of the HI-STORM 100S overpack, differing from each other only in height
and weight. The HI-STORM 100S(232) is 232 inches high, and the HI-STORM 100S(243) is 243
inches high. The HI-STORM 100S(243) is approximately 10,100 lbs heavier assuming standard
density concrete. Hereafter in the text, these two versions of the HI-STORM laOS overpack will
only be referred to as HI-STORM laOS 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 ofthe HI-STORM laOS Version B overpack, differing from each other only
in height and weight. The HI-STORM 100S-2l8 is 218 inches high, and the HI-STORM 100S-229
is 229 inches high. The HI-STORM 100S-229 is approximately 8,700 lbs heavier, including
standard density concrete. Hereafterin the text, the versions ofthe HI-STORM 100S Version B
overpack will only be refen-ed to as HI-STORM laOS 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 perfoffilance and safety
of the system. Some of the principal features of the HI-STORM 100 System which enllance its
effectivenessas an SNF storage device and a safe SNF confmement 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;

III 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 ofplates.
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 ofthe basket over the entire length ofthe basket. Physical reasoning suggests that a uniformly
distributed mass provides a more effective shieldingbarrier than can be obtained from a nonuniform
basket. In other words, the honeycomb basket is a most effective radiation attenuation device. The
complete cell-to-cell connectivity inherent in the honeycomb basket structure provides an
uninterrupted heat transmission path, making the MPC an effective heat rejection device.

The composite shell construction in the overpack, steel-concrete-steel, allows ease offabrication 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
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 offuel 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 P\VR 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 bne 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 fonned from an anay 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:

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

11. The principal structural frame ofthe basket consists ofco-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 ofthe stored SNF to
the basketlMPC 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 ofbasket supports
welded to the inside ofthe MPC shell. Between the periphery ofthe basket, the MPC shell, and the
basket supports, optional aluminum heat conduction elements (AHCEs) may have been installed in
the early vintage MPCs fabricated, certified, and loaded under the originalversion or Amendment 1
of the HI-STORM 100 System CoCo The presence ofthese 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 1bound those for the original CoC, with the same MPC design. For MPCs loadedunder
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. Ifused, theseheat conductionelements are
fabricated from thin aluminum alloy 1100 in shapes and a design that allows a snug fit in the
confined spaces and easeofinstallation. Ifused, the heat conduction elements are installed along the
full length of the MPC basket except at the drain pipe location to create a nonstructural thermal
c01111ection that facilitates heat transfer from the basket to shell. In their operating condition, the heat
conduction elements contact the MPC shell and basket walls.

Lifting lugs attached to the inside surface ofthe MPC canister shell serve to pennit placement ofthe
empty MPC into the HI-TRAC transfer.cask. The lifting lugs also serveto axially locate the MPC lid
prior to welding. These internal1ifting 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
al1d bottom) edge-\velded to the ~y1PC outer shelL If the tv/o-piece lid design is employed, only t11e
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top piece is analyzed as pati 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 ofthe 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 ofstorage. An axial clearance of
approximately 2 to 2-1/2 inches is provided to account for the irradiation and thermal growth ofthe
fuel assemblies. The suggested values for the upper and lower fuel spacer lengths are listed in Tables
2.1.9 and 2.1.10 for each fuel assembly type. The actual length offuel spacers will be determined on
a site-specific or fuel assembly-specific basis.

The MPC confinement boundary is constructed entirely from stainless steel alloy materials. All
MPC components that may come into contact with spent fuel pool water or the ambient environment
(with the exception ofneutron absorber, aluminum seals on vent and drain port caps, and optional
aluminum heat conduction elements) must be constructed from stainless steel alloy materials.
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 thennophysical properties set f01ih in this document.

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

Type 316
Type 3l6LN
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 anyone 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 ofthe acceptable Alloy X materials
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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.

Type 316
Type 3l6LN
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 thennophysical properties that are the
least favorable for the entire group for the analysis in question. For example, when calculating the
rate ofheat rejection to the outside environment, the value ofthermal conductivity used is the lowest
for the candidate material group. Similarly, the stress analysis calculations use the lowest value of
the ASME Code allowable stress intensity for the entire group. Stated differently, we have defined a
material, which is referred to as Alloy X, whose thermophysical properties, from the MPC design
perspective, are the least favorable of the candidate materials.

The evaluation ofthe Alloy X constituents to detennine the least favorable propeliies is provided in
Appendix 1.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 100A overpack design is an anchored variant ofthe HI-STORM
100 and -100S designs and hereinafter is identified by name only when the discussion specifically
applies to the anchored overpack. The HI-STORM 1OOA differs only in the diameterofthe overpack
baseplate and the presence ofbolt holes and associated anchorage hardware (see Figures 1.1.4 and
1.1.5).The main structural function ofthe storage overpack isprovided 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 shieldingto provide neutron and gamma attenuation in the vertical direction.

The storage overpaCk provides an internal cylindrical cavity of sufficient height and diameter for
housing an MPC. The inner shell of the overpack has chmmels attached to its imler 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 ofthe storage system, respectively. The location ofthe air outlets in the HI-STORM 100
and the HI-STORM 100S (including Version B) design differ in that the outlet ducts for the HI
STORM 100 overpack are located in the overpack body and are aligned vertically with the inlet
ducts at the bottom of the overpack body. The air outlet ducts in the HI-STORM 100S and-100S
Version B are integral to the lid assembly and are 110t in vertical alignment with the inlet ducts. See
the drawings in Section 1.5 for details ofthe 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 ofthe screens themselves
will be detected and removed in a timely manner. Analysis, described in Chapter 11 ofthis FSAR,
evaluates the effects of partial and complete blockage of the air ducts.

The air inlets and air outlets are penetrations through the thick concrete shielding provided by the
HI-STORM 100 overpack. The outlet air ducts for the HI-STORM 100S and -100S Version B
overpack designs, integral to the lid, present a similar break in radial shielding. Within the air inlets
and outlets, an array of gamma shield cross plates are installed (see Figure 5.3.19 for a pictorial
representation of the gamma shield cross plate designs). These gamma shield cross plates are
designed to scatter any radiation traveling through the ducts. The result ofscattering the radiation ill
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 -100S overpack designs, the
shielding analysis conservatively credits only the mandatory version ofthe 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 100S Version B overpack design,
which has been appropriately considered in the shielding and thermal analyses.

Four threaded anchor blocks at the top of the overpack areprovided for lifting. The anchor blocks
are integrally welded to the radialplates, which in tum are full-length welded to the overpack inner
shell, outer shell, and baseplate (HI-STORM 100) or the inlet air duct horizontal plates (HI-STORM
100S) (see Figure 1.2.7). The HI-STORM 100S Version B overpack design incorporates partial
length radial plates at the top ofthe 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 anchorblocks are located on 90° arcs around the circumference ofthe 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 ofthe overpack lid to allow lifting ofthe overpack lid. After the lid
is bolted to the storage overpack main body, these lifting bolts shall be removed and replaced with
flush plugs.
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The plain concrete between the overpack inner and outer steel shells is specified to provide the
necessary shielding properties (dry density) and compressive strength. The concrete shall be in
accordance with the requirements specified in Appendix 1.D.

The principal function oftheconcrete is to provide shielding against gamma andneutron radiation.
However, in an implicit manner it helps enhance the perfonnance of the HI-STORM overpack in
other respects as well. For example, the massive bulk of concrete imparts a large themlal 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 thelmal inertia characteristics
ofthe HI-STORM concrete control the temperature ofthe 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 the cracking and crushing under a tip-over accident is not ofsignificant
consequence,the deformation characteristics are gennane to the analysis ofthe structural members.

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

To ensure the stability ofthe 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 threatenthe physical integrity of the HI-STORM overpack concrete.

There are three base HI-STORM overpack designs - HI-STORM 100, HI-STORM 100S, and HI
STORM 100S Version B. The significant differences among the three are overpack height, MPC
pedestal height, location of the air outlet ducts, and the vertical alignment ofthe inlet and outlet air
ducts. The HI-STORM 100 overpack is approximately 240 inches high from the bottom of the
baseplate to the top of the lid bolts and 227 inches high without the lid installed. There are two
variants of the HI-STORM 100S overpack design, differing only in height and weight. The HI~

STORM 100S(232) is approximately 232 inches high from the bottom ofthe 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 ofthe baseplate to the
toP.of the lid inits final. storage configuration and approximately 222 inches high without the lid
installed. There are also variants ofthe HI-STOPJ\1.1OOS Version B overpaCk design, differing only
in height and weight. The HI-STORM 100S-218 is approximately 218 inches high from the bottom
ofthe baseplate to the top ofthe lid in its final storage configuration and approximately 199 inches
high without the lid installed. The HI-STORM 100S-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.
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The HI-STORM 100S Version B overpack design does not include a concrete-filled pedestal to
support the MPC. Instead, the MPC rests upon a steel plate that maintains the MPC sufficiently
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 1OOS 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 100A or HI
STORlvI 100SA. The HI-STOR1\1100S 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 overpackbaseplate, 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 ofa creep-resistant, high-ductility, environmentally compatiblematerial. The bolts are pre
loaded to a precise axial stress using a "stud tensioner" rather than a torque wrench. Pre-tensioning
the anchors using a stud tensioner eliminates any shear stress in the bolt, which is unavoidable if a
torquing device is employed (Chapter 3 of the text "Mechanical Design of Heat Exchangers and
Pressure Vessel Components", by Arcturus Publishers, 1984, K.P. Singh and A.I. Soler, provides
additional information on stud tensioners). The axial stress in the anchors induced by pre-tensioning
is kept below 75% ofthe 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 ofthe anchored HI
STORM 100A configuration. This configuration also applies to the HI-STORM 100SA.

The anchor studs pass through liberal clearance holes (circular or slotted) in the sector lugs (0.75"
minimum clearance) such that the fastening ofthe studs to the ISFSI pad can be carried out without
mechanical interference from the body ofthe 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 equalto
flF (fl ::;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 (~lF)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-STORlvUOOA Systemduring a seismicevent is precluded, as is the potential for
any bending action on the anchor studs.

The seismic loads, however, will produce an overtuming moment on the overpack that would cause
a redistribution ofthe compressive contact pressure between the pad and the overpack. To detennine
the pulsation in the tensile load in the anchor studs and in the interface contact pressure, bounding
static analysis ofthe preloaded configuration has been perfonned. The results of the static analysis
demonstrate that the initial preloading minimizes pulsations in the stud load. A confim1atory non-

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

Rev. 7

HI-STORM 100 FSAR
Revision 7
August 9, 2008



linear dynamic analysis has also been perfornled using the time-history methodology described in
Chapter 3, wherein the principal nonlinearities in the cask system are incorporated and addressed.
The calculated results from the dynamic analysis confinn 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 lOOA are made ofthe same steel material as the baseplate and the
shell (SA5l6- 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 ofpermitted materials is
listed in Table 1.2.7. The menu ofmaterials will enable the ISFSI owner to select a fastener material
that is resistant to corrosion in the local ISFSI environment. For example, for ISFSls located in
marine environments (e.g., coastal reactor sites), carbon steel studs would not be recommended
without concomitant periodic inspection and coating maintenance programs. Table 1.2.7 provides
the chemical composition ofseveral acceptable fastener materials to help the ISFSI owner select the
most appropriate material for his site. The two mechanical properties, ultimate strengthcrll and yield
strength O"y are also listed. For purposes of structural evaluations, the lower bound values of 0"11 and
O"y 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 anchorreceptacle 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
offactored loads to which the ISFSI pad, its sub-grade, and the anchor receptacles mustbe designed
within the purview ofACI-349 [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 isa
steel, lead, steel layered cylinder with a water jacket attached to the exterior. Figure 1.2.9 provides a
typical cross section of the standard design HI-TRAC-125 with the pool lid installed. See Section
1.2.1.2.3 for discussion ofthe optional HI-TRAC 100D and 125D designs.

The transfer cask provides an internal cylindrical cavity ofsufficient 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 ofHI-TRAC
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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
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 ofthe 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 ofthe
HI-TRAC bottom for the Jv"".tPC 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 tnumions provide a pivot point for the rotation of
the HI-TRAC for downending or upending.

Two standard design HI-TRAC transfer casks ofdifferent weights are provided to house the MPCs.
The HI-TRAC-125 weight does not exceed 125 tons during any loading or transfer operation. The
HI-TRAC-100 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 HI-TRAC-100 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 ofthe HI-TRAC-125 to bound
the HI-TRAC-100 design. Additionally, as the two HI-TRACs are identical except for a reduced
thiclmess of lead and water, the HI-TRAC-125 has a larger thermal resistance than the smaller and
lighter HI-TRAC-1 00. Therefore, for norn1al conditions the HI-TRAC-125 thermal analysis bounds
that ofthe HI-TRAC-1 00. Separate shielding analyses are perfolmed 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 ofthe standard HI-TRAC transfer caskdesigns, users may choose to use
the optional HI-TRAC 100D or 125D designs. Figure 1.2.9A provides a typical cross section ofthe
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 designsaredesigned and constructed in accordance with ASME III, Subsection NF, with
certain NRC-approved alternatives, as discussed in Section 2.2.4. Functionally equivalent, the major
differences between the HI-TRAC lOOD and 125D designs and the standard designs are as follows:

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

transfer operations
III A wider baseplate with attachment points for the mating device is provided
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III The baseplate incorporates gussets for added structural strength
III The number ofpool lid bolts is reduce

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 ofwithstanding all loads defined in the design
basis for the transfer cask during normal, off-normal, and accident modes ofoperation 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 lOaD and l25D untilMPC transfer is required. The HI-STORM
mating device is located between, and secured with bolting (ifrequired by seismic analysis), to the
top ofthe HI-STORM overpack and the HI.,.TRAC lOaD or l25D 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 lOaD or l25D designs during operations.

1.2.1.3 Shielding Materials

The HI-STORM 100 System is provided with shielding to ensure the radiation and exposure
requirements in 1OCFR72.104 and 1OCFR72.106 are met. This shielding is an important factor in
minimizing the persOlmel 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 ofsteel to
fmiher 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 -laOS have a thick circular concrete pedestal upon which the MPC
rests. This concrete pedestal is not necessary in the HI-STORM laOS Version B overpack design.
These slabs provide gamma and neutron attenuation inthe axial direction. The thick overpack lid
and concrete shielding integral to the lid provide additional gamma attenuation in the upward
direction, reducing both direct radiation and skyshine. Several steel plate and shell elements provide
additional gamma shielding as needed in specific areas, as well as incremental improvements in the
overall shielding effectiveness. Gamma shield cross plates, as depicted in Figure 5.3.19, provide
attenuation of scattered gamma radiation as it exits the inlet and outlet air ducts.

In the HI-TRAC transfer cask radial direction, gamma andneutron shielding consists ofsteel-Iead
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 ofsteel-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 lOaD top lids are composed of steel only
providing gamlua attenuation.
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1.2.1.3.1

1.2.1.3.1.1

Fixed Neutron Absorbers

Bora1™

Bora1 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 fomi. The boron carbide contained in Boral is a fine granulated powder that
confonns to ASTM C-750-80 nuclear grade Type III. The Boral cladding is made of alloy
aluminum, a lightweight metal with high tensile strength which is protected from corrosion by a
highly resistant oxide film. The two materials, boron carbide and aluminum, are chemically
compatible and ideally suited for long-ternl use in the radiation, thermal, and chemical environment
of a nuclear reactor, spent fuel pool, or dry cask.

The documented historical applications ofBoral, 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
ofchoice 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 ofwhich 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 ofBoral 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:

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

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

III The neutron absorbing central layer of Boral is clad with pennanently bonded
surfaces of aluminum.

III 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 confonns to the requirements of
lOCFR72, 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 lOB
loading requirement. Coupons extracted from production runs were tested using the wet chemistry
procedure. The actual lOB loading, out ofthousands ofcoupons tested, has never been found to fall
below the design specification. The size ofthis 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. Furthennore, the surveillance, coupon testing, and material tracking
processes which have so effectively controlled the qualityofBoral are expected to continue to yield
Boral ofsimilar quality in the future. Nevertheless, to add another layer of insurance, only 75% lOB
credit ofthe 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 ofthe Boral may react with
water, resulting in the generation ofhydrogen. Thenumerous 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 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,
METAMICIID is a metal matrix composite (MMC) consisting of a matrix of 6061 aluminum alloy
reinforced with Type 1ASTM 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:t , the high
perfOlmance and reliability of METAMIC® derives from the patiicle 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 ofany 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 (EPR!) that evaluated the functional perfonnance of the material at elevated
temperatures (up to 900°F) atld radiation levels (IE+11 rads gamma). The results of the tests
documented in an EPR! report (Ref. [1.2.11]) indicate that METAMIC® maintains its physical and
neutron absorption propeliies with little variation in its properties from the unirradiated state. The
main conclusions provided in the above-referenced EPR! 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 tothe
theoretical density.

• The physical and neutronic properties of METAMIC® are essentially unaltered under
exposure to elevated temperatures (7500 F - 900° F).

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

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

An evaluationofthe 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, "Extmsion Fabrication Process for Discontinuous Carbide Particulate Metal

Matrix Composites and Super, Hypereutectic Al/Si."
Medium measured neighbor-to-neighbor distance is 10.08 microns according to the article,
"METAMIC Neutron Shielding", by K. Anderson, T. Haynes, and R. Kazmier, EPRI Boraflex
Conference, November 19-20, 1998.
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referenced patents and of the extensive third-party tests carried out under the auspices of EPRI
makes METAMIC® an acceptable neutron absorber material for use in the MPCs. Holtec's technical
position on METAMIC@ is also suppOlied by the evaluation carried out by other organizations (see,
for example, USNRC's SER on NUHOMS-6lBT, 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 elTor in the procurement of constituent materials and the
manufacturing processes. Accordingly, material and manufacturing control processes must be
established to eliminate the incidence oferrors, and inspection steps must be implemented to serve
as an independent set ofbarriers 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 ofMETAMIC® 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 peliaining to the qualification and production tests for METAMIC@ are
summarized in Subsection 9.1.5.3.

Because ofthe absence ofintercOlmected porosities, the time required to dehydrate a METAMICIID


equipped MPC is expected to be less compared to an MPC containing Boral.

NUREG/CR-566l (Ref. [1.2.14]) recommends limiting poison material credit to 75% of the
minimum lOB 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 ofthe neutron absorber, are implemented". The value of75%
is characterized in NUREG/CR-5661 as a very conservative value, based on experiments with
neutron poison containing relatively large B4C particles, such as BORAL with an average particle
size in excess of 100 microns. METAMIC@,however, has a muchsmaller particle size of typically
between 10 and 15 microns on average. Any streaming conce111S 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 thatMETAMIC@ exhibits very uniform lOB areal
density. This makes it easy to reliably establish and verify the presence and microscopic and
macroscopic unifornuty ofthe lOB in the material. Therefore,90% credit is applied to the minimum
lOB 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 lOB areal
density. In Chapter 9 the qualification and on production tests forMETAMIC@to support 90% lOB
credit are specified. With 90% credit, the target weight percent ofboron carbide in METAMIC@ is
31 for all MPCs, as summarized in Table 1.2.8, consistent with the test coupons used in the EPRI
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evaluations [1.2.11]. The maximum permitted value is 33.0 wt% to allow for necessary fabrication
flexibility.

Because METAMIC® is a solid material, there is no capillary path through which spent fuel pool
water can penetrate METAMIC® panels and chemically react with aluminum in the interior ofthe
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 the space under the MPC lid during welding and cutting
operations, is required until sufficient field experience is gained that confinns that little or no
hydrogen is released by METAMIC® during these operations.

Mechanical properties of 31 wt.% METAMIC® based on coupon tests ofthe 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.% B4C METAMIC

Propeliy 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 margin of safety against cracking
exists, so there is no need to perfonn testing of the METAMIC®for mechanicalpropeliies.

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 SERfor 31wt.% B4C METAMIC for
used in wet storage [1.2.12]. Additional studies on METAMIC® [1.2.13], EPRl's and others work
provide the confidence that 31wt.% B4CMETAMIC® will perfonn its intended function in the

. . ' ,. '. '.

MPCs.

1.2.1.3.1.3 Locational Fixity ofNeutron 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 ofmagnitude greater than the weight ofa fuel assembly, guarantees thatthe
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 discOlmection of
the sheathing from the cell wall.

1.2.1.3.2 Neutron Shielding

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

CII Attenuation of neutron radiation to appropriate levels;

CII Durability oftheshielding material under nOffilal conditions, in terms ofthermal, chemical,
mechanical, and radiation environments;

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

CII Stability ofthe shielding material in mechanical or thennalaccident conditions to the desired
perfonnance levels; and

e Predictability ofthe manufacturing process under adequate procedural control to yield an in
place neutron shield of desired function and uuifonnity.

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

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

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

Neutron shielding in the HI-TRAC 125 and 125D transfer casks in the axial direction is provided by
Holtite-A within the top lid. HI-TRAC 125 also contains Holtite-A in the transfer lid. Holtite-A is a
poured-in-place solid borated synthetic neutron-absorbing polymer. Holtite-A is specified with a
nominal B4C loading of 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 perfonnance characteristics and properties ofHoltite-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/cm3 to underestimate the shielding capabilities ofthe 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 fonn is present in 1%
(nominal) weight concentration. Holtite-A may be specified with a B4C content ofup to 6.5 weight
percent. For the HI-STORM 100 System, Holtite-A is specified with a nominal B4C weight percent
of1%.

Design Temperature

The design temperatures of Holtite-A are provided in Table l.B.I.. The maximum spatial
temperatures ofHoltite-A under all nonna1 operating conditions must be demonstrated to be below
these design temperatures, as applicable.

Thennal Conductivity

The Holtite-A neutron shielding material is stable below the design temperature for the long tenn
and provides excellent shielding properties for neutrons. A conservative, lower bound conductivity
is stipulated for use in the thennal analyses of Chapter 4 (Section 4.2) based on infonnation 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 illiler shell to provide additional gamma shielding (Figure 1.2.7)t. Carbon steel
supplements the concrete gamma shielding in most portions ofthe storage overpack, most notably
the pedestal (HI-STORM 100 and-100S overpack designs only) and the lid. To reduce the radiation
streaming through the overpack air inlets and outlets, gamma shield cross plates are installed in the
ducts (Figures 1.2.8 and 1.2.8A) to scatter the radiation. This scattering acts to significantly reduce
the local dose rates adjacent to the overpack air inlets and outlets. See Figure 5.3.19 and the
drawings in Section 1.5 for more details ofthe gamma shield cross plate designs for each overpack
design.

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

1.2.1.4 Lifting Devices

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

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

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

The standard design HI-TRAC transfer cask is equipped with two liftingtrullilions and two pocket
trunnions. The HI-TRAC 100D and 125Dareequipped with only lifting trunnions. The lifting
tnillilions 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 trmmions 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 1.0.1.
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ANSI N14.6. The lifting trunnions are installed by threading into tapped holes just below the top
forging.

The top of the MPC lid is equipped with four threaded holes that allow lifting of the loaded MPC.
These holes allow the loaded MPC to be raised/lowered through the HI-TRAC transfer cask using
lifting cleats. The threaded holes in the MPC lid are designed in accordance withNUREG-06l2 and
ANSIN14.6.

1.2.1.5 Design Life

The design life ofthe 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 of40 years. The design considerations that assure the HI-STORM. 100 Systemperforms
as designed throughout the service life include the following:

HI-STORM Overpack and HI-TRAC Transfer Cask

o Exposure to Enviromnental Effects
CD Material Degradation
o Maintenance and Inspection Provisions

o Corrosion
o Structural Fatigue Effects
o Maintenance of Helium Atmosphere
CD Allowable Fuel Cladding Temperatures
o 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

1.2.2.1

Operational Characteristics

Design Features

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

The free volume ofthe 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 intemal 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 lOO are designed to maintain the neutron
multiplication factor k-effective (including uncertainties and calculational bias) at less than 0.95
under all nonnal, off-nonnal, and accident conditions ofstorage as analyzed in Chapter 6. This level
of conservatism and safety margins is maintained, while providing the highest storage capacity.

1.2.2.2 Sequence ofOperations

Table 1.2.6 provides the basic sequence ofoperations necessary to defuel a spent fuel pool using the
HI-STORM 100 System. The detailed sequence of steps for storage-related loading and handling
operations is provided in Chapter 8 and is supported by the drawings in Section 1.5. A summary of
the general actions needed for the loading and unloading operations is provided below. Figures
1.2.16 and 1.2.17 provide a pictorial view oftypical 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 a25%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 ofcontaminating the outer surfaces ofthe MPc. TheMPC 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 arelowered 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-JRAC 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 ofthe 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
ofthe MPC lid and the upper flange ofHI-TRAC are decontaminated. The inflatable annulus seal is
removed, and an mmulus shield is installed. The annulus shield provides additional persollilel
shielding at the top of the annulus and also prevents small items from being dropped into the
annulus. The Automated Welding System baseplate shield (ifused) is installed to reduce dose rates
around the top ofthe 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 perfonned 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 oftest performed (hydrostatic or pneumatic), a pressure test ofthe MPC enclosure
vessel is perfonned.

For MPCs containing all moderate bumup fuel, a Vacuum Drying System (VDS) may be used to
remove moisture from the MPC cavity. The VDS is cOllilected 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 fonnation 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 ofhigh bumup fuel and as an optionfor storage ofmoderate burnup fuel, the reduction
of residual moisture in the MPC to trace amounts is accomplished using a Forced Helium
Dehydration (FHD) system, as described in Appendix 2.B. Relatively wannand 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 ofthe MPC and
through appropriate equipment to cool and remove the absorbed water from the gas. The dry gas
may be heated prior to its return to the MPC in a closed loop system to accelerate the rate of
moistureremoval in the MPC. This process is continued until the temperature ofthe gas exiting the
demoisturizing module described in Appendix 2.B meets the specified limit.

Following moisture removal, the MPC is backfilled with a predetennined amount ofhelium gas. The
helium backfill ensures adequateheat transfer during storage and provides an inert atmosphere for
long-tennfuel integrity. Cover plates are installed and seal-welded over the MPC vent and drain
ports with liquid penetrant examinationsperfonned on the root and final passes. The cover plates
are helium leakage tested to confinn 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 ofthe MPC lid and cover plates confmement closure welds. Tack welds
are visually examined, and the root and final welds are inspected using the liquid penetrant
examination teclmique to ensure weld integrity. The mmulus shield is removed and the remaining
water in the annulus is drained. The AWS Baseplate shield is removed. The MPC lid and accessible
areas ofthe top ofthe 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 suppOli the MPC during the transfer operations.

MPC transfer from the HI-TRAC transfer cask into the overpack may be perfonned 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. Ifusing HI-TRAC lOOD or 125D, the HI-STORM mating device is
placed (bolted if required by generic or site specific seismic evaluation) to the top of the empty
overpack (Figure 1.2.18). The loaded HI-TRAC is placed using the fuel building crane on top ofHI
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 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 the HI-TRAC is prepared for removal from on top
of HI-STORM (with HI-TRAC lOOD and 125D, the transfer cask must first be disconnected from
the mating device). For theEl-STORM 100S and HI-STORM 1OOS 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 inselis, 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 lOOD 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.

ForMPC transfers outside of thefuel 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 lOOD and 125D, the mating device is positioned (bolted
ifrequired by generic or site specific seismic evaluation) atop the overpack. The 10adedEI-TRAC is
transported to the cask transfer facility in the vertical or horizontal orientation. A number ofmethods
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 trmmions they are used to engage the HI-TRAe 100 or 125
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pocket tmnnions. While the loaded HI-TRAC is lifted by the lifting trmmions, the HI-TRAC is
lowered onto the cradle rotation tmmlions. Then, the crane lowers and the HI-TRAC pivots around
the pocket tmnnions and is placed in the horizontal position in the cradle.

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

If the loaded HI-TRAC is transfelTed 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 transfelTed to the cask
transfer facility in the vertical orientation, the HI-TRAC may be lifted by the lifting trmmions or
seated on the transpOli vehicle. During the transpOli ofthe 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 and a decay heat load that would yield a peak HBF cladding
temperature above the long-term temperature limit, 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 HI-STORM overpack, regardless of decay heat load.

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

After theHI-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 theHI-TRAC 100D and 125D, the pool lid is removed using the mating device. The
MPC is lowered into HI-STORM. Following verification that the MPC is fully lowered, slings are
disconnected and lowered onto the MPC lid. For the HI-STORM 100, the doors are closed and HI
TRACis removed fi'omontopofHI-STORM or disconnected from the mating device,as applicable.

For the HI-STORM! OOSand the HI-STORM 100S 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-TRACis then removed. and placed in its
designated storage location. The MPC lift cleats and slings are removed fi'om 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 lOOD 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-STORJ'vf has been loaded either within the fuel building or at a dedicated cask transfer
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facility, the HI-STORM is then moved to its designated position on the ISFSI pad. The HI-STORM
overpack may be moved using a number ofmethods 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 persOlmel safety during the unloading operations, and toprevent
therisk ofMPC 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 inselis are installed, and the
MPC lift cleats are attached to the MPC. For HI-TRAC 100D and l25D, the mating device is
installed. Rigging is attached to the MPC lift cleats. For theHI-STORM 100S and HI-STORM 100S
Version B with the standard HI-TRACdesign, the transfer doors may need to be opened to avoid
interfering with the MPC lift cleats. For the HI-TRAC 1OOD and l25D, the mating device (possibly
containing the pool lid) is secured to the top ofthe 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 l25D, the pool lid is ensured to be out of the transfer path for the MPC. The MPC is
raised into HI-TRAC. Once the MPC is raised into HI-TRAC, the standard design HI-TRAC transfer
lid doors are closed and the locking pins are installed. For the HI-TRAC 100D and l25D, the pool
lid is installed and the transfer cask is unsecured from the mating device. HI-TRAGis removed frOlll
on top of HI-STORM. As required .based on the presence of high burnup fuel and the decay heat
load, 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 forbottom
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, ifnecessary). The an..llulus and HI-TR.AC top surfaces are protected from debris that
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will be produced when removing the MPC lid.

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 hmer cavity of the MPC, while providing a hennetic seal. The MPC is flooded
with borated or unborated water, as required. The MPC lid-to-MPC shell weld is removed. Then, all
weld removal equipment is removed with the MPC lid left in place.

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

1.2.2.3

1.2.2.3.1

Identification of Subjects for Safety and Reliability Analysis

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 MPCduring 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 lOB 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-24Eand24EF (all with higher enriched fuel) and the MPC-32 and MPC-32F
take credit for soluble boron in the MPC water for criticality prevention during wet loading and
unloading operations. Boron credit is only necessary for these PWR MPCs during loading and
unloading operations that take place under water. During storage, with the MPC cavity dry and
sealed from the environment, criticality control measures beyond the fixed neutron poisons affixed
to the storage cellwalls are not necessary because ofthe low reactivity ofthe fuel in thedry, 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 ofthe 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 ofaction in the wake ofpostulated
accidents.

1.2.2.3.4 Instrumentation

As stated earlier, the HI-STORM 100 confmementboundary 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 ofthe 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 oftheirpassive 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 ofMPCs. The MPCs are designed
to store both BWR and PWR spent nuclear fuel assemblies. Tables 1.2.1 and 1.2.2 provide key
system data and parameters for the MPCs. A description ofacceptable 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 defmitions of these terms in Table 1.0.1. A
summary ofthe types offuel authOlized 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
Section2.1. All fuel assemblies classified as damaged fuel or fuel debris must be stored in damaged
fuel containers.

MPC-24

TheMPC-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 and MPC-24EF

The MPC-24E and MPC-24EF are 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
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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 and MPC-32F

The MPC-32 and MPC-32F are designed to store up to thirty two (32) PWR fuel assemblies with or
without non-fuel hardware. Up to eight (8) ofthese 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-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-68 and MPC-68FF

The MPC-68 and MPC-68FF are designed to accommodate up to sixty,,;eight (68) BWR fuel
assemblies with or without chmmels. Any number ofthese fuel assemblies may be Dresden Unit
1 or Humboldt Bay BWR fuel assemblies classified as intactfuel 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 thanDresden 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) ofthe 16fuel 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 ofthe fuel storage locations may be filled with intact BWR fuel assemblies,
up to a total of 68.
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Table 1.2.]

KEY SYSTEM DATA FOR HI-STORM 100 SYSTEM

ITEM

Types of MPCs

MPC storage capacityt:

QUANTITY

8

MPC-24

MPC-24E

MPC-24EF

MPC-32

MPC-32F

NOTES
5 forPWR
3 forBWR

Up to 24 intact ZR or stainless
steel clad PWR fuel assemblies
with or without non-fuel
hardware. Up to four damaged
fuel assemblies and/or fuel
assemblies classified as fuel
debris may be stored in the MPC
24E or 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 and/or fuel assemblies
classified as fuel debris may be
stored in the MPC-32 or MPC
32F.

t See Section 2. 1 for a complete description of authOlized cask contents and fuel specifications.
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Table 1.2.1 (continued)
KEY SYSTEM DATA FOR HI-STORM 100 SYSTEM

ITEM
MPC storage capacity:

QUANTITY
MPC-68F

MPC-68

MPC-68FF

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

OR

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

KEY PARAMETERS FOR HI-STORM 100 MULTI-PURPOSE CANISTERS

PWR BWR

Pre-disposal service life (years) 40 40

Design temperature, max.lmin. (OP) 7250t/_40ott 725ot/_40ott

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

Total heat load, max. (kW) 36.9 36.9

Maximum permissible peak fuel
cladding temperature:

Long Tenn Normal (OP) 752 752
Short Tenn Operations COP) 752 or 1058ttt 752 or 1058ttt

Off-normal and Accident (OP) 1058 1058

t

tt

ttt

Maximum nonnal condition design temperatures for theMPC fuel basket. A complete
listing of design temperatures for all components is provided in Table 2.2.3.

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

See Section 4.5 for discussion of the applicability of the 1058°p temperature limit during
MPC drying.
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Table 1.2.2 (cont' d)

KEY PARAMETERS FOR HI-STORM 100 MULTI-PURPOSE CANISTERS

MPC internal environment Helium fill
(99.995% fill helium purity)

MPC-24
(heat load S 27.77 kW)

(heat load> 27.77 kW)

MPC-24E/24EF
(heat load S 28.17 kW)

(heat load> 28.17 kW)

MPC-68/68F/68FF
(heat load S 28.19 kW)

(heat load >28.19 kW)

MPC-32/32F
(heat load S 28.74 kW)

(heat load >28.74 kW)

Maximumpern1issible multiplication
factor (keff) including all
uncertainties and biases

Fixed Neutron Absorber lOB Areal
Density (g/cm2

)

Boral/Metamic

End closure(s)

Fuel handling

Heat dissipation

PWR
(all pressure ranges are at a

reference temperature of 70°F)

2: 29.3 psig and S 48.5 psig
OR

0.1212 +1-10% g-moles/liter

2: 45.5 psig and S48.5 psig

2: 29.3 psig and S 48.5 psig
OR

0.1212 +1-10% g-moles/liter

2: 45.5 psig and S 48.5 psig

2: 29.3 psig and S 48.5 psig
OR

0.1212 +1-10% g-moles/liter

> 45.5 psig and < 48.5 psig

< 0.95

0.0267/0.0223 (MPC-24)

0.0372/0.0310 (MPC-24E,
MPC-24EF MPC-32 & MPC

32F)

Welded

Opening compatible with
standard grapples

Passive

BWR
(all pressure ranges are at a

reference temperahlre of 70°F)

2: 29.3 psig and S 48.5 psig
OR

0.1218 +1-10% g-moles/liter

2: 45.5 psig and S 48.5 psig

<0.95

0.0372/0.0310
(MPC-68 & MPC-68FF)

O.OIINA (MPC-68F) (See Note I)

Welded

Opening compatible with standard
grapples

Passive

NOTE:
I. All MPC-68F canisters are equipped with Boral neutron absorber.
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Table 1.2.3

INTENTIONALLY DELETED
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Table 1.2.4

INTENTIONALLY DELETED
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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-TR.AC and ~.1PC 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 extemal surfaces decontaminated

7 MPG.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 l25D)

9 MPC lowered and seated on HI-TRAC transfer lid (not applicable to HI-TRAC lOOD
or l25D)

9a HI-STORM mating device secured to top of empty HI-STORM overpack (HI-TRAC
lOOD and l25D only)

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

11 MPC weight supported by rigging and transfer lid doors opened (standard design HI-
TRAG) or pool lid removed (HI-TRAC 100D and l25D)

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

l2a HI-STORM mating device removed (HI-TRAC 100D and l25D only)

13 HI-STORM overpack lid installed and bolted in place

14 HI-STORM overpack placed in storage at theISFSI pad

15 For HI-STORM lOOA (or lOOSA) 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 lOOA ANCHORAGE SYSTEM

ASME MATERIALS FOR BOLTING

Type Grade or Ultimate Yield Strength Code
Composition LD. UNCNo. Strength (ksi) Pennitted

(ksi) Size
Ranget

C SA-354 BC
125 109 t::; 2.5"

K04100
%Cr SA-574 5IB37M 170 135 t::::: 5/8"
1 Cr-1/5 Mo SA-574 4142 170 135 t::::: 5/8"
1 Cr-1/2 Mo-V SA-540 B21

165 150 t::; 4"
(K 14073)

5 Cr- Yz Mo SA-193 B7 125 105 t::; 2.5"
2N j - % Cr - 1;4 Mo SA-540 B23

135 120
(H-43400)

2Nj - % Cr - 1/3 Mo SA-540 B-24
135 120(K-24064)

17Cr-4Ni-4Cu SA-564 630 (H-ll00) 140 115
17Cr-4Ni-4Cu SA-564 630 (H-1075) 145 125
25Ni-15Cr-2Ti SA-638 660 130 85
22CR-13Ni-5Mn SA-479 XM-19

135 105
(S2091O)

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
meetthe 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 IOOA.
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Table 1.2.8

METAMIC® DATA FOR HOLTEC MPCs

MPC Type Min. B-10 areal Nominal Weight Percent ofB4C and
density required Reference METAlYD.(!ID Panel Thickness

by criticality
analysis 100% 90% 75% Ref.
(g/cm2

) Credit Credit Credit Thiclmess
(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-lO areal density is
conservative under all conditions.
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1. MPC UPENDING 2, MPC INSTALLATION IN HI-TRAC
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5. FUEL LOADING
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13, SAMPLE MPC TRANSFER MODES

Figure 1.2.16d; Major ID-STORM 100 Loading Operations (Sheet 4 of 6)
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14, SAMPLE HI-STORM HANDLING METHODS
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Figure 1.2.16e; Example of ill-STORM 100 Handling Options (Sheet 5 of 6)
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15. SAMPLE HI-TRAC HANDLING METHODS
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Figure 1.2.16f; Example ofm·TRAC Handling Options (Sheet 6 of 6)
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13, MPCANDHI-TRACDECONTAMINATION
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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 tumkey wet storage capacity expansions (engineering, licensing,
fabrication, removal ofexisting racks, performance ofunderwater modifications, volume reduction
of the old racks and hardware, installation of new racks, and commissioning of the pool for
increased storage capacity) in numerous plants around the world. Over 45 plants in the U.S., Britain,
Brazil, Korea, and Taiwan have utilized Holtec's wet storage technology to extend their in-pool
storage capacity.

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

Holtec International's quality assurance program was originally developed to meet NRC
requirements delineated in 10CFR50, Appendix B, and was expanded to include provisions of
lOCFR71, SubpartH, and lOCFR72, SubpartG, 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, constmction, 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) ofPittsburgh,
PelIDsylvania; 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 10CFR50 Appendix B criteria. Extensive prototypical fabrication ofthe MPCs has
been carried out at the HMD shop to resolve fixturing and tolerance issues. Ifanother fabricator is to
be usedfor the fabrication ofany part ofthe HI-STORM 100 System, the proposed fabricator will be
evaluated and audited in accordance with Holtec International's quality assurance program.

Construction, assembly, and operations on-site may be performed by Holtec or a licensee as the
prime .contractor. A licensee shall be suitably qualified and experienced to perform selected
activities. Typical licensees are technically qualified and experienced in commercial nuclear power
plant construction and operation activities under a·quality assurance program meeting 10CFR50
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 ofcasks and between each adjacent column ofcasks are denoted by PI andP2
In Table 1.4.1. There may be an unlimited number ofrows. 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 pattem ofrequired pitches and distances may be repeated for an unlimited number ofcolumns.

For a square array ofcasks the pitch between adjacent casks may be in accordance with Table 1.4.2.
See Figure 1.4.2 for further clarification. The data in Table 1.4.2 provide nominal values for large
ISFSIs (i.e., those with hundreds of casks in a uniform layout), where access of feed air to the
centrally located casks may become a matter ofthermal 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 ofthe 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, PI, 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 1.4.1; CASK LAYOUT PITCH REQUIREMENTS
BASED ON 2 BY N ARRAY(S)
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1.5 DRAWINGS

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

Drawing
Description Rev.

NumberlSheet
3923 IVIPC Enclosure Vessel 20
3925 MPC-24E/EF Fuel Basket Assemblv 8
3926 MPC-24 Fuel Basket Assembly 10
3927 MPC-32 Fuel Basket Assembly 15
3928 MPC-68/68F/68FF Basket Assembly 12
1495 Sht 116 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" ofHI-STORM 15
1561 Sht 116 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 ofHI-STORM 12
3669 HI-STORM 100S Assembly 16
1880 Sht 1110 125 Ton HI-TRAC Outline with Pool Lid 9
1880 Sht 2/10 125 Ton HI-TRAC Body Sectioned Elevation 10
1880 Sht 3/10 125 Ton HI-TRAC Body Sectioned Elevation "B" - "B" 9
1880 Sht 4/10 125 Ton Transfer Cask Detail of Bottom Flange 10
1880 Sht 5110 125 Ton Transfer Cask Detail ofPool Lid 10
1880 Sht 6/10 125 Ton Transfer Cask Detail of Top Flange 10
1880 Sht 7/10 125 Ton Transfer Cask Detail of Top Lid 9
1880 Sht 8/1 0 125 Ton Transfer Cask View "Y" - "Y" 9

1880 Sht 9110
125 Ton Transfer Cask Lifting Tmnnion and Locking

7
Pad

1880 Sht 10110 125 Ton Transfer Cask View "Z" - "z" 9
1928 Sht 112 125 Ton HI-TRAC Transfer Lid Housing Detail 11
1928 Sht 2/2 125 Ton HI-TRAC Transfer Lid Door Detail 10
2145 Sht 1110 100 Ton HI-TRAC Outline with Pool Lid 8
2145 Sht 2110 100 Ton HI-TRAC Body Sectioned Elevation 8
2145 Sht 3110 100 Ton HI-TRAC Body Sectioned Elevation 'B-B' 8
2145 Sht 4/10 100Ton HI-TRAC Detail of Bottom Flange 7
2145 Sht 5/10 100 Ton HI-TRAC Detail ofPool Lid 6
2145 Sht 6/10 100 Ton HI-TRAC Detail of Top Flange 8
2145 Sht 7110 100 Ton HI-TRAC Detail of Top Lid 8
2145 Sht 8/10 100 Ton HI-TRAC View Y-Y 8
2145 Sht 9110 100 Ton HI-TRAC Lifting Tmnnions and Locking Pad 5
2145 Sht 10110 100 Ton HI-TRAC View Z-Z 7
2152 Sht 1/2 100 Ton HI-TRAC Transfer Lid Housing Detail 10
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Drawing
Description Rev.

Number/Sheet
2152 Sht 2/2 100 Ton HI-TRAC Transfer Lid Door Detail 8
3187 Lug and Anchoring Detail for HI-STORM 100A 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 8
4116 HI-STORM 100S Version B 19
4128 100 Ton HI-TRAC 100D Assembly 5
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llFTHOLES 1314.SUNCX3"DP.(MIN.)
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C

B

1 3/4"-5UNC X 3" LG.
HEX BOLT W/31O" HEAD
(TYP.4 PLACES)

DETAIL E

11'12110" THRUWlTH
¢4 112" X 1/2" DP. CEORE
(TYP.4 PLACES)

~3/B' <"1
F' ~INI

O'

DRAIN PORT

~--. ---V·(~~~~I

180· '
I '
I I
, I

--1---4 I

270· SECTION VIEW WITH SHIELD LID

20[5

•••1111 GENERAL

H 0 L TEe ""'"·'MPC SERIAL #1021-040
I NTERNATIO NAL ENCLOSURE VESSEL
&~~~r8§,EfL~~wEST LID DETAILS

1 1__ IA

2

I. 5014 \c;9'2s."3giit3921,3928
N/A

4

/~\r3/8'

MPC LID ELEVATION VIEW
( SHIELD LID NOT SHOWN)

6

MPC LID PLAN VIEW
( SHIELD LID NOT SHOWN)

Q U gI[ trW:; :lJ'
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90'

C

D

B

DETAIL E
{SEE NOTE 1, THIS SHEET}

"~'tr '\'1
~

L 314" (MIN.)

CJ65.S" (MIN.)
(SEE NOTE 1. THIS SHEET)

0'

DRAIN PORT

(,053"
(NOM.)r--'--

180' III I I 7~ ! I II~
, I I
<Jr---f--~

270'

I"", IA

-~ I
-- -:--- --c- .,. .,. ,_--:- --:" __-------..,.------.----

~til~~J~S~ll~UCTURAL~
VT

20

111111111111 GENERAL I
HOl TEe ....
INTERNATIONAL

~P5Lli;~g[f~b'ii'-I\IEWEST
MARln:m, IlJ OilOSJ

2

I 5014 IJ925~·'j9i67Jg27.3928

N/A
45

MPC LID

67

NOTE:

1. THE OPTIONAL LID DESIGN SHOWN ON THIS SHEET MAY BE USED WITH
THE MPC-6B PROVIDED THE MPC SHEll IS MODIFIED. AS SHOWN ON
DETAIL 0 (SHEET 3), WITH A ," UPPER SHELL THICI~NESS (SMDR 1269
AND SMOR 1364).
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CLIENT LICENSING DRAWING PACKAGE C:QVER SHEETGENERAL

PROJECT NO. 1022 P.O.NO. NIA 13. DELETED.

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

DRAWING 3925 TOTAL 4 REVISION LOG 15. ALL WELD SIZES ARE MINIMUMS. LARGER WELDS ARE PERMITTED.
PACKAGE J.D. SHEETS LOCAL AREAS OF UNDERSIZE WELDS ARE ACCEPTABLE WITHIN

THE LIMITS SPECIFIED IN THE ASME CODE, AS CLARIFIED IN THE

REV AFFECTED DRAWING SUMMARY OF CHANGESI PREPARED APPROVAL VIRlit
(F)SAR.

SHEET NUMBERS AFFECTED ECOs BY DATE

0 lNlllALISSUE 1022,38 SLC 5/30/02 17385 16. ~~~E~01~[~fEc8~rg~~~~r\'g~:6-5~2~~5~e:;"~I~~b'%?r
EACH INDIVIDUAL SERIAL NUMBER.

LICENSING DRAWING PACKAGE CONTENTS: 1 ALL 1022-3B, REV, 1 SLC 111211102 69345 17. THE MPC-Z4E1EF IS CERTIFIED FOR STORAGE AND TRANSPORTATION
OF INTACT AND DAMAGED PWR FUEL AND PWR FUEL CLASSIFIED AS

2 SHEETS 2&3 1022-30, REV. 0 & 5014-82, REV. 0 SLC 4/23103 61822 FUEL DEBRIS, AS SPECIFIED IN CDC, 7Z-1D14, AND 71·9261.

SHEET DESCRIPTION 3 SHEETS 1,2. &4 1022-411 SLC 5119103 40190 16. P~~6~~I~,tj~~g~I~.~~ ~~~~"'fd"~~~c2+~t~~ g~~'G'lIit ~~~~~R
THE COMPONENT OR PART. NOMINAL DIMENSIONS HAVE NO SPECIFIC

t caVER SHEET 4 SHEETS 1. 3, & 4 1022-51 SLC 7111/03 34515 TOLERANCE, BUT ARE MET THROUGH FABRICATiON IN ACCORDANCE
WITH OTHER DIMENSiONS THAT ARE TOLERANCED AND INSPECTED.

2 FUEL BASKET ARRANGEMENT NOMINAL DIMENSIONS ARE NOT SPECIFICALLY VERIFIED DURING THE
5 SHEETz 1022·57 SLC 9/27/04 57814 FABRICATION PROCESS.

3 FUEL BASKET LAYOUT AND WELD DETAILS

4 FUEL BASKET SUPPORT DETAILS 6 SHEETS 2,3, &4 1022-611, REV. 0 SLC 06114/06 49580 19. NEUTRON ABSORBER PANELS MAY BE MADE UP OF ONE LONG PANEL
OF INDICATED WIDTH OR TWO SHORTER PANELS OF INDiCATED WIDTH

7 1022·67. REV. 0 SLC 10105106
AS LONG AS THE TOTAL LENGTH IS MAINTAINED AS INDICATED AND THE

SHEETS 1, 2, & 3 35683 GAP BETWEEN PANELS IS MAINTAINED AT NO MORE THAN 1/4". I

8 SHEET 3 1022-76, REV. 0 SLC 07123106 41111
20. NEUTRON ABSORBER PANELS MAY HAVE A REDUCTION IN WIDTH OF

UPTO 1/32" OVER A LENGTH OF NO MORE THAN 12" PROVIDED THE
AVERAGE WIDTH OF THE PANEL IS NO LESS THAN THE MINIMUM
SPECIFIED.

t TilE \'ALIDAnON IDENTIFICATION RECORD (VIR} NUMBER \S A COfl.lPUTER GENERATED RANDOM NUMBER WHIel-!
CONFIRMS nIAT ALL APPROPRIATE REVIEWS 01' nns ORAWING ARE DOCUME!'o'TED IN COMPANY'S NETWORK.

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

IFROM 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
~:Jia~iPrr. TO ANY SHEET(S) IN THIS PACKAGE REQUIRES UPDATING OF REViSiON NUMBERS OF ALL SHEETS TO THE NEXT REViSiON

4. t~M~~~ ~~~~~~.pfr!J~5~~~~~~~W~ g~R.fA(I~SA~~~g~~1J 11~E~\\~n'?-YE~~ d~¥~~Prf;,tJ:~~Elt70 i9~.~ if~Js~g¥~~~I~~)
I~~~t~tT~J~\:!-Jtihl~J~~?BFJtd'I~T~70Es~~Crf~h~pAg~m~~?~~6~~X~lg+~~~~E~~C6RW~~~I~~~~~~~T6~~MI,

ALTERNATIVES REQUIRE PRIOR NRC APPROVAL BEFORE IMPLEMENTATION. I
5.ALL MPC BASI(ET STRUCTURAL MATERIALS COMPLY WITH THE REQUIREMENTS OF ASME SECTiON II, PART A. WELD MATERIAL

COMPLIES WITH THE REQUIREMENTS OF ASME SECTION II. PART C.

6. ALL WELDS REQUIRE ViSUAL EXAMINATiON (VT). ADDITIONAL NDE INSPECTIONS ARE NOTED ON THE DRAWING AS REQUIRED. NDE
TECHNIQUES AND ACCEPTANCE CRITERIA ARE GOVERNED BY ASME SECTIONS V AND III. RESPECTIVELY. AS CLARIFIED IN THE i
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-24E1EF BASKET ARE SPECIFICALLY NOTED.

11. BOTH BORALAND METAMIC ARE APPROVED FOR USE AS NEUTRON ABSORBERS. NEUTRON ABSORBER PANELS ARE INTENDED MPC·24E1EF FUEL BASKET
TO HAVE NO SIGNIFICANT FLAWS. HOWEVER, TO ACCOUNT FOR MANUFACTURING DEVIATiONS OCCURING DURING INSTALLATION ISOMETRIC VIEW
OF THE PANELS INTO THE MPC FUEL BASI(ET. NEUTRON ABSORBER DAMAGE OF UP TO THE EQUIVALENT OF A 1" 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 PERMITIED IF:

A) THE TOTAL AREA OF DAMAGE DOES NOT EXCEED 5 SQ. IN. AND; A
",".'j1

B) THE DAMAGE IS LOCATED WITHIN THE TOP OR BOTTOM 27" OF THE PANEL AND; 1111111111 GENERAL
C) THE DAMAGE DOES NOT EXTEND FARTHER THAN 1" FROM THE EDGE OF THE HOLTEC ~,,,:'."''''''

PANEL AND; MPC-24E/EF
INTERNATIONAL

FUEL BASKETDj NO MORE THAN EIGHT PANELS WITHIN A BASKET HAVE THIS CONDITION.
~1~~~g~.rUp~WEST ASSEMBLY

12. THiS COMPONENT IS CLASSiFIED AS ITS-A BASED ON THE HIGHEST CLASSIFICATION OF ANY SUBCOMPONENT. SUBCOMPONENT
e ••,C. 1022 0"""""<)

/"" 1 I"""CLASSiFICATiONS ARE PROVIDED IN SAR TABLE 1.3.3 (TRANSPORTATION) AND FSAR TABLE 2.2.6 (STORAGE). 3925 4
"''''' N/A ,,,.,,,..

" ,
7 6 4 3 2 Al.\l1l>19,:anfi



8 7 6 5 4 2

D

B

C

8

23/8"±1/2"
(TYP. TOP
AND BOTIOM)
(SEE NOTE 5)

I""" IA

•••1Il1ll1 GENERAL I
H 0 L T E C'''''''"'
INTERNATIONAL
ftOlTECCl;:t-ITER
555 LmCOlH CEtHER
MARLTDrJ,NJOIXl:iJ

ii
!!

I !!
ii" !rth, ii

th,V rr "lJrlf'

R.2"i1/2"
(TYP. TOP AND

BOTTOM)

2

I 1022 1'92;"""·'"
NfA

3

ISOMETRIC ASSEMBLY VIEW

I 64114· I
,'----;'n-II'I ,.",..., -.----rr-rr-l rrr--T

O'

176112"±1I4"
EE NOTE3

HIS SHEET)

'8"+3/8"
P,FOR

UTRON
SORBER)
E NOTE 5)

456

7..~~~~~~~~~B~~~~i~w;~~I~~~lt?c?1Jti~~E~lJ~~~~+~~~~5£~~~~*b~G
SHEATHlII/G o,oa" (NOM.) THK.

8. b~~1~~~~~f~~~~tci~~9t.~~~~~~~8~~~~~X~gl~~~!~~$S~~'G
SHEATHING 0.06" (NOM.)THK.

(MACHINETOFITl

,liON

PLATE (TYP.)

22

MPC SHELL
(SEE DWG. 3923)

I
1

liN. X 1557/S"M
-lEATHING O.06.t~Nci~~ii~~M.) LG~
1IN.X 1557/0" . ' 5116"TH
;EATHING O.06~II~~~j ~~~.I LG. CELL J7Ad"~~'v.\ r~~fb%E "IT

NIAE
15

5116" THK. CELL
SPACER(TYP.

WIDE NEUTRON ABSOR
AND SHEATH

(SEE NOTES 1 & 7. THIS sfJ

NARROW NEUTRON ABSORBEI
AND SHEATHINI

(TVP
(SEE NOTES 2 & II, THIS SHEET

6. ONLY FUEL STORAGE LOCATIONS 3, 6, 19•.'o'ND 22 CAN ACCOMMODATE DAMAGED FUEL
ANDIOR FUEL DEBRIS.

5.

7

NOTES:

1. ~~f8'~JN~J~J~~1~ L~~~il>J1rh): ~.J3¥

2. ~W1:f~~9JSJ~~hm~Mi~~H~~~3~1
3. TROJAN BASKET HEIGHT IS 167 1/4", EX'

ARE 163 114".:.114" HIGH.

4. EACH FUEL STORAGE LOCATION IS Gl
TO PROVIDE A UNIFORM SYSTEM FOR
FUEL ASSEMSLY.
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64.23
{NOM

62.63
(NOM.)

46.00
(NOM.)

2

2

.----------r;:;:;---------jA
.11I••11I oC," GENERAL

H 0 L TEe ","., MPC-24EJEF
INTERNATIONAL FUEL BASKET

~~~~~E~,EiZb!f~~WEST LAYOUT AND WELD DETAILS

II

1 IV" 13923

3

3

9.051.06 SQ. TYP.
FOR CELLS

1-3,6,19,&22 -
(SEE NOTE 1
THiS SHEET)

6

22
.776 MIN.
FLUX TRAP (TYP.

1- ~~6~ f9~~ltl
(SEE NOTES 2
THIS SHEET)

F-I~\! II

5

Ii

4

r=

4

5116" (THK.)
(TYP.)

111-~-+----rI\-+I-~-~~~~j25

rr
!

i II III 21
I

1'*

1vtJT1t',

23

!

r~H~~~S " r:Hr~~S
VT / .197 VT

4

20

5

3

\"

L/

7

6

J7
----

TYP. FOR
l·SHAPES • • . •
VT ..08/ . .

6

II \

11/

i 11 12i~··----r-
, 5.424

(NOM.) 23.79

180'+- ----$-----.--3j --- ----- O~ 10.B4'LOO (NOM.)

17 --j--tt----.J-
13 III III 14 III III 15 I 16 I

M
ELL

NOTES:

1. DIMENSION OF CELLS 3, 6, 19, AND 22 FOR TROJAN
BASKET IS 9.30":!;.06" SQ•

2. DIMENSioN OF FLUX TRAP FOR TROJAN BASKET IS 0.626" MIN.

3. DELETED.

4. LENGTH AND SPACING OF WELD ON SIDES OF SHEATHING CAN VARY PROVIDED
TOTAL SHEATHING WELD PER PIECE IS NOT LESS THAN 65" FOR WIDE NEUTRON
ABSORBER PANELS OR 67S FOR NARROW NEUTRON ABSORBER PANELS, AND

THERE IS A MINIMUM OF 19" OF WELD ALONG EACH SIDE OF THE SHEATHING PANEL

VT TYP. FOR
VERTICAL
¥g!jfJL~I~'kl / 1".2-11
(SEE NOTE 4. THIS SHEET)

&,

&,
VTTYP

7

7

VT
TYP.24

DETAILD

DETAIL F

DETAILG

DETAILB

c ~ ~
TYP~

VT ') •._" __ ""

VT
TYP.

8

,

!
!
j

i
i
j

j

j

___________________________--l
i
i
i
i
!
i
i

DETAILC j

------------------------~
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!
i
i
i
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------~-----------------------l

i
~ .1~ :

TYP. .197 I
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-~-);;;fV-··---'TYP. .197 i

!
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i
i
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.197 VT 1
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WIDE SHIM

r-- '''" (NOM.l --j

LTD

2
NIA

2

.60 1r-MIN. I

Iu3"Nt

"-If 51B" (NOM.lr--- 16'" (Noi:~"~g~~~OJANMPC5---jr =fifOMlOI 0 1

3= \Nl

"~",," 1022

651116"~~;~:

4

45

90'

270'

655132·:;/0'
-1/4"

6

6

7

VT
TYP.
(SEE NOTE 1)

34'rl

180'

7

1/~~~

~

8

THIN SHIM
~ (ALLOYXj

DElAIL H ~a~~~~!
(TYP.OF B)

NOTE:

1. THE MPC BAS1<ET SUPPORTS ARE WELDED TO THE INSIDE
SURFACE Of THE MPC SHELL. THEY MAY INCLUDE ADJUSTABLE
SHIMS TO ENSURE THE NECESSARY CLEARANCE BElWEEN THE
BASKET TOUCH POINTS AND THE BASKET SUPPORTS.
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67 I 1

~L1ENT LICENSING DRAWING PACKAGE ClOVER SHEETGENERAL

'ROJECT NO. 1022 P.O.NO. N/A
14. TOLERANCES FOR THICKNESS OF ASME CODE MATERIAL

REVISION LOG ARE SPECIFIED IN ASME SECTION II.

JRAWING 3926 TOTAL 4 15. ALL WELD SIZES ARE MINIMUMS. LARGER WELDS ARE PERMITTED.

'ACKAGE I.D. SHEETS AFFECTED DRAWING PREPARED APPROVAL
LOCAL AREAS OF UNDERSIZE WELDS ARE ACCEPTABLE WITHIN

REV SHEET NUMBERS
SUMMARY OF CHANGES/ VIR# t THE LIMITS SPECIFIED IN THE ASME CODE, AS CLARIFIED IN THE

AFFECTED EGOs BY DATE (F)SAR.

0 INITIAL ISSUE 1022·38 SLC 5130102 74916
16. ~R~E~o10pl~c8~-rg~~~~~g~l6B1J~I~~~~~~q-I<g~~~69t

1 ALL 1022-38, REV. 1 SLC IIf211f02 37611 EACH INDIVIDUAL SERIAL NUMBER.

LICENSING DRAWING PACKAGE CONTENTS:
2 1022-43, REV. 0 SlC 1019102. 84086

17. THE MPC-24IS CERTIFIED FOR STORAGE AND TRANSPORTATION
SHEET 1 OF INTACT PWR FUEL. AS SPECIFIED IN COC, 72-1008. 72-1014.

AND 71-9261.

3 SHEET 3 501Hz,REV.a SLC 3125/03 70654
18. DIMENSIONS NOTED AS NOMINAL ("NOM.") IN THE DRAWING ARE FOR

SHEET DESCRIPTION 4 SHEETS 1,2,&4 1022-48 SLC 5119103 13075
INFORMATiON ONLY. IN ORDER TO INDICATE THE GENERAL SiZE OF
THE COMPONENT OR PART. NOMINAL DIMENSIONS HAVE NO SPECIFIC

1 COVEHSHEET 5
TOLERANCE. BUT ARE MET THROUGH FABRICATiON IN ACCORDANCE

SHEETS 1,3, & 4 1022·51 SLC 7/11103 81349 WITH OTHER DIMENSIONS THIAT ARE TOLERANCED AND INSPECTED.
2 FUEL 13ASI<ET ARRANGEMENT NOMINAL DIMENSIONS ARE NOT SPECIFICALLY VERIFIED DURING THE

6 SHEETS 1, 2. &::1 1022·58 REV. 1 JJB 05112105 70914
FABRICATiON PROCESS.

3 FUEL BASI<ET LAYOUT AND WELD DETAILS 19. NEUTRON ABSORBER PANELS MAY BE MADE UP OF ONE LONG PANEL
4 FUEL BASKET SUPPOHTS 7 SHEET51&2 1022·59 REV. 1 JJB 06117105 42496 OF INDICATED WIDTH OR TWO SHORTER PANELS OF INDICATED WIDTH

AS LONG AS THE TOTAL LENGTH IS MAINTAINED AS INDICATED AND THE

8 SHEETS2&4 SlC 06114/06 34908 GAP BETWEEN PANELS IS MAINTAINED AT NO MORE THAN 1/4".
1022-GII,REV,0

20. NEUTRON ABSORBER PANELS MAY HAVE A REDUCTION IN WIDTH OF
9 SHEETS 1,2 & 3 1Q22-67,REV,0 SLC 10105106 86844 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

10 SHEET 3 1022-76, REV. 0 SLC 07123106 27520
SPECIFIED.

t THE VALIDATION IDENTIFICATION RECORD /VIR\ NUMBER IS ACOMPUTER (jENERATED RANDOM NUltlBER WHICH
CONFlRMS TlMT ALL APPROPRIATE REVIEWS OF TI-lIS DRAWING ARE DOCUMENTED IN COMPANY'S NEnVoRK..

GENERAL NOTES: ...
1. THE EQUIPMENT DESIGN DOCUMENTED IN THIS DRAWING PACf(AGE 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 STACI(-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. i!dh~~~~~~JRi:t~..P:1~~~~~~~~~T~ g~RfA\~Sfp~~g8~~ 1,9L~~~¥i~E~~~ tJ~jl€~?ri'l,tJ~~~~L'Io~9~i ~,tJ~~g~~~~I~~)
B

~U~l~tM~~~ls2J~J~k?B'1tDGI~!TU1N;:~C~i~:pAJ~fJ.fI~~f~~6~~Xklg-l~~8gR~"EW6~1i~~SSE~A~IfJJl§'c\'riM·
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. ~\J1=v::~~~~ra'D~~I~~~I~g~~Mt~~~AJ~?-I'IoIia)A~~D~g~~~~~gm:~~W~~gm5~~~ ~~b~~ ~~sT~E~~~Y:'~~~sAct~~:f,~~~1~'
THE APPLICABLE SAFETY ANALYSIS REPORTS. I

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 304 LN.

MPC-24 FUEL BASKET
10. BOTH BORAL AND METAMIC ARE APPROVED FOR USE AS NEUTRON ABSORBERS. NEUTRON ABSORBER PANELS ARE INTENDED ISOMETRIC VIEW

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 A
CLASSIFICATIONS ARE PROVIDED IN SAR TABLE 1.3.3 (TRANSPORTATION) AND FSAR TABLE 2.2.6 (STORAGE). ••••• CL"~'

12. FOR HI-STAR STORAGE. ALUMINUM HEAT CONDUCTION EUEMENTS ARE REQUIRED. GENERAL

HOLTEC "CO,""''''
MPC-2413. DELETED. INTERNATIONAL FUEL BASKET

~jfHil~51Wb'irIVEWEST ASSEMBLYMARLTON,WO!!ll5J

"'''''"''''' 1022
"'''',,''',,'' 3926 I"W 1 I ';f'

'0""
N/A ....""

8 5 4 2
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• •••• \ GENERAL I
H 0 L T E c",,·m,m
INTERNATIONAL
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BASKET ELEVATION VIEW

~ ~ LJ
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'J '" lr
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(TYP. TOP
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2

I 1022 13;;:""""~

N/A

ISOMETRIC ASSEMBLY VIEW

I 6411/16" I
-.,~--irii"II

27/E1""318"
(TYP.FOR
NEUTRON
ABSORBER)

G.

G.

2

176112"±1I4"

BASKET SUPPORT

rs~~·~HEET.41

4

4

·l~?lil~~iE~rr~~~i~'~~~?~~~Rfg6~G
DI~81¥'b.~:3Eg~~; ~~~ A'~;I~II~uU5~~g~~X61~G

OF 33%. METAMIC IS NOT REQUIRED TO BEPASS!VATED.
)THK.

DRAIN LINE
LOCATION

6

2221

2

4

6

20

(SEE NOTE 3
THIS SHEET)

19

7

5116" THK. ANGLED
CELL WALL (TYP.)

, '" ~
10

5f16"THK.CE

~I

SPACERfTY~~~\~~ ~ II II~X: 1III114

ABSORB~~~~'I,~ NEUTRONj
16

( HEATHING

II II

SEE NOTES 2 & 5 THIS sA1YJil
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II II 18
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DETAIL G
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62.63
(NOM.)

64.70
(NOM

46.00
jNOM.)

23.80
(NOM.)

2

_____ -;:;;;- -\A

I~~~~~ [,:~.. GENERAL

INTERNATiONAL
HOLTECcENTEA
555l~jCOUlDRIVE WEST
MARLTOJI,r/Joeo53

~'05

II

II
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WIDE SHIM

THIN SHIM

2

t . 160'(NOM.) . I

DO

I 16B"(NOM.) I

DO

1022

2

NOTE:

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.

I ...... I"""· GENERAL

NIA

.60 11-MIN. I

I~3"NL
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-114"
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6
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·114"

7
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(TYP. OF 4)

8

8
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DETAIL H
(TYP. OF 8)
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CLIENT LICENSING DRAWING PACKAGE COVER SHEETGENERAL

PROJECT NO. 1023 P.O.NO. NIA
REVISION LOG

DRAWING TOTAL IT IS MANDATORY AT EAOI REVISION TO COMPLETE THE REVIEW & APPROVAL LOG STORED IN HOLTEC"S 13. TOLERANCES FOR THICKNESS OF ASME CODE MATERIAL

3927 5 DIRECTORY N;\PDOXWIN\WORKINmDDAL BY ALL RELEVANT TEnINlcAL DlSClPLI!'<'ES. Pili AND 01\ PERSONNEL ARE SPECIFIED IN ASME SECTION II.

PACKAGE I.D. SHEETS EACH AITACHED ORAWING SHEET CONTAINS A1'>"NOTATED TRIANGLES INDICATR\CJ Tl-IE REVISION TO TIlE OIL-\.WING.
14. ALL WELD SIZES ARE MINIMUMS. LARGER WELDS ARE PERMITTED.

AFFECTED DRAWING SUMMARY OF CHANGES/ PREPARED APPROVAL
LOCAL AREAS OF UNDERSiZE WELDS ARE ACCEPTABLE WITHIN

REV VIR#. THE LIMITS SPECIFIED IN THE ASME CODE, AS CLARIFIED IN THE
SHEET NUMBERS AFFECTED ECOs BY DATE (F)SAR.

11 SHEET 4 102346 REV. 0 SLC 09/21/06 93452
15, ~~~~Rom,l~Ec8~g~~~~«g~tDL~~~~5~Bll~I\5'~~~~cr

DESIGN DRAWING PACKAGE CONTENTS: 12 SHEETS 1&2 1023-43, REV. 0 SLC 10/03/06 72109 EACH INDIVIDUAL SERIAL NUMBER.

13 SLC 02/06/08 79022
16. THE MPC·32IS CERTIFIED FOR STORAGE AND TRANSPORTATION

SHEETS 1,2.' 4, & 5 102J.-SO.REV.O OF INTACT PWR FUEL, AS SPECIFIED IN COCs 72-1014, AND 71-9261.

SHEET DESCRIPTION 14 SHEETS 1, 2, 4. & 5 1023-54. REV. 0 SLC 05/12/08 68940 17. ~bMRE~Wg~~,tJT~6~00~r ~9~~t6~;rR~\~6~cTI~ ~~~I~~E~I
1 COVER SHEET 15 07/23/08

SiZE OF THE COMPONENT OR PART. NOMINAL DIMENSiONS HAVE
SHEET 3 102J..55.REV.D SLC 87371 NO SPECIFIC TOLERANCE, BUT ARE MET THROUGH FABRICATiON

2 FUEL BASKET ARRAI~GEMENT IN ACCORDANCE WITH OTHER DIMENSiONS THAT ARE TOLERANCED
AND INSPECTED. NOMINAL DIMENSiONS ARE NOT SPECIFICALLY

3 FUEL BASKET tAYOUr AND WELD DETAILS VERIFIED DURING THE FABRICATION PROCESS.

4 STANDARD FUEL BASKET SUPPORTS 1B. NEUTRON ABSORBER PANELS MAY BE MADE UP OF ONE LONG PANEL
OF INDICATED WIDTH DR TWO SHORTER PANELS OF INDICATED WIDTH

s OPTIONAL FUEL BASKET SUPPORTS 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. DELETED.

tnn:: VALIDAnoN JDENTlFlCAnoN RECORD (VIR) NUMBER IS A COMPUTER GENERATED IL\NDOM NUMBEil wmcH
(Ul\'FlRMS TIlAT ALL APPROPRIATE REVIEWS OF THIS DRAWING ARE DOCUMENTEDlN COMPANY'S f'.;"EnVORK.

L

.-J1'MIl'..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 EOUIPMENT 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.

B
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 ANYSHEET(S) IN THIS PACKAGE REQUIRES UPDATING OF REViSiON NUMBERS OF ALL SHEETS TO THE NEXT REViSiON
NUMBER.

4, ~~~~~f(\~ ~~~~~.~~,p:fo~~~~~~~~~W~ g~RiA\~SA~~~ge~1i j;'CfE~~~!8~E~[~ ~~~g~7~l,r:~~~L11m IfJ,rJs~g~~~~II~~)
AND FSAR TABLE 2.2.15 (STORAGE-I. THE MPC FUEL BASKET IS CONSTRUCTED IN ACCORDANCE WITH ASME SECTiON III,
~~~~~~I!8~E~~~1~1I~~~C~~yg~~R~~~~~~I}{'~::?0~tT~~~~~~~+;~~~STORAGE) NEW OR REVISED ASME CODE

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.

f-

6.~~LE~~~~~~D~~~gl~g~~M:~6~J~9t'E~)A~iiP~~g~(6~~~~~~St~~~L?~lB~~~gWi~~V;~I~~m~~:~~~L%'l~I~'
SAFETY ANALYSIS REPORTS.

V7, FABRICATOR MAY ADD WELDS TO STITCH WELDS AT THEIR DISCRETION.

B, DO NOT MAKE A CONTINUOUS SEAL WELD BETWEEN THE SHEATHING AND THE CELL WALL. MPC-32 FUEL BASKET
9. ALL STRUCTURAL MATERIALS ARE "ALLOY X" UNLESS OTHERWISE NOTED. ALLOY X IS ANY OF THE FOLLOWING STAINLESS STEEL ISOMETRIC VIEW

TYPES: 316, 316 LN, 304, AND 304 LN.

10. BOTH BORAL AND METAMIC ARE APPROVED FOR USE AS NEUTRON ABSORBERS,NEUTRON ABSORBER PANELS ARE INTENDED
A

b~ ~~~~~~El~~i5'~~ ~~t'{u~f~~1~,1(WfWg~rs~g~B~NJ!I~x;lli~n~~~U~~~8~~~~~~WJ,.R1~glm~~lf;rlli.~ ••••• ~".,'

IN EACH PANEL HAS BEEN ANALVZED AND FOUND TO BE ACCEPTABLE.
GENERAL

11. THIS COMPONENT IS CLASSiFIED AS ITS~A BASED ON THE HIGHEST CLASSiFICATiON OF ANY SUBCOMPONENT, SUBCOMPONENT HOLTEC om,,"·"'''''
CLASSIFICATiONS ARE PROVIDED IN SAR TABLE 1.3.3 (TRANSPORTATION) AND FSAR TABLE 2.2.6 (STORAGE). MPC-32

INTERNATIONAL FUEL BASKET12. DELETED. HOlTECCEUTfR
555 UtlCOUI DRIVE WEST ASSEMBLYMARlTON,WOOO5J

"0""" 1023 .,,,,,,",,""
3927 '"1"'''1 I ;~'i'

."~ N/A ." ..,,~

8 I 7 I 6 I 5 111'" 4 I 3 I 2 I 1 RIlYllim7



7 6 4 3 2

o

C

15

23/S"±lIZ"
(TYP. TOP

AND BOnOM)

GENERAL

MPC-32
FUEL BASKET

ASSEMBLY

BASKET ELEVATION VIEW

B

1111.11.
HOLTEC
INTERNATIONAL
HDLTECCEIHI'R
S55LINCOUIDRIllEWEST
MARLTOtl,tlJO!lll53

I .. "._ IA

R2"±1/Z"
{TYP. TOP

AND BOnOMj

ISOMETRIC ASSEMBLY VIEW

2710"±3/!1"
(TYP. FOR
NEUTRON

ABSORBER)

2

I 1023 I,;;;;·..",Q

N/A

DRAIN LINE
LOCATION

BASKET

S~CfEP~M~~l

4

NOTES:

1. ~9r~~!~,~j~~?,1; L~~~iIT~~ro:OW;~~m1.~I~E~T~5fN~a;.~:kN.:'iH~ (NOM.) LG.

2. EACH FUEL STORAGE LOCATION 15 GIVEN A UNIQUE IDENTIFICATION NUMBER
TO PROVIDE A UNIFORM SYSTEM FOR RECORDING THE LOCATION OF EACH
FUEL ASSEMBLY.

3. METAMIC TO BE 0.106" (NOM.) THK. X 7112" WIDE MIN. X 155 71B" MIN. (lSI)' NOM.) LG.

6~~~~~t~J~~~~~9"a6~5~~.O~~%JjgJ,~°t?gf~~JtJ!R~~¥bN~'t:Utl~~R,~~~!NG
SHEATHING D.035"THK.

4. DELETED.

5

90·

6

270·

CROSS SECTIONAL VIEW OF THE MPC-32

7

9/3Z"THK.
CELL PANEL
(TYP.)

MPe SHELL
lSEE DWG. 3923)

180· WaI+~I-ulu---I!---I II~+ I!! +u -+-"'"-i-I!---+n_-I~ O·

NEUTRON
ABSORBER AND

SHEATHING
(TYP.)

(SEE ~~~E~~E~)~j
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I 55.70NOM.(TYP.)~----------~-~------j

37.154 (NOM.)
.tTYP.)

D

c

B

DETAILS

DETAIL A

VT~
TYP~ U

VT
TYP.

VT ~17~TYP.
'OR GROOVE WELD) .175

DETAILC

I
i
i

i
i
i

i
L---------------
i

i

i

i
i
i
i
i
~----------------

LENGTH
EACH
NDBOnOM
CELL

16"

~'t6~TJ~fmCAL LWALL)
8 SHEATHO'TNEG2T~H1~HEET). 2- (SEEN ,i

---~~-

i

I __
---~7

i

,t ' tf

,-1-:i •·-b.!-I-:-
I I' I

f--_~i_.-t--I-.~~.:--I--t--~-
,29 , 30! ,31 , 32

I I: I I

it---r-:-
i

I ""®""'
9~~~~g~rYP,)"'-0

4.516 NOM.-
90·

I I INSIDE CEll DIMENSION
~rrH NEUTRON ABSORBER ON WALL

~--J--._ --l--- ---J-- M, /

i 1 I 2 i 3

56.U9(NOM.)
TYP.)

270·

I Ie,,, IA

NOTE;

1. DELETED.

2.. LENGTH AND SPACING OF WELD ON SIDES OF SHEATHING CAN VARY
PROVIDED TOTAL VERTICAL SHEATHING WELD PER PIECE IS NOT LESS
THAN 65~ AND THERE IS A MINIMUM OF 19" OF WELD ALONG EACH SIDE
OF THE SHEATHING PANEL

15

~~~~~ '-..""'.. GENERAL I
INTERNATIONAL

~~HI~~51WhFfIVEWEsT
MARLTOrJ,tlJOMs,;

2

I 1023 13;;i3~"-'"

NfA
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BASKET 10
SUPPORT

r~6~(~1

VT
TYP.

VT
TYP.

-SUPPORT BLaCK

l~~WJN'2.)
----"'VT
5/32

OETAILE
SHIM
(AllOY X)

114"11 I ' 16B 112'(NOM.) , ' 1
THK.

3~~ C>D IcNOM.

L
BASKET SUPPORT PLATE (C)

'''"ll I ''':"f I
THK.

r~ I )
56~57+3I8W~1I4·

NL
\

BASKET SUPPORT PLATE (B)

114"1~
I '601I2"INOM')1THK.

r-~ DONL IB

BASKET SUPPORT PLATE (A)

ASR:J r ~'6B1I2"INOM.)

I
'" D I ~ > INOM. '

t
SHIM

BASKET
VTSUPPORT

~1fi.13V~\
1/8 1-B TYP.

VT
TYP.

SHIM

TYP. ) TACK WELD

(ALLOY Xl

OPTIONAL
QUANTITY, SIZE AND WELD
LOCATION FOR SUPPORT
BLOCK TO BE DETERMINED \ \ \, Y ~'¥~P.BY FABRICATOR

BASKET
SUPPORT

~lfi.t~V~~

OETAILO \ ~VT
116 '.6 TYP.

NOTE

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. DELETED.

15

r-- --";:,,,--- -jA

1111111111 ~'" GENERAL

H 0 L TEe "'-"'~ MPC-32
INTERNATiONAL FUEL BASKET
~fH:j~5flfb'irNEWE5r SUPPORT
MARLfON,NJ00053

2

I 1023 139';~"'··'"'

N/A

34

STANDARD CONSTRUCTION

678
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D
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I 168112" (NOM.) I

c::dbJ
I 168 "~" (NOM) I

I ~CJ

I '" 112" (NOM.) I

Cdw
r '·'"1d

ANGLE SUPPORT (A)

ANGLE SUPPORT (B)

SHIM ASSEMBLY
(ALlOYXj

AS REQ'D l---t

'01"
(NL ..

AS REQ'O ti·. .22 (NOM.). . r 5/32'MIN.

I[~ TYP.

,11Z"

T~~

SHIM ASSEIv1BLY

f
N2~~·1

5116"-\
THI<. \ ... ..

fJ}81
NOM.- •.

NOM.

DETAILG

¥;rp.~

56.57+3/8"·114"

ANGLE BASKET
SUPPORT (B)

!~~W6n)

OPTIONAL CONSTRUCTION

VT
TYP.

SHIM ASSEMBLY
(ALLOY X)

1-8

1-8

5/32

5/32

ANGL.E BASKET
SUPPORT (A)
(ALLOYXj
(fYP.OF4)

~VT
I 11l1V '-. TYP.

DETAIL F

15

2

I 1023 r39,j"'"···~

N/A

3

I~~~~~ [::"~ GENERAL IA

INTERNATiONAL
HOLTECCENfEn
S55LltJCOWORIVEWEST
MARlTOU,HJ050s:)

468

NOTE;

1. THE MPC BASKET SUPPORTS ARE WELOEDTO THE INSIDE SURFACE OFTHEMPC SHELL.
THEY MAY INCLUDE ADJUSTABLE SHIMS TO ENSURE THE NECESSARY CLEARANCE BETWEEN
THE BASKET TOUCH POINTS AND THE BASKET SUPPORTS.

2. DELETED.
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CLIENT LICENSING DRAWING PACKAGE COVER SHEETGENERAL

PROJECT NO. 1021 P.O. NO. NIA
13. TOLERANCES FOR THICKNESS OF ASME CODE MATERIAL

ARE SPECIFIED IN ASME SECTION II.
DRAWING 3928 TOTAL 4 REVISION LOG 14. ALL WELD SIZES ARE MINIMUMS. LARGER WELDS ARE PERMITTED.
PACKAGE 1.0. SHEETS LOCAL AREAS OF UNDERSIZE WELDS ARE ACCEPTABLE WITHIN

THE LIMITS SPECIFIED IN THE ASME CODE, AS CLARIFIED IN THE

REV AFFECTED DRAWING SUMMARY OF CHANGESI PREPAREO APPROVAL VIR#. (F)SAR.
SHEET NUMBERS AFFECTED ECOs BY DATE

11 SHEET 4 EC01021·89 RLS 12104/06 91256 15. ~~~E~ol.?pr~Ec8~g~~~~g~:6~~I~~t~~Wrl8~~Vo'ff
EACH INDIVIDUAL SERIAL NUMBER.

LICENSING DRAWING PACKAGE CONTENTS: 12 SHEETS2& ::I EC01D21-97 SLC 07123/06 53534 16. THE MPC-6BI6BF IS CERTIFIED FOR STORAGE AND TRANSPORTATION
OF INTACT AND DAMAGED BWR FUEL AND BWR FUEL CLASSIFIED AS
FUEL DEBRIS, AS SPECIFIED IN COCs 72-100B. 72-1014, AND 71·9261.
THE MPC·6BFF IS CERTIFIED ONLY FOR STORAGE OF INTACT AND

SHEET DESCRIPTION DAMAGED BWR FUEL AND BWR FUEL CLASSIFIED AS FUEL DEBRIS
IN THE HI-STORM 100 SYSTEM UNDER CDC 72-1014.

1 COVER SHEET I 17. P~~6~~~+i6~g~\l~~ ~~~~~A+(r~(fMJ+~ t~~ g~~~I1i~ ~~~~'r
2 FUEL BASKET ARRANGEMENT THE COMPONENT OR PART. NOMINAL DIMENSiONS HAVE NO SPECIFIC
J FUEL BASKET LAYOUT AND WELD DETAILS TOLERANCE, BUT ARE MET THROUGH FABRICATiON IN ACCORDANCE

WITH OTHER DIMENSIONS THAT ARE TOLERANCED AND INSPECTED.
4 FUEL BASI~ET SUPPORTS NOMINAL DIMENSiONS ARE NOT SPECIFICALLY VERIFIED DURING THE

FABRICATION PROCESS.

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

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

+nlE VAliDAnON IDENTIF1CAnoN RECORD (VIR) NUMBER IS A COMPUTER GENERATED RANDOM NUMBER WI-liCIl
CONFIRMS THAT ALL APPRorrUATE REVIEWS OF TIUS ORAWlf\G ARE DOCUMENTED IN COMPANY'S NETWORK.

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
B

~t.\JH\IfR~P~~~fFit~iM~Nt'6(~~~t~~1~~~JtJ'~bC~;6~J~~ii~?UR'p~~C~0~10~JWoCf.~~.~~~~ijI(~~N~~I~-rtc~: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. );'61,~~'c\~ ~~~M~?:1~~'l;~~~~~~0WH g~~fA\~Sfp~2ge§/; ){ciE~r\-9~E~~ 6~~§~?tf' lr~~~~t~ \9~j i~~rJs~g~If~~II~~)
~~~ttt+iJ~~Jll~~J~~?:tDGI~T1J1s~~-r~~ft6WfJ,!iI,~?~~~~X);l~+~~~~tl"EW51;11J~v~"sE~M~l~~J~'
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 ~~:e6tli~E'iJE~gl~If~6~~~M~~~~r~~M;q,l:N'i?J'i!~~~1fR~Jtj,S6~~I?JlM'Ks%~T~8~01~EJ'M~:~G
RESPECTIVELY. AS CLARIFIED IN THE APPLICABLE SAFETY ANALYSIS REPORTS. MPC·6BI6BFI6BFF FUEL BASI<ET"

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

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
·MPC·68FF IS NOT CERTIFIED FOR
TRANSPORTATION UNDER 10CFR71

ASTAINLESS STEEL TYPES: 316, 316LN. 304. AND 304LN.

••••• ",-"",.
10. BOTH BORAL AND METAMIC ARE APPROVED FOR USE AS NEUTRON ABSORBERS. NEUTRON ABSORBER PANELS

GENERALARE INTENDED TO HAVE NO SIGNIFICANT FLAWS. HOWEVER, TO ACCOUNT FOR MANUFACTURING DEVIATIONS

~8~~~I~gJi~fl~~+N~1~~'.Atii,P~~~J~~r~~JmNJ~1~fL ~~ ~~~~~KL~~rrDExm~M~5~~~~ Rt~tp1~~tEUP HOLTEC OUt'''T<>.

MPC-68/68F/66FF
INTERNATIONAL FUEL BASKET11. THIS COMPONENT IS CLASSIFIED AS ITs·A BASED ON THE HIGHEST CLASSiFICATiON OF ANY SUBCOMPONENT. tlOLTECCE'lTER

SUBCOMPONENT CLASSIFICATIONS ARE PROVIDED IN SAR TABLE 1.3.3 (TRANSPORTATION) AND TABLE 2.2.6 (STORAGE). S5.5LI»COLNORNEWEST
MARLTON. tlJ 0905:l

12. DELETED. """'"" 1021 "••..~'<G..,
3928 I·'" 1 I ':t-

'0"" NIA .".,..,~
,." ~

8 4
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B

D

C

12

2114"±1/2"

~~~;'Bi:?riOM)

NEUTRON ABSORBER
AND SHEATHING (TYP.)

111111.11 GENERAL

H 0 L TEe ."w'", MPC-68/68F/68FF
INTERNATIONAL FUEL BASKET
~!~Hiiii;r{n'f.~E. WEST
MARlTON,NJlll!05J

I le.m IA

2

ISOMETRIC ASSEMBLY VIEW

BASKET ELEVATION VIEW

<jJ'ft
~~1l1~~

'tl:~
Vq.I I'l'

4J

I" ·v
IVh./ IVr.

I 1021 139;:;"'"~-
•• ~ N/A

R1114"i112"
(TYP. TOP
AND BOTTOM)

4718".:t3J8"
(TYP. FOR
NEUTRON ABSORBER)

BASI(ET SUPPORT
(SEE SHEET 4)

4

X 4 314" WIDE MIN. X 155 7/6" MIN., 156" (NOM.) LG. WITH MINIMUM B-10

~~~~~~~~)E~~~8ifil.fAttlrJ~~L ~~~~ ~r~~b~~T6T~~AS
A NEGLIGIBLE EFFECT ON THE CRITICALITY ANALYSES (SMDR 1021·577).

IS GIVEN A UNIQUE IDENTIFICATION NUMBER TO PROVIDE A UNIFORM
)CATION OF EACH FUEL ASSEMBLY.
ON SIDES OF SHEATHING CAN VARY PROVIDED TOTAL SHEATHING WELD
1/2" AND THERE IS A MINIMUM OF 19" OF WELD ALONG EACH SIDE OF THE

TRANSPORTATION UNDER 1OCFR71.
ES A ONE-TIME DEVIATION TO THE BASKET HEIGHT. ONE BASKET CELL
OF 175 516" WHICH WILL HAVE A NEGLIGIBLE IMPACT ON THE DESIGN

l: X 4.7S" WIDE MIN. X 155 7/8" MIN. (156" NOM.) LG. FOR MPC·68

!~~~~~·~g8i~~~·\'1n~~~~~l~~~g~~.t~f~~ff.~On~5{~OM.lTHl<-

VTTYP. 8
~

MINIMUM WELD LENGTH
REQUIRED FOR EACH WELD
AT TOP & BOTTOM· SHEATHING
TO CELL WALL IS 3 5/16",

1/2' THK. MPC SHELL
(SEE DWG. 3923)

6

270·

3.152
(REF.), 90'

PLAN VIEW

28

38

-t---1II-c----I-----llI---I---I1l-

37

OPTIONAL
HEAT CONDUCTION

ARE SHOWN WITH DAS
(REQUIRED FOR HI-STAR

8

114" THK. PANEL
CELL (TYP.)

---+-lll~--~~-L-
'25~ 126~1 127

~EUTRON
~BSORBERANDSHEATHING
SEE NOTES 1 & 6, THIS SHEET)



D

f-

I2I

2

.JI!.. 4 I5

Y
INSIDECELLDIMENSIONWITH NEUTRON ABSORBER ON WAllSEE NOTE 3

-FFt-f-i'-~+~_-i~R~6053±06(TYP')
i 3 i 4 i~i~T~i-~

I6

65.15(NOM.)=A~===-----__--------;---l1~====--------------=:J&§-~:52~"~71:NO:M:,)(TYP')&/~ _
I-----------:----:-:=_ 39.19 (NOM.I{TYP.)::

I 1-:-13.23INOM,)(TYP,)::-
&-1 6.49±.06(TYP.)rI PITCH

~.~~~O~TE 3 ~. I ! 90Q

I78 I

I

k~<j/nw- TT

I
i

DETAIL A i
----------~

C

O'
~

. , · I j I -I--I"-!'--I--r-' l 11
~-+~J-~-t.- --t- -[-'--r:- -t:- --t--J--+--l1

45 ~ ,46 ,47 ,48 I' ,49 , 50 ,51 I 52
I .. I ., I

B

I-53

-r-F~f~~!--r j I -:I II~-~' -+-- .+- i -+- --+- -I- VTTYP,
i 61 i 62 i 63 i i 64 i 65~

~j----r- ~ Ii --T f I 1- 1
11---+-:--11---+- ---i'--~-f-: - f- +- +-1-L

i 54 i:lf i 56 i 57 i 58 i 591 I 60

--J--J,'----t--
i67~ i68

,-__-----r;;;;;;---------A
••••• ,." GENERAL

H 0 L TEe "",••, MPC-68168FI68FF
INTERNATIONAL FUEL BASKET

~~~~~:bE~s3wesr LAYOUT AND WELD DETAILS

I:~:'~ 1021 I";9;J'~"Q
N/A

NOTE:

1. DELETED.

2. MPC-68FF IS NOT CERTIFIED FOR TRANSPORTATION UNDER 10CFR71.

3. MPC.68F SERIJ
OPENING AND
NUMBERS 68 AND
APPROXIMATELY
,HIS CONDITION

I

L
'G

THAT

-r 6 5 ~

270'

4 -r 3 I 2 -r
iSl""'"'" 3928 1'3' 11'2

,""., NONE

1 ~;~i~lti~~ f~M,



C

D

B

12

VT
TYP.

VT
TYP.

~~:~~~~~S~)A~I~~8·~R
(TYP.OFB)

(4) UFTING LUGS

~1_~f\.~~~
1I16l7'"1=B
(OH GROOVE)

ANGLE BASKET
~~:.g~~IALLOY X)

1/16f'.-..1-8

~

(OR GROOVE)

VT
TYP.

._ I A

••••• 1 GENERAL

HOl TEG ..,--
INTERNATIONAL
HOlTECCENTER
SeSLINCOLNDRlVEWE.5T
MARLTON. NJ 0005J

2

DETAIL SHIM-TO-SHIM OR SUPPORT-TO-SUPPORT
WELD (SEE NOTE 2, THIS SHEET)

L_ 1021 1392;"••••-
N/A

2

270"

CROSS SECTIONAL VIEW OF MPC-68
BASKET SUPPORT STRUCTURE

(OPTIONAL CONSTRUCTION)
(SEE NOTE 4, THIS SHEET)

Xp\tW8~~ ~~?<~:A~O'
(TVP.OF4)

3

180"1~ . -'--1j1

VT
TYP.

4

4

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
BE1WEEN THE BASKET TOUCH POINTS AND THE BASI<ET SUPPORTS.

2. THICI<NESS OF SHIMS MAY BE MADE UP OF MORE THAN ONE PIECE,
WELD SiZE SHALL 8E AS DEFINED DR THICI<NESS OF 8ASE METAL.
WHiCHEVER IS LESS.

3. MPC-6BFF IS NOT CERTIFIED FOR TRANSPORTATION UNDER 1oCFR71.

4. BASKET SUPPORT-TD-BASKET SUPPORT DIMENSIONS ARE COMMON
TO STANDARD AND OPTIONAL CONSTRUCTION.

53,05+3/0"-114"
TYP.

5

5

ANGLE BASKET
SUPPORT
(ALLOY X)

·'<'..~l1FT[NGlUG
(TYP.OF4)

8

6

i

i~~P. ,

~ 1
'-_~~_~~ / VT. ,

DETAILC ~ TYP. I
\
TYP.OF8l

(OPT ONAL DESIGN) I 'I

. 16B 1IZ"(NDM.) Ir~ I n5116'lr 7 . . ,
~ ;.~ "j i;~ h I L""" J!~ TYP 'I ,i-~·M.) ANGLE BASK

R.75 (OUTSlDE) ___,
'NOM. _

DETAIL C L .....__ --~---~-r--(TYP.OF8) ---- -- I

"20 '!===20 26±1I4' I90"

• -=~ I

I
i

, i
66.DJ+jm"-114 'I

TYP,

I
I
I

~~I-Jl~t~,rcigR
112" NOM. _. -.L

AS~ .' =-t 5132' MIN.

511~~~~:Pll-
3'

NOM..J~ ~~,.

270" OF MPC-6S

"O,,',1\\;~~~!l>.J,'\i~~'iJ.!I~,' ..."'"'~B(~TANDARDCO I \~

===~S~H;;;IM~A;;:;S;SSaE~BLY (A) I

I ••••• '"'""tJCL",

5/32

VT
TYP.

7

1,'

VT
TYP.

TYP. / TACK WELD
OPTIONAL
QUANTITY AND WELD
LOCATION FOR SUPPORT
BLOCK TO BE DETERMINED
BY FABRICATOR

SUPPORT
BLOCK

PLATE BASKET
SUPPORT
(AlI.DYX)

1/6

VT
TYP.

VT
TYP.

-SHIM ASSEMBLY (A)
(ALLOY X)

VT
TYP.

~
18 18 ,,'TYP.

1/6 • / VT \NO!'-'I.)

1-B ...... TYP,

/SHIM

)

DETAIL D (TYP.)
(OPTIONAL OESIGN)

8

DETAIL D
(TYP, OF 8)

SEE ALSO DETAIL 0
(OPTIONAL DESIGN)

DETAIL B

\
TYP.OF4)

(OPT ONAL DESIGN)

VT
TYP.

DETAIL B (TYP.)
SEE ALSO DETAIL B
(OPTIONAL DESIGN)
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........ ,

"'126±3/16

"'103 B.C, (REF.l-==-----======--- 86 ±114 (AVG,)
- 69 ±1/4 (AVG.l~- 64 ±114 (AVG,) ,I'SEE "'c " 'V" ,0. ,

'''' "" " I HOLE FOR LID LIFTING LUG ~i,., "M",,~ ,
/I A/I , I OPTIONAL 114 ~ HOLE ~I i ,

FOR THERflOCDUPLE \

I/K!!

INCORPORATED. [CD 1024-44

INCORPORATED ECD 1024-50.

r-

VIRH'

2/6/02 I 61397

2/27/021744361 E

6/25/02183463

5/7/02

TF.D.

S.L.C

SLC

SoLe

P~~~. IAP~:~~ AL

REVISIONS

I

SUNMARY OF CHANGES I
AFFECTED ECDs

!t1CORPDRATED ECD \024-47
ADDED SECTtDl~ K. L, 1-1 11. N

INCORPORATED ECO 1024-55,

2

13

12

15

16

REV,

I

I

lw
3

"

I4I56I7

c-

·D

- I-

c

,~r

RADIAL ?I.--~.SH1ELD(~ ",", .• ' ••

OVERPACKOUTER SHELL(~ , '., .• '. •

_.q.dcl

·cl

~4

I--

A

7 I 6 5 4 3 2 I 1GL\DRAIJItIGS\lU24\1495RI8



D
2 1/2'

R3 1/2"
BREAK-THRU

TO D.D.
4 PLCS.

TF.D. I 2/6/02 I 397S!

SoLe I 3/11/02 183036

S.L.C J 2/27/02130763

l~:'~i-Ol Jg:'~'}:OI 3~!1~1~21 E
P~~;. AP~:fi:AL VIRIl,

~:..q'6-00 1~:..Gi~:"oo Ij~17-0
CHECKED I PM j QoA.DATE

U.D.
lO-lJ-lll

S.GEE
2-10-00

REVISIONS

CUT -OUT DETAIL
ITEM 56 BOLT

L __ CUT.:-~~ __

Ie
L:THREADED HOLE FOR

SECURING EXIT VENT
, SCREEN, CTYP)

~,n
\ 14°CREF.l

0

1\ IB

0°

I~l'!~
EQUlPKEtITDES1GN

At/ALYSlS

C[lNSUlTl!IG
ilU[Rli'TIlJ~

I srCTION 'Y' - 'Y'
i DF HI-STORM IAIQ1llill

_1_- NIA
ICIDf'NIHJl mAl

156/. lJIH

DESCRIPTION

INCORPORATED [CD 1024-44

SU~lMAR'f OF CHANGES/
AFFECTED ECDs

INCORPORATED [CO 1024-47

INCORPORATED ECD .1024-47,
REV. 1

2

2

9· lINCORPORATED ECD 1024-34

8 IINCORPORATED ECO \024-1

10

12

REV.

REV

3

FOR IJELD PREP, BETIJEEN
ITEM 56 & ITEM lOB
UI,DERSIDE, ON VENT SIDES,
SEE SHT, 1561 SHT, 4

NOTES:
]) SEE NOTES ON DIo/G, 1495 SHT. 2,

3
(4) ¢ l' THRU HOLES
IN EACH EXIT VENT
HORIZONTAL PLATE

R36,75 LD,
(REF)

/
,/~ R51.5 RC,

// CREF)

4

SHIELD6

-----~

I
I

I

5
SHEAR RING
(4 PCS, SPACED
EQ,) SEE CUT~OUT(56:
DETAIL

TOP PLATE
(4 PCS, SPACED
EQ,)

7

180·

ffZII

~(i$~,~

y/ /-I I ~~,
~132 0.0,

(REF)

0103 B,C,
±3/16

7

3/41~~' I~(lYP.l > ". J1) ,~ ,(\

D, I

ITEM 9 1, 56 PLATE LAYOUT I

----------~

e

E

A limp.>

B



B

D

c

CllNruLmm

ANALYSIS

2/27/Qc\ 83731

3/11/02 !351581 E

~-jr
-R-
-u-

12/20/02 I 29352

EllU]PKDlT DESIGN

SLC

S,Le

sLc

p~~;, IAP~:fi'ALI VIRU,

II••••
HDLTEC
INTERr:~1.8TIDNAL

it>cR1Pllln

srCTION 'X' - 'X'
IQIDlI, OF HI-STORM IA

N/A

REVISIONS

INCORPORATED [.CO,II' 1024-47

SUMHARY OF CHANGESI

INCORPORATED E.C.D,lll 1024-47,
REV. 1

INCORPORATED E.C,o.U' 1024-65,
REV.· 0

2

2

1I2±1/4 --1 O·

12

13

REV.

3

3

3/8

,111(-COPnONAU-'\
SEE DETAIL D :

, SEE NOTE 3 /
64):

!

456

I,

> / ../T-'\
/\ _+'-r--I--~

VT PEe-NOTE' 2, \,_: ,J '---..
/O(~01:~116N~ 'r / -" ,

AS REQUIRED) I R34.1875±1/4 (AVGcl,/
~ 1 /~\

r. 0 /0 "',>_ 0 t:. Ab 0 ~ at> //'

;0), !loo , /o· I" AAO A I. /
°A. oc! I ".- A °SI1l'112" / /,A3 \\, .. ." .....0·· /. _~ ~

° / ° 45·CREF,) "'-'I / /,,/ OVERPACK \
° / L "",., / /-' INNER SHELL \

l>. 0A/ 0 . 0 0. ''''., I / // 0 t:>. \ 0 l>.

/.-~1~~'\ tJ. 0 .~ -7-- ::~// ~ at> A 0 : oD. /~-~--~\ IJ. 0 /

--~._,L_t= 2-;:-~-~-~~ LVL.-- -----' -J- -L7'7---L-19

(4) ~12' HOLES LOCATED 0
PEDESTALf5\ 90' APART
SHELL '-V 19 1/2 X 15 CUT

PEDESTAL 21 OUT IN ITEN 1

~ SHIELD

NOTES'
1) SEE NOTES ON DIIG, 1495 SHT, 2,
2) OPTIONALLY, GROUNDING STRAPS HAY BE DIRECTLY

IIELDED TDTHE HI-STDRH OUTER SHELL USING A
IIELDING PROCEDURE APPROVED BY HOLTEe.& 3) IIHEN USING THE OPTIONAL RADIALIIELD PLATE (ITEH 64),
THE RADIAL PLATE PLATE (JTEH 14) LENGTH flAY BE SHORTERNED,
THE OVERLAP BETIIEEN THE RADIAL PLATE AND THE RADIAL IIELD
PLATE SHALL NOT BE LESS THAN I 112',/\ DETAIL D

~ <OPTIONAl)

3/8,_

VT PER NOTE 2,
ON SHT, 2.
SEE NOTE 17
ON SHEET 2

7

;; '7 (CTYP.I 3/8

180·
'<TYP')~

---- 3/81'-,
VT PER NOTE 2,
ON SHEET 2
SEE NOTE 17
ON SHEET 2

c

B

I 5 I 4
7 I 6 15"+3/1

(TYP,)

,90·
OVERPACK I I------r,E I BASEPLATE 1

& i
/" -----~---

/ (STANDARD)

/ ~3/16 ""
: CTYP')/3/iG17

\ IIELB ITEH 14
to ITEH 1

\ ON SHEET 2 _ <"

DI '~: :,ER~OTE 2, LM ""-",,-,," : < 0 0

A

HI·STtlllkllDOFSAR

R~~"""'
"""".IU,;'llOil



B

D

,
Ir
i l
I

CDNSULTING

[QU]Pff£Nl DESIGN

OR CIS

N/A

28) DELETED FRDH

•••••HDLTEC
INTERNATIONAL

DESCRIPIlDIi

DET p,lL T

-1 20 r-

~mES 01\1 DI'!G 1495 SHT
"rn'(',\DV SHIH EACH CH?\NI\IEl, ITEH 19,

DET All T SHIH THICI<I~ESS

I~EDUIR[:D TO HEEl 69,~i

DIHENSIDN, FIllET viElD SIZE TO BE
TO SHIH THICI<NESS DR

IS lESS AS NECESSARY
REQUIRED IF ITEH 2 lOi\IGlTUDINAl

OVER ?\ RI~D1I~l PLATE
OF ITEH 14 AND 28

SECTION 'W - 'Ir

~--"'--'-"-~~--A

r

1!I·~TOfl"'100F5AIl

~"",
","u"tlO,:;:WB

!NCORPORATED [CO' W2'HliJ, REVISED REV i 8/28/0J I 81047

INCDRPORIlTED [CD 1024~47, REV!SED RCV, BLOCK I 2/27/02

1/8",
3) THIS vlEl D

viElD IS
4) CHAI~FER

AS I\IECESSARY
5) SHIELD SHEll

DESIGI~ I~I JUNE

D
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7 6 5 4 3 2

B

c

ANALYSIS

cmlSULTlNG

EGUIPHENT O[SIGN

R(VISmNS

1024
PJ1!lo.'

ORIPTllJl

•••••HDLTEC
INTERNATIONAL

DUAIL 'B'
I or HI-STORM IA
CLIO/I'

N/A

/'(TYP,)
~'- VI PER NOTE 2,

ON DVG 1495 SHT 2
oml 9TO ITEfi 2)

NOTES;
J) SEE NOTES ON D\Jei 1495 SHT. 2,

2

REV DESCRIPTION DATE CHECKED PM Q,A.

S INCORPORATED. ECD 1024-1 1~:'~T~oo
E.G. D.G,u.

§:,SiEi_UO'3-16-00 3-16-00

9 1~~q~~Dl~AIE~ ECO 1024 34, 2LllJ~R~01 KL Ig:~i~OlI lijl:i'IEw-n-Ol

REV. SU~lMARY OF CHANGES/ PREP. PPRDVAL VIRIl,1AFFECTED ECDs ny, DATE'

10 INCORPORATED ECD 1024-'44 T.F,O, 2/6/02 96812

11 INCORPORATED ECD 1024-47 S,Le 2/27/02 656531

12 INCORPORATED ECO 1024-47. REV. 1 S,LC 3/11/02 792081

13 INCORPORATED ECD 1024-55, REV. 0 S.L.C 6/25/02 401lB

[NCORPORATED [CD 1024-61 T.r.D. 9/18/02 74049

INCORPORATED ECO 1024-77 S.LC 817103 91232

D

~ 3 3/8 ±1/16 COUNIER80RE X
1/4 ±1/8 DEEP
VIIAPPED HOLE ~ 3 IIHUNC
X31/2 fUN USEABLE IHD LENGTH

ANCHOR DLOCK W
HOLE IN CENTER

DETAIL B &

l±J RADIAL PLAIE

~'.; I") ('(TYP,) (]fEfi 14 TO ITEfI 17)
VI PER NOTE 2,
ON DVG 1495 SHI 2

---< SEAL VELD
IF flADE FROio!
flULT1PLE PIECES
(TYP,)
VT PER NOTE 2
ON M 1495 SHT, 2

34

7,25" -,-
THREADED~~

(3 1I4-4UN = .•

(REF,) 'I HEX HEAD
. //'-.2 1/4 ACROSS FLATS

r= k( /.r-® LID STUD

, r I

5

~.'." ...... ..
ro o••• 0 ..••

.. " .. ,.
" .

.. no .. 0.
.....
"

3 1I4-4UNC X 3,0
MIl\), USEABLE
LENGTH NOT
TO EXCEED

~ i
&'0 INNER SHELL I

i7iiTr<1TYP,) ~ 103"±3/4" B,C,--j
VI PER NOTE 2 (ITEM 17)

1\ ON DVG 1495 SHT. 2 ~108"+3/16 D,D,
~ -0

'-----------<("SEAL VELD 6 )
VT PER NOTE 2 (ITEM 5
ONDVG 1495 SHU ~109" +114" I.D,

-0
(ITEM 9)-"J 1/4 .

VT PER NOTE 2,
ON DVG 1495 SHI 2

I· 23 1/2"

7

mp)
VELD (!TEfl 7) TO

(!TEfl 6)

VT PER I~OTE 2,
ON DItIG 1495 SHT 2

VT PER NOTE 2.
ON DItIG 1495 SHT 2,*""'1 @ \
SEE DETAIL 'A' FOR /' ." " ~
OPTIONAL ASSEMBLY

DETAIL A
OPTIONAL ASSEMBLY

~\
!... OPTIONAL\ a /'

~4Jl! _

I
VIIIRIIlI[1
rn~tli~illl~)

3

E

D

llCllTOA'd1r.nrSAA
n..,.,..,1
""'Il""~' :<lD~



D

l

SLC I 5/25/02 1266511 E
S.L.C I 2/27/02 114430

P~~~'I APri:f~ALI VIRlj,

2
REVISIOIIS

SUMMARY OF CHANGES/
AFFECTED ECOs

INCORPORATED [,C.O.#' 1024-47

INCORPORATED ['C.O.II'1024-55

*';> ,075' V ./
VT PER NOTE 2,
ON DIJG 1495 SHT 2 "-...., 2'

REF

10

REV.

R36 3/4' (REF,)

7 (; 5
14 5/8"±1/8

3 3/32"-~pD ~ Y
liB 1'~6' <TYP)*

EI I VT PER NOTE 2,±114" ON DIJG 1495 SHT 2

t11 3/4"
I~ $ II ~ 3 3/32" ±114(REF,)

~

liB Vl'~6'<STYP) *'
DI j ....!...l/ '"t ~ '=

~ VT PER NOTE .2,
ON DIJG 1495 SHT 2

4 1/2"±1/4 j---J ®-,
GAMMA SHIELDING CROSS PLATE DETAIL

(AIR INLETl

B

c

AUALYSIS

(J]IlSUlTWG

(CUlPHEt/T Dl.:SIGtl

'Niifill!i!fiVj~

1495, BIM /575

1{jt\DRAIJItIGS\I024\IS51RIO

1111111111
HDLTEC
INTERNATIONAL

D[S[RlPllltl

_ DRAIIIJj[iUm

I We< II/aile I I56I bJ!-
I'h.fiii, N/A {UllJ0:2ul rj~~6

DUAIL DF AIR INLU
I DF HI-STORM IA
alDII,

N/A

2

NOTES:
1) SEE NOTES ON D\~G, 1495 SHT, 2,

13

~ OVERPACK~DAS[PlATE

34

R66 1/4' (REF)

5(;

1/2
1/4

(lYPICAl FOR All I1EII 13)
VT PER 1I0TE 2.
011 DV, 1495 SliT 2

7

c

A

B

1l.';';0117
A"1lI'<lD.200il



B

C

D

NIl!

••••• El.lUIPMENT DESiGN

HDLTEC ANALYSIS

INTERNATIONAL CONSULTING
IOCSCRIJ'Jl[J~

DUIlIL OF AIR DUTLU
I DF HI-STDRM IA
CLIElII,

2

/ '"I '

/
DETAIL /lQ//

(LOOKING AT UNDERSIDE OF ITEM lOB)

56

3 2
REVISIONS

REV. Sur~MARY ClF CHANGESI PREP. APPROVAL VIRll,AFTECTED [COs BY, DATE'

10 INCORPORATED [CO 1024-44 TF.D. 2/6/02 89454

11 INCORPORATED· [CD 1024-47 SLC 2/27/02 28685 IE
12 INCORPORATED [CD 1024-55 SLC 6/25/02 26662

3

NOTES:
J) SEE NOTES ON DVlG, 1495 SHT. 2,

VT PER NOTE 2,
ON DIIG 1495 SHT 2 /' 3/8
(TYPICAL FOR ALL ITEI~ 56)

4

4

R36 314' (REF,)

2' I
REF ~

5

VT PER NOTE 2, *./
ON D\~G 1495 SHT 2 ,075'

67

:r:-
.~r== 24 5/B"±lIB * (TYP)1/8 "1'-6'

VT PER NOTE 2,1ON D~IG 1495 SHT 2
5 3/4" __

±l/B 2 7/B"CREF')
!

8"±1I4

GAM~IA SHIELDING CROSS PLATE DETAIL
(AIR OUTLET)

D

E

CI )~~ ...",-

IiI
I®--1 ~ f/J l' THRUHOLE

r-TYP (4)

BI l~ \ ft1-"~
I

~~

(TYPICAL FOR ALL !TEfl 12) *
VT PER NOTE 2,
ON DI,./G 1495 SHT 2

"-
A

1 57 1 6

HJ.5TOfll."OIlfSAR
11""..",,1
A~..."U, ~ooa



D

8

CLIENT LICEN:SING DRAWING PACKAGE COVER SHEETGENERAL

PROJECT NO. 1024 P.O.NO. NIA

)

DRAWING 3669 TOTAL 12 REVISION LOG
PACKAGE 1.0. SHEETS

REV AFFECTED DRAWING
AFFECTED PREP. APPROVAL VIR# tEGOs BY DATE

10 SHEETS 2, 4, 5, & 5 1024-10a,RO David Bullllr 02128/05 30563

LICENSING DRAWING PACKAGE CONTENTS: 11 SHEETS2.4,5,&6 1024·10B,RO & QPV454 SlC 04113106 22605

12 SHEETS 2, 4, 5, & 6 1014-120,RO O.Bulier 04126f06 11220

SHEET DESCRIPTION 13 SHEET 6 1D24·'I22,RO D.Buller 05104/06 36052

1 COVER SHEET 14 SHEET 8 1024-'l.24;RO JJB 05117/06 16513
2 ASSEMBLY DRAWING, NOTES AND BILL OF MATERIALS

3 OVERALL DIMENSIONS 15 SHEET 2 10l4-126,RO MAP OllJ18/06 324144 INNER SHELL ASSEMBLY

5 OVERPACK BODY INNER SHELL PART DETAILS 16 SHEETS 2, 4, 5, 6, 7 & B 1024-1J7,RO a.Buller 06121107
6 OVERPACK BODY ASSEMBLY 31340
7 PEDESTAL ASSEMBLY

: , LID ASSEMBLY

9 LID STUD AND NUT
10 VENT SCREEN ASSEMBLIES

11 GAMMA SHIELD CROSS PLATES (INLET & OUTLET)

12 OPTIONAL GAMMA SHIELD CROSS PLATES (INLET & OUTLET)

t TIlE VALIDATION IDENTIFICATION RECORD (VIRl NUMBER ISA COlIIPUTER GENERATED RA"'''DO~1 NU~mERWHiCH
CONFIRMS TilAr ALL ,WPROPIUATE REVIEWS OF nus ORAWING ARE DOCUMENTED IN COMI'ANY'S NETI\'ORK.

~

f[~~::;:-
NOTES:

1. THE EQUIPMENT DOCUMENTED IN THIS DRAWING PACKAGE HAS BEEN B
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

g~"11[l~W~Jfi!%AT(?Il{WME~FsT5NU~8~Ii~~OF REVISION NUMBERS c--

4. APPLICABLE CODES AND STANDARDS ARE DELINEATED IN SECTION 22.4 OF THE FSAR.

5. ALL WELDS REQUIRE ViSUAL EXAMINATION. ADDITIONAL NDE INSPECTIONS
ARE NOTED ON THE DRAWING IF REOUIRED. 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
HI-STORM 100S
ISOMETRIC VIEW

SIDE OF A COMPONENT.

7. THIS COMPONENT IS IMPORTANT-TO·SAFETY. CATEGORY A. BASED ON THE HIGHEST
CLASSIFICATION OF ANY SUBCOMPONENT. SUBCOMPONENT CLASSIFICATIONS ARE APROVIDED ON THE DESIGN DRAWING. c,,,,<'

8. ALL WELD SIZES ARE MINIMUMS EXCEPT AS ALLOW BY APPLICABLE CODES AS 1111111111 GENERALCLARIFIED IN THE FSAR. FABRICATORS MAY ADD WELDS WITH HOLTEC APPROVAL.
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HI-STORM 100S
ASSEMBLY

5" THK. PEDESTAL
PLATFORM

(A36 OR EQUIV.)

27 112" THK. CONCRETE SHIELD

1114"THK.
INNER SHELL

ISA 516 GR. 70)
SEE NOTE 1)

3116" THK, CHANNEL (TYP.)
(SA 240 304)

11112" HIGH PEDESTAl
CONCRETE SHIELD

114" THK. PEDESTAL SHELL
(SA516GA. 70)

-3116"THI<.(~~~~E~cifJ?,yrS (TYP.)

~~~~~ L"..... GENERAL

INTERNATiONAL
I-lOLTECCENfER
55 UIlGOUI CElHER
MARLfON.tlJ0!lll53

2

~.

~.,.

il'~ ~:

'."

1024
N/A

~

'" I'"'~~'i'.51' ~~I

~

112"THK. PEDESTAL
BASEPLATE

(SA 516 GR. 70 OR SA 515 GR. 70)

I I ia. IA

3

2" THK. HORIZONTAL VENT PLATE
(SA 516 GR. 70)

~J'~,' im~'

1/

3/4" THK. OVERPACI<
TOPFLATE

(SA516GR.70)

4

6" HIGH CONCRETE
SHIELD

¢3 1/4" LID STUD (SA 193 87)
W/HEX NUT (SA 194 2H)

2"THK. LIDTDP PLATE

(SAB5~rc?R~~O)

3/4' THK. RADIAL PLATE [[Y?)
(SA516GR. 70)

DETAIL B
SCALE 1:10

(/Ja" X 12" LG.ANCHOR BlOGlt (TIP.)
(SA35QLF2)

314" THK. OUTER SHELL
(SA516GR.70)
(SEE NOTE 1)

2" THK. BASEPLATE
(SA 516 GR. 70)

2' THIt LID TOP PLT

(SA 5r.r60~~. 70)

5

314" THI<. UD SHIELD
OUTER SHELL
(SA516GR. 70j

INNER SHELL·

314" THK. SHEAR RING
(SA 516GR. 70)

1/4" THK. SHIELD BLOCK COVER
(SA516GR.70)

tl2" THK.SHIElD BLOCK SHELL
(SA 516 GR. 70 OR SA 515 GR. 70)

6

CONNECTING

7

OUTLET AIR DUCT
SCREEN (10 GA.)

LET AIR DUCT \, •ogrMMA SHIELD q=!=J

8

3) MULTIPLE HOLES MAY BE DRILLED AND TAPPED INTO THE HI-STORM BODY I LID FOR THE PURPOSE OF

t;J!tRC~~~ATl:XfJ~W'JW~~~.f~tfp~~I~fu~~U~ro~irJR~N9;l{~e~~.M·NBTEA~~·HDO~fl~~&~~·~~0'J~~~X.) DEPTH.
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SECTION K-K

611318" 0,0. (REF.)
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PEDESTAL PLATFORM

4 I 3

1....,....------
,

VT
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PEDESTAL PLATFORM
(EACH)

CONCRETE
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.YOV __:./ VT
~
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16112" HIGH· PEDESTAL SHELL
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8 7 6

OULET AIR DUCT SCREEN

5

MESH SCREEN
6 X 6 W!O.020· WIRE
¢O.147 OPENING

4 2

D

C
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INLET AIR DUCT SCREEN

I i~~ I A
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NOTE:

FOR OPTIONAl OUTLET VENT GAMMA SHIELD CROSS
PLATES, SEE SHEET 12.

"'" II
(REF,)-ll-

I 24 5flJ~ (REF.)

'~'l r
=!===~::===1::====PI _ . _

MANDATORY OUTLET AIR DUCT GAMMA SHIELD CROSS PLATES
(STAINLESS STEEL)

NOTE;

FOR OPTIONAL INLET VENT GAMMA SHIELD CROSS
PLATES, SEe SHEET 12.

I 145f8"(REF,) I
1/4" -II

(REF.) 1·1
~ I1--'-----171/4" I

B

1113116"

MANDATORY INLET AIR DUCT GAMMA SHIELD CROSS PLATES

, :: :: ,-i,71
(REF,)

~~~~~ I,,,.,,,,, GENERAL I
INTERNATiONAL
ttOLTECCl'llTER
5.5 LltlCOlN CEIlTER
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~
.~.

~~i[l

1024

2

~

'" I'"~"'i'm ~~I
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N/A

i i_. IA

34

(STAINLESS STEEL)
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(REF.) . II ..
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(STAINLESS STEEL)
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GENERAL
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DESIGt\i DRAWIN

I
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?

S EE

D
PROJECT NO. 1024 P.O. NO. N/A

REVISION LOG
iT IS !,UNOATOIIVAT U.Cll llEVISlllN" TO COM1'lLTC Til!: REVIEW k APPROVAL LOt: STOllElJ IN 1I0LTEC'~

nm[(.~0!1YN:\1'1I[I.~lfl."',\WlJn"1NG"\nll.u Il\' AU llEIX\'A.'" TEClmlCAL OISClI'll.'iES. I'll ;\.'>0 QA PEllSQ!.;NrL
eACll A1T~CIl[lI 1I1UlflNll SnEEl ClIt.TAINS ANNOTATED T111ANr.Lf.s lNlllC;\T1N" TIlE IlL....·,SIOfi to TIlE mu.lIING.

I

DESIGN DI'(AWING PACKAGE CONTENTS:

DRAWING
PACKAGE 1.0. 3187 TOTAL SHEETS 2

REV. AFFECTED DRAWING SUMMARY OF CHANGES/ PREP. APPROVAL
VIR# 'SHEET NUMBERS AFFECTED ECOs BY DATE

0 INITIAL ISSUE INITIAL ISSUE T.e. 8~7-00 N/A

1 SHEET 1
ADDED GUSSETS

S. GEE 8-30-00 N/A&' SLOTTED HOLES

2 SHEETS 1 & 2. :~::?,;IAL CHM"" ,.'''KED·'', U~,'" T.F.O. 7/29/02 27911

GENERAL NOTES;

1. THE EQUIPMENT DESIGN DOCUMENTED IN THIS DRAWING PACI(AGE
HAS eEEN CONFIRMED BY HOLTEC INTERtMTlONAL TO COMPLY
WITH ALL APPLICABLE CODES AND STANDARDS.

2. THE PURCHASER OF THE EQUIPMENT MUST ENSURE THAT IT WILL
INTERFACE WITH THE PURCHASER'S FACILITIES AND DEViCES
WITHOUT INTERFERENCE OR EXCESSiVE CLEARANCES.

3, THIS EQU!PMEtH MUST BE DEPLOYED IN ACCORDANCE WITH
HOLTEC INTERNATIONAL'S INSTRUCTIONS TO ENSURE PERSONNEL
SAFETY AND TO MAINTAIN WARRANTY PROTECTION PROVIDED BY
THE GOVERNING CONTRACT.

c

SHEET DESCRIPTION

covm SHEET

!,SSEMi3lY Dr-1A\'liNG, Bill· OF ·r,1ATERIALS A:~D r·JoES

T TIlE \'AUlMTION InENTIFICAnON !<ECOnlJ 1\'1Ii) NlJlJllEIl IS A com'UTEII GENEIUTElI llMifiOlI NmlUl:n willen
CONFm~s lilA! AU AI'I'IlOl'IIHT£ 1IE\'IElfS or 111m 111lAlfiNG AilE !I0CUlIE/1IEO IN r.Olll'MIY~S NETtl'OI!R.

4. THE REVISION LEVEL OF EACH INDIVIOUAL SHEET IN THIS PACKAGE
IS THE SAME AS THE REVISION LEVEL OF THIS COVER SHEET.
A REVISION TO AtlY 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 FUNCTIONALITY.

6. THE ITS CATEGORY Of A SUB-COMPONENT IS THE HIGHEST
ITS LEVEL or ALL PARTS THAT MAKE UP THE SUB-COMPONENT.

c

PROPOSED. BILL OF LADING

I..

SUB
COMPONENTI OTY.

A

DESCRIPTION

LUG AND ANCHORi~JG ASSEM8L'1

ITS
CATEGORY
(s<:rtlOTE6)

ITs-a

~~7L~~. ISHEET#

'1.650 I 2

~
'.--\::1bld.C;!,~,~ ..
.·~III~~

(.

>"~;II ·"'5'~.
/, ' }'' d" i~, I B

'.' I ~,~
-0 . I ._._.
:" -'-'-'-i'-'--- ~.- ,~._- i 'Ji i1J

\
. . kif\. I .. /'. - i

.~
Tm; DnAlItNCS MUST Ut USIJII!' Cm"llliCi:ION \I1nl Tilt: Al'rUCAUU: J;:SIC!1 lJItAllitH;

rACIIAG!: COVEll Sfll:LT \l;Hell C()HAW~ Till: A!'l'nO?/unl: 1l1:\'l1:WS M;I) AI'?JIUI',\/!I

I~~~T~~ 'I=::::="~;-_---'G""EN-",ER""AL,,--- IA
INTERI'AT10r-JA.L

~OLT£C C£'il£~

5~5 U~,COUj D~IV<:

LUG AND ANCHORING DETAIL
FOR HI-STORM 1OOA

8 6 5 t 3 i

1024

N/A

2

3187 I .,. 1~'2<m

R.",.."" 1
Ilugutln.:llIOIl
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GUSSET

673
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D

c

B

PLAN - SECTOR LUG AND ANCHOR BOLT ARRANGEMENT
CIl EW; AND 5 ARE NOT SH[I\,·11n

HI -STORM 100A
TIiI: DlUlWmS j.l\jST Ill: US£Il IN CO"'JU:;CTJ()~ WITH T!J:: ,\l'f'!JCAIJLL DESIGN DRAWING

1',\[I1AGE COI'EIl ='lIEET WlllC!l CO!-,Al1iS TIll: APi'IlOl'fllAl'E REll[WS .ISO APPROVAI.s

2

IDIIIIIIIIIIII I'" GENERAL IA

HOLTEC
INTERNAl'ION,\l

N/A

"':''ifo ~..~~W,,'2'

,,,~,o", 1024

3

"',-IC' e"" " "'"'~,'"H"'""'''' ,'.''O..CO
",",,,,,-,." .. J I'" "' ~'-'''''''''

'TS--8

iTS-B

ITS CATEGORYPART NAME

GUSSET

WASHER

LUG SUPPORT RINCl iTS-B

B"SEPL.4TE

STUD \'liTH r~UT

(,

PART DESCRIPTION

... WJO[X .16" LG

X 5" WIDE X

3/4" )( 132 1/2" !.D. X 137 1/2"0.D

2" THK. X j-"6 1/2"

MATERIAL

32

25

28

ITEM No.1 OTY.

AI BILL OF MATERIAL
iii iii I
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"_slU,::lIIJ&



]M-1575 (E.LD, 2839) BILL OF MATERIAL FOR HI-STORM (D\oIG, 1495) 1561) SHT 1 OF 2

rmNlPLPLATE 12 TH<. X [& lI2 \oImE x 30 7/16 LG, PLATE (SEE llEl, DVG, 1561 SHT;j)

SUMMARY OF CHANGES/ I PREP,
AFFECTED E,C,D,s BY,

T[]P PLATE 12 TH<. X 124 rtJ PLATE (SEE N[]TE 4)
lE 2 1H<: X [2fl ¢ pLArt (SEE NOTE 4)

~ INCORPORATED E,C'o,flo 1024-44.,
. SPEClrtCAfIDN I NDI'UtLATURE:

1 SA SI6 ~~ ~" . n'"~N .~~

(SEE NOTE S)

flPPRIlVt>L I VlRll:DAm---
4/14/03 68570
3/28/03 B0754
9/30/02 35699
9/18/02 16734
6/20/02 32B4B
5/7/02 4-6085
2/6/02 344-36

S,L,C
U·,D.

IN 4 PIECES:

L;YUNl.tJ{ (SFF NnTF ~

lD. CYLlNDER OIAY II fWE IN SEtTIRl. SEE JIIb 1495SHT 5)

LG, PLATE (SEE DET. DVli. 1561 SHT. 4:
69 []n

, x21 SIS [G, CYUNDER
LATE,114THK. )( 70'

T,F,O,
S,L,C

S.L.C

TF,O,
T,F,O,

CHANGED REVISION BLOCK TO NEVI FORMAT

2 TH<. x [33 7/SIl BflSEPLA

1/4 lHK, )( [.I.:T U L.. [.u,
2& 314 lHK, RA:
114 THK. X 6B 3

13/4 11-1<, X cc4 lI~ LlJ. X

13/4 m(,

1 THK. X 10 112'
PLATE 11 V4 IRK,)( 2fl

fifErn, 70
SA 516 m 70
SfI 516 rn, 70
SfI 516 rn, 70

SfI-516-70
I SfI-51f>-7U

4 m-51fi-7U

SfI 516 ~,. 'v

SfI 516 rn. 70

i4 I INCORPORATED E,C'o,flo 1024-50

19 I INCORPORATED E,C'o,lf 1024-67

17 1 INCORPORATED E,C'o,flo 1024-62
16 I INCORPORATED E,C'o,flo 1024-61

18 1 INCORPORATED E,C,O,# 1024-66

15 I INCORPORATED E,C'o,flo 1024-54

REV,

lOB
lUA

&

9
S

5

11
EXll VENT VERTICAL PlATE 1112 THI(, X 5 1/4 VlDE X 30 7/16 flPPRDX, LG. PLfllE12Hrn=fA

51b GR, 7D I I IOR SA 515 m. 70

14 4 ~~ ~l~ ~: ~ ·U}DllLV&11EYERIICAL PLATEm I: ~ ~ ~~EJnPi~UIf)~O~G,~'f~TIE
15 1 4 I SA 194. 2H ITnP UD touT IJ 1/4 - 4 UNC HEAVY I£)( NUT

lIEl 18 I 4

16 4 M~~~r: unSTIJD J 1/4- 4 I.N:: X 16 LG. (SEE Il\oIG.l561, SHT 2)

17 4 SA 350 lF3 BOLT ANCfrn llL[]CK S X 5X 6 ANCHOR BL[]CK VI 3 114 - 4 ONe XS LG H[]LE IN CENTE'RI
~~ ~~ ~~ tr ~ (1/6' ~UND BAR NAY BE USED IN UEU llF 5 X 5 SQUAI'£ llAR)

PLIES - •.

19 16 I~~Jg 'fy1~ ~ICHflNNEL 13/16 TH<. X6 VrDE x170 7/8 Lli CHAm. (SEE DETAn.. 1495 SH. j) (GALVAAIZE FOR CIS)

eo
-'L
gg
23

1/4 TH<. X 63 1/e LD, x 85 1/2 aD,
1 SA 516ffi. 70 SHIELD BLOCK RlNG (HflY BE HADE FRIlH M[]RE THflN 1 PIECE.)
1 17' THK. PLATmRM

1 SA :lIo ~e, 70 PEDESTAL PLATE 1/2 THK X 67 7/8 ~De SA :m lit 7U

24 I ~ fHK X (,1 1/f;J II flLAU, <HAY USl:. HUll If'LI.. /-'LA II..S lJ- LI..SSU< IHI(;KNI..~
A3& []R EQUflL I PEDESTAL PLATF[]RM - NJHBER IF PLflTES AND THICKl\ESS []F PLATES [PTIDNAU

25 Iem-CRETE ISflll:U BLOCI( IB' THK.

26 ~~ ~;'~' ~ 70 ISHlELD BI....IlCI( SI£I..L IlI2 THK X B6 [],D, CYLlNDER x S' HIGH ( HfIY MAKE []UT []F M[]RE THAN [ PIECE>

27 1 1 ~A 5lb GR. 70
DR SA 5lS GR. 70 SHlELD BI....IlGK SI£I..L 1/2 TH< X b4 ll.D, CYLlNDER X B' HIGH ( HAY MAKE llUT llF I1llRE lHAN I prECD

2B

:Bt±f
NOTES,

SA ;J4U :JU4
CIS []R SIS

DD.ElEO
TlJRI>G: M~RKING NAME PLATE 114 G~l:iE <0.0751 THK, ) X 4 WIDE X 10 LG, SHE

LID PLUGS 11112'-6LtlC X [ [/2' DP BOLT []R 1 1/2'-6l.I\C X 2' LG SET SCREV

1) THE CONCRETE MATERIAL IS TO MEET THE REQUIREMENTS SPECIFIED IN APPENDIX LD OF THE HI-STORM 100 FSAR
DOCKET NUMBER 72-1014 (LATEST REVISION),

2) ALL DIMENSIONS IDENTIFIED ON :BM-1575 ARE APPROXIMATE DIMENSIONS EXCEPT THICKNESSES OF STEEL PLATES
VHICH IN THERAVI. MATERIAL FORM MUST HAVE TOLERANCES MEETING THE APPLICABLE SPECIFICATION.

3) ITEMS IJITH A ;K CONDIDERED NOT TO BE NF CLASS 3 (NON STRUCTURAl),
4) AS AN OPTION, ITEMS lOA 8. lOB CAN BE COMBINED AS A SINGLE 4' THICK PLATE AT 126' lIJ \oIITH

SAME SIZE THRU HOLES FOR LID STUDS AS ITEM lOA,
£15) INNER AND OUTER SHELL THICKNESSES MAY BOTH BE CHANGED TO 1-INCH THICK IN LIEU OF 1 114' AND

3/4' RESPECTIVELY. IF" EITHER THE INNER DR OUTER SHELL THICKNESS IS CHANGED TO I-INCH, THEN
BOTH SHALL BE i-INCH THICK,

G\DRA\oIlNGS\[024\BM-157S-IR19
HI-STORM 100 FSAR
Revision 7
Auguste, 2008
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BI~-1575 (EID. 2836) BILL OF MATERIAL FOR HIe-STORM (DING, 1495) 1561> SHT 2 OF 2
REV. SUMMARY OF CHANGES/ PREP. APPROVAL VIR #AFFECTED E.C,Os BY: DATE:

13 INCORPORATED E.C.O.#: 1024-47 S.L.C 2/27/02 72710

14 INCORPORATED E.C.O.H: 1024-50 S.L.C 5/7 /02 19678

15 I~ICORPORATED E.C.O.H' 1024-54 S.L.C 6/20/02 89834

16 INCORPORATED E.C.O.H: 1024-56 S.L.C 6/21/02 14060

17 INCORPORATED E,C,O,#: 1024-55 S.L,C 6/25/02 96106

18 INCORPORATED E.C.O.#, 1024-65 S.L.C 12/20/02 14428

19 INCORPORATED E.C.O.#, 1024-77 S.L.C 8/7 /03 69857
ITEM QTY. SPECIFICATION NDt4ENCLATURE DESCRIPTION

31 1--- DELETED -
32 4 SA 240 304 EXIT VENT SCREEN SHEET 16 GAGE (0.0595 THI<. ) X 6 114 IJIDE X 40 LG. SHEET
33 4 SA 240 304 EXIT VENT SCREEN FRAME 16 GAGE (0.0595 THI<. )

34 I COMMERCIAL SCREEN
16 IIIDE X 212 LG. 6 X 6 MESH 0.020 IIIRE ~ 0.147 IIIDTH OPEN FROM
McMASTER-CARR lOi PAGEl! 2521 lTEMI! 9220T67 CUT AS NECESSARY OR EQUIVALENT

35 4 SA 240 304 INLET VENT SCREEN FRAME 16 GAGE (0.0595 THI<. )

36 2 COMMERCIAL THERMOCOUPLE DR RTD lI8 ¢ SHEATH \lITH TEl1PERATURE ELEMENT (BY USER).

37 16 SA240-304 GAMMA SHIELD CROSS PLATE 114 THI< X 2.75 X 24
38 4 SA240 304 GAMMA SHIELD CROSS PLATE 1/4 THI< X 24 X 245/8
39 24 SA240-304 CROSS PLATE TABS .075 THI< X 114 X 2 112
40 8 SA240 304 GAMMA SHIELD CROSS PLATE 1/4 THI< X 14 5/8 X 24
41 16 SA240-304 GAMMA SHIELD CROSS PLATE 114 THI< X 3.09 X 24
42 2 CIS DR SIS DRAIN PIPE 3/4 SCH 160 PIPE X 11 112 LG
43 8 SA240 304 GAMMA SHIELD CROSS PLATE 114 THI( X 5.09 X 17 114
44 2 316 SS COMPRESSION FITTING 1/8'X 114 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 114 X 1/2 NPT <OPTIONAL>
47 2 304 SS COUPLING 1/2 NPT COUPLING IJI MOUNTING STUD 112 DIA X 3' LG, <OPTIONAl)
48 2 304 SS HEX NIPPLE 112 X 112 NPT HEX NIPPLE <OPTIONAL>
49 2 304 SS CONNECTION 1/2 NPT CONDUIT CONNECTION <OPTIONAL>
50 28 SIS SCREI,! ¢114' X LENGTH AS REQUIRED
51 4 SIS IJASHER 1/2' MIN. THI<, X 3 112' I.D X 8' MIN, O,D.
52 96 A36 CHANNEL MOUNTS 3/16' X X 'x ('4' Nll
53 4 CIS SHIMS 2' THI( X 3' LONG X 2' HIGH
54 4 SIS BAR INLET SCREEN BASE 112' X I' X 24 3/32' LG. BAR
55 8 SIS BAR INLET SCREEN BASE 112' X I' X 15' LG. BAR.
56 1 SA516 GR. 70 SHEAR RING 3/4' THI<. X 73 112' I.D. X 108' O.D. PLATE (CUT IN FOUR PIECES)

57 2 SA516' GR. 70 GROUNDING BLOCI< 112' THI<. X 2' IJIDE X 4' LONGDR SA515 GR. 70
58 16 SA516 GR 70 EXITVENT FRAME LEG 3/8' THI<. X l' ·IJIDE X 6 112' LG, (CUT AS REQUIRED>
59 8 SA516 GR. 70 EXIT VENT FRAI·IE TOP 3/8' THI<. X I' IJIDE X 28 1/4' LG. (CUT AS REQUIRED>
60 16 SA5I6 GR 70 INLETVENT FRANE LEG 3/8' THI<. X l' IJIDE X 12' LG. (CUT AS REQUIRED>
61 8 SA516 GR 70 INLETVENT FRAME TOP 3/8' THI<. X I' IJIDE X 18 3/4' LG. (CUT AS REQUIRED>
h? 4 ,', EXIT SCREEN BASE IW rl-ll( ~ I?' I./Tn,~ If;.
63 8 SIS EXIT SCREEN BASE 3/8' THI<. X 112' IJIDE X 10' LG.
64 4 SA516 GR 70 RADIAL IJELD PLATE 3/4' THK. X 6' IJIDE X 27 112' LG. <OPTIONAL>
65 I CIS HEAT SHIELD RING 3/8' THI<. X I' ,!IDE X 69' O.D. (CAN BE MADE FROM MULTIPLE PIECES)
66 I CIS HEAT SHIELD 14 GAGE (,0747 THK.> X 68' O.D.

w\lJRA....ltlliS\1024\1495RI2

HI.STOn\llnOFSAR
n",,~",,7
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BM-2152 BILL OF MATERIAL FOR 100 TON HI - TRAC TRANSFER LID (D\VG, 2152)
REV, NO, SUMMARY OF CHANGES/ PREP BY: APPROVAL· DATE: VIR#:AFFECTED [CDs

8 INCORPORATED ECO-1026-28, 19, 15, 14, Tr,O, 11130/01 7162110, 8 8< 4,

ITEM QTY. SPECIFICATION NOMENCLATURE DESCRIPTION
:\ 1 1 SA 516 GR, 70 LID TOP PLATE 1.5 THI<. X 89,5 \.JIDE X 128 LG, PLATE
:\ 2 1 SA 516 GR, 70 LID BOTTOM PLATE 1 1/2 THI<. X 89,5 \.JIDE X 128 LG, PLATE
:\ 3 2 SA 516GR, 70 LID INTERMEDIATE PLATE 1.5 THI<. X 8,625 \.JIDE X 132 LG, PLATE
1\ 4 2 SA 516 GR, 70 LEAD COVER PLATE 1 THK, X 8,625 \.JIDE X 78 LG, PLATE
\ 5 8 SA 516 GR, 70 LEAD COVER SIDE PLATE 1 THK, X 2,5 \.JIDE X 8,625 LG, PLATE

6 1 ASTM B 29 SIDE I EAD SHIELD 1.136 APPROX, cu. FT.

'"
7 2 SA 36 \.JHEEL TRACI< 0,25 THK, X 1.0 X 1.0 X 128 LG, ANGLE
8 2 SA 516 GR, 70 DOOR TOP PLATE 2,25 THI<. X 47 \.JIDE 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 516GR, 70 DOOR BOTTOM PLATE 1/2 THI<. X 44,5 \.JIDE X 65 LG, PLATE (CUT AS NECESSARY>
13 4 SA 516 GR 70, DOOR \.JHEEL HOUSING 1 7/8 THI<. X 6 \.JIDE X 25 LG,

'" 14 2 SA 516 GR, 70 DOOR INTERFACE PLATE 1 H-II<. X 3 3/4 \.JIDE X 80 LG, PLATE

'" 15 2 SA 516GR, .70 DOOR SIDE PLATE 1 THI<. X 5.75 \.JIDE X 65 LG, PLATE
'" 15A 4 SA 516· GR. 70 DOOR SIDE PLATE 1 THI<. X 5.75 \.JIDE X 65 LG, PLATE

16 4 SA 516 GR, 70 DOOR SIDE PLATE 1 THI<. X 2 \.JIDE X 29 APPROX, LG, PLATE
17 2 ClSOR SIS DOOR HANDLE 3/4-10UNC EYE BOLT
18 12 COMMERCIAL DOOR \.JHEEL 6 X 3 V-GRODVE ~HEEL

19 12 SA 193 B7 \.JHEEL SHAFT 1.25-7UNC (1.25 THREAD LENGTH) X 6,625 LG, BAR \.JITH
SCRE\.JDRIVER SLOT FOR INSTALLATION AT UNTHREADED END,

20 -- DELETED - - - - -- -

, 21 2 SA 516 GR,70 LID HOUSING STIFFENER 1 THI<. X 1.5 \.JIDE X 8,625 LG, PLATE

, 22 4 SA 193 B7 DOOR LOCK BOLT
3 - 4 UNC X 11,25 LG, HEX, BOLTS \.J / 1.5 LG, IHREADED
AT END

23 4 SA 516 GR, 70 DOOR STOP BLOCI< 2 THK, X 2 \.JIDE X 8 LG, BLOCI<
24 8 SA 193 B7 DOOR STOP BLOCK BOLT 1 - 8 UNC X 3 LG, BOLT \.J/ 2,5 LG, THREADED AT END
25 2 SA 516 GR, 70 DIJOR END PLA TE 1 THI<. X 2 \.JIDE X 24 LG, PLATE
26 4 SA 516 GR,70 LIFTING LUG 0.75 THK, X 3 \.JIDE X 3.5 LG, PLATE
27 4 SA 516 GR, 70 LIFTING >LUG PAD 0,5 THK, X 5 SQ, PLATE

~ 28 1 CARBON STEEL TOP PLATE EXTENSION 1 1/2" THI<. X 5.75" \.JIDE X 89 LG, PLATE
~ 29 2 CARBON STEEL AIR HOSE GUIDE 2" X 2" SQ, TUBE \.J/ 1/4" THI<. \.JALL

NOTES:
[) ALL DIMENSIONS ARE APPROXIMATE.

&:,

&:,

&:'@\DRA\.JIINGS\1026\HI-TRAC\BM2152R8
lU·STORM.r.OFSAR

~.!G_~r.Ga
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CLIENT LICENSING DRAWING PACKAGE COVER SHEETGENERAL

PROJECT NO. 1025 P.O. NO. N/A

)

DRAWING 3768 TOTAL 12 REVISION LOGPACKAGE 1.0. SHEETS

REV AFFECTED DRAWING SUMMARY OF CHANGESI PREPARED APPROVAL VIR#,SHEET NUMBERS AFFECTED ECOs BY DATE

0 INITIAL ISSUE 1025-36 S.CAIN 11/15/01 37568

LICENSING DRAWING PACKAGE CONTENTS: 1 ALL 10Z5-36, REV. t S.CAIN 6/26/02 47339

2 SHEETS 9& 11 t025-40,REV.O S.CA1N 10/21/02 81264

SHEET DESCRIPTION 3 SHEET 4 1025-42, REV. 0 S.CAIN 12111/02 40539

1 COVER SHEET 4 SHEETS4& 9 1025-44, REV, 0,1025-45, REV. 0 S.CAIN 5116103 65098

2 ASSEMBLY DRAWING AND Bill OF MATERIALS
5 S.CAINSHEETS 1, 10 & 12 1025-46 6/20103 59183

3 OVERALL DIMENSIONS

4 POOL LID ASSEMBLY 6 SHEETS 6&B 1025-51,Rev,D a.Bulier 10105/04 28534

5 BASE PLATE ASSEMBLY 7 SHEEl6 l025-54,Rev.O O.8ull!lr 03111/05 35646: C
6 OlITER SHELL AS5MBlY

8 SHEETS2&4 1025-57, Rev. 0 P.l. 07123108 33640
7 TOP FLANGE ASSEMBLY

8 ,RUNNION AND INNER SHEll ASSEMBl.Y

9 WATER JACKET SHELL ASSEMBLY
t TIlE VALIDATION IDENTIFICATION RECORD (\'lRI NUMBER IS ACOMPUTER GENERATED RANDOM NUMBER WHICI-I

10 TOP LID ASSEMBLY "
CONFIRMS THAT ALL APPROPRIATE REVIEWS OF nIlS DItAWING ARE DOCUMENTED IN COMPANY'S NETWORK.

11 OPTIONAL RADIAL RIB DESIGN

t
12 OPTIONAL BonOM FLANGE DESIGN

r--~~6.
NOTES: ~
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CLIENT LICENSING DRAWING PACKAGE COVER SHEETGENERAL

PROJECT NO. 1024 P.O. NO. N/A
REVISION LOG

)
IT IS MANDATORY AT EACH REVISION TO COMPLETE THE REVIEW & APPROVAL LOG STORED TN HOLTEesDRAWING 4116 TOTAL 13 DIRECTORY N:'J'OOA'W!NI\\'ORKING\DBAL BY ALL RELEVANT TECHNICAL DlSC!PLINES. PM AND 0,\ PERSOf\;"NEL.

PACKAGE I.D. SHEETS EACH t\ITt\o-JED OItAWING SHEET CONTAINS ANNOTATED nUANGLES INDICATING nlE REVISION TO TI-IE DRAWING.

REV AFFECTED DRAWING SUMMARY DF CHANGESI PREPARED APPRDVAL VIR#.SHEET NUMBERS AFFECTED EGOs BY DATE

12 SHEET 9 1024·119 REV. 0 D.C.B. 04/04106 60064
LICENSING DRAWING PACKAGE CONTENTS: 13 SHEETS 2. 4. 6, 8. 9 1024-121, REV. O. 1024-123, REV. 0 S.Le OBl15105 44522

14 SHEETS 2,9, & 11 1024-126,REV.O MAP 08116106 30492

SHEET DESCRIPTION 15 SHEETS 7,6,9 1024-131,REV,O LDV 119107 84320
1 COVER SHEET 16 SHEETS 1,8 1024-'34, REV. 0 AG 03119107 57608
2 ASSEMBLY DRAWING

SHEET 11 SLC17 1024·135, REV. 1 05117/07 899823 ASSEMBLY

4 BASE INLET ASSEMBLY 18 SHEETS 1, 3, 6& 7 1024-141 REV. 0 D.C.B. 01/29108 31729
5 BASE INLET DETAILS 19 SHEETS 1, J, 6 & 7 1024·142 REV. 0 PI 07/14108 58142;
6 CASK BODY ASSEMBLY

7 CASK BODY DETAILS

6 CLOSURE LID ASSEMBLY

9 CLOSURE LID DETAILS

10 BASE INLET WELDS

11 CASI< BODY WELDS
t THE VALIDAnoN IDENTIFICATION RECORD 'VIR) NUMBER IS A COMPUTER GENERATED RANDOM NUMBER WHlen

~
12 CLOSURE LID WELDS CONFlfUo.1S TlIAT ALL APPROPIUATE REVIEWS OF nns DRAW1NG ARE DOCUMENTED IN COMPANi~S NETWORK.

13 GAMMA SHIELD SHIELD INLET & OUTLET ASSEMBLIES

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

BI 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

5~'J,.1I(~W~Elfi!~b'i-~'t~ME.i1ot;)~T6~~3~1'~~OF REVISION NUMBERS

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. i

6, UNLESS OTHEWISE NOTED, FULL PENETRATION WELDS MAY BE MADE FROM EITHER ,
SiDE OF A COMPONENT,

"
7, b~s~\f,~tA~~gm~ 1~~~~1'i:~TM~%~~~~~iJ~~b~~~~~~TBt01',Ps~~cWfo~'~~~~T HI-STORM 100S VERSION B

PROVIDED ON THE FABRICATiON DRAWING, ISOMETRIC VIEW

8, ALL WELD SIZES ARE MINIMUMS EXCEPT AS ALLOWED BY APPLICABLE CODES AS
CLARIFIED IN THE FSAR. FABRICATORS MAY ADD WELDS WITH HOLTEC APPROVAL., A

9. WELDS IDENTIFIED WITH AN # ARE CONSIDERED NON·NF WELDS, WELDS MAY BE MADE Cl~'.~

USING PREQUALIFIED WELDS IN ACCORDANCE WITH AWS D1.1 OR PER ASME SECTION IX. III1I1IUIII GENERAL
10, THE 318" FILLET OR GROOVE WELD MAY BEAPPLIED TO THE OUTER OR INNER DIAMETERS HOLTEC """"" ..........

OF THE OUTER SHELL. THE WELD MAY BE APPLIED ALTERNATELY BETWEEN THE INNER & OUTER HI-STORM 100S
DIAMETER PROVIDED THERE IS AN OVERLAP OF THE INNER AND OUTER WELD, INTERNATIONAL

VERSION B
~11.DEl..ETED_ HOLTECCEllrER

55~lIN=U<ORIVE:WEST COVER SHEETMARlTOllfUOStlSJ

.~,,~ 1024 -·~;:sT&.1AQ,o FS!;;' 1 I '{5'
pal'"
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INLET GAMMA
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NOTES;

1. MULTIPLE HOLES MAY BE DRILLED AND TAPPED INTO THE HI,STORM BODY / LID FOR THE PURPOSE OF ATTACHING
TEMPERATURE MONITERING EQUIPMENT. HOLES SHALL BE 3/8" DIAMETER (MAX.) X 5/8" (MAX.) DEPTH. AFTER INSTALLATION
OF THE TEMPERATURE MONITORING EQUIPMENT HOLES SHALL BE PLUGGED.
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DETAIL H

INNER
SHELL

rCHANNEL

y[ I::J
INNER
SHEll (OPTIONAL)

CHANNEL TO BE WELDED
TO INNER SHELL WID CHANNEL MOUNT

CASK DIMENSION
TYPE A
218 17/16"±1/4"

229 127/16"±1/4"

&

TOP

3

SECTION F-F

4

¢113"±J/4"B,C.
OR

¢10J"±314 B.C.

Jill
I----------~IIT~-]]-]--ltrl-r]-~[IDr----------I
_ilL __~-JJll-
-]Jlf-rnJ
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~~
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CHANNEL
MOUNT
J/16"THK.
(CIS)

I

CHANNEL I3J16"THlt
(SA 240 TYPE 304)

I

6

6

RADIAL GUSSET
'"THK. (SA 516 GR. 70)

7

7

ISOMETRIC SECTION VIEW

RADIAL BOTTOM
'" THK. (SA 516 GR. 70)--'"

8

ANCHOR BLOCK
6" DIA. (SA 350 lF2

RADIAL PLATE
1"THK. (SA 516 GR. 70)---.....

TOP PLATE
l"THK, (SA 516 GR. 70

OUTER SHELL
," THK. (SA 516 GR. 70)
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¢113" REF. B.C.
OR

¢103" REF. B.C.

SECTION J.J

I 17'REF. I

tZE

TOP PLATE

HI-STORM 100S fYYY)-XXXX I
.EMPTY WEIGHT:__LBS.

__kg.

HOLTEC INTERNATIONAL

23

RADIAL PLATE

RADIAL BOTTOM

n :~~"""
JO. REF. J J 1/4-4 X 611Z" DP. MIN.

J ANCHOR BLOCK

r I .. YYY IS THE HEIGHT DESIGNATION...... -!. XXXX IS THE SERIAL NUMBER.. I TO BE DETERMINED AT FABRICATlON7
277/16"REF.-----1

45

r/J1a2'1/Z"±1/4" 0.0. AVG.

6

I + I

7

¢751f2"~~~ri: 0.0. AVG.
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I
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"'JJ2'~E~ 1103'BCI! 1.---
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, [8', l
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i ~I I,

I
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I,

I,

I,
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--------_-_..._----
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**-< ~V~l~:'
60' MIN.

I
I

-~--+---r~-- I

I

I I
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CLIENT - LICENSING DRAWING PACKAGE COVER SHEETGENERAL

PROJECT NO. 1026 P.O. NO. NIA

D D
DRAWING 4'128 TOTAL 10 REVISION LOGPACKAGE 1.0. SHEETS

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

0 I INITIAL ISSUE 1026-30 S.CAIN 8/25103 82748
LICENSING DRAWING PACKAGE CONTENTS: 1 I ALL SHEETS 1026-31 T.F.O. 10/27/03 70107

- 2 I SHEET4 1026.32 LEH 12/17103 86122 I-

SHEET DESCRIPTION 3 SHEET 5 & 8 1026·33 T.F.O. 3/23104 30678
1 COVER SHEET 4 SHEET 6 1026-40 JJB 12/30/05 62382
2 ASSEMBLY DRAWING AND BILL OF MATERIALS

5 1026-41 61656SHEET 4 SLC 2/15/06
3 OVERALL DIMENSiONS

4 POOL LID ASSEMBLY

C
5 BASE PLATE ASSEMBLY--_._. C
6 OUTER SHELL ASSEMBLY I
7 Tope, I

6 TRUNNIOl< AND INNER SHELL ASSEMBLY I
9 WATER JACKET SHELL ASSEMBLY--_. -t TilE VALIDAnON IDENTIFICATION RECORD eVJR) NUMBER IS A COMPUTER GENERATED RANDOM NUMBER ",men

10 TOP LID ASSEMBLY CONFIID.IS mAT ALL APPROPRIATE REVIEWS Of TIllS DRAWING ARE DOCUMENTED IN COMPANY'S NET\\'ORK.

.. ----

i.----.-.~----

NOTES:

1. THE EQUIPMENT DOCUMENTED IN THiS DRAWING PACI(AGE HAS BEEN
CONFIRMED BY HOLTEC INTERNATIONAL TO COMPLY WITH THE SAFETY
AI<ALYSES DESCRIBED IN THE HI-STORM FSAR.

B ---- 2. DIMENSIONAL TOLERANCES ON THIS DRAWING ARE PROVIDED SOLELY FOR BILICENSING PURPOSES TO DEFINE REASONABLE LIMITS ON THE NOMINAL
DIMENSIONS USED IN LICENSING WORK. HARDWARE IS FABRICATED IN
ACCORDANCEWITH 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

--_.. ---~----~"~--_. 5~~lNW~E~'i!~6~~A~MER'Jo~FsT5NU~8~~~~OF REViSiON NUMBERS

4. APPLICABLE CODES AND STANDARDS ARE DELINEATED IN FSAR SECTiON 2.2.4.
I-

- 5. ALL WELDS REQUIRE VISUAL EXAMINATION. ADDITIONAL NDE INSPECTIONS

,i']l~;~ ~,,:
ARE NOTEO ON THE ORAWING. NDE TECHNIQUES AND ACCEPTANCE CRITERIA
ARE PROVIDED IN FSAR TABLE 9.1.4.

....j~
6. UNLESS OTHEWISE NOTED. FULL PENETRATION WELDS MAY BE MADE FROM EITHER

SIDE OF A COMPONENT.
. ....................ISOMETRIC VIEW OF

7. THiS COMPONENT IS IMPORTANT-TO-SAFETY, CATEGORY A. BASED ON THE HIGHEST HI·TRAC 1000

CLASSIFICATION OF ANY SUBCOMPONENT. SUBCOMPONENT CLASSIFICATIONS ARE TRANSFER CASK

PROVIDED ON THE DESIGN DRAWING.
"NOTICE: CERTAIN DESIGN AND OPERATJONAL FEATURES OF THIS

6. ALL WELD SIZES ARE MINIMUMS EXCEPT AS ALLOWED BY APPLICABLE CODES AS eQUIPMENT ARE PROTECTED UNDER U.S. PATENT NO. 6,587,536.

A CLARIFIED IN THE FSAR. FABRICATOR MAY ADD WELDS WITH HOLTEC APPROVAL AN INFRINGEMENT BY ANY ENTITY IS UNLAWFUL- A
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/
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PLAN VIEW
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APPENDIX 1.A: ALLOY X DESCRIPTION

I.A ALLOY X DESCRIPTION

1.A.I Alloy X Introduction

Alloy X is used within this licensing application to designate a group ofstainless steel alloys. Alloy
X can be anyone of the following alloys:

• Type 316

• Type 3l6LN

• Type 304

• Type 304LN

Qualification ofstructures made ofAlloy X is accomplished by using the least favorable mechanical
and thermal properties of the entire group for all MPC mechanical, structural, neutronic,
radiological, and thermal conditions. The Alloy X approach is conservative because no matter
which material is ultimately utilized, the Alloy X approach guarantees that the performance of the
MPC will meet or exceed the analytical predictions.

This appendix defines the least favorable material properties of Alloy X.

I.A.2 Alloy X Cornmon Material Properties

Several material properties do not vary significantly from one Alloy X constituent to the next. These
cornmon 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)
• Tensile (Ultimate) Strength (Su)
• Yield Strength (Sy)
• Coefficient of Thermal Expansion (a)
It Coefficient of Thermal Conductivity (k)
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Each of these material properties are provided in the ASME Code Section II [1.A.I]. Tables 1.A.I
through I.A.5 provide the ASME Code values for each constituent ofAlloy 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
themlal conductivity. The thermal conductivity decreases with the decreasing temperature. The
thennal conductivity value for -40°F is linearly extrapolated from the 70°F value using the difference
from 70°F to lOO°F.

The Alloy X material propeliies are the minimum values ofthe group for the design stress intensity,
tensile strength, yield strength, and coefficient ofthermal 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 oftensile strength and yield strength
lead to lower allowables that are based on tensile strength and yield strength. When compared to
calculated values, these lower allowables result in factors of safety that are conservative for any of
the constituent materials ofAlloy X. Further discussion of the justificationfor using the minimum
values of coefficient of thermal conductivity is given in Chapter 3. The maximum and minimum
values are used for the coefficient of thermal expansion of Alloy X. The maximum and minimum
coefficients of thermal expansion are used as appropriate in this submittal. Figures 1.A.1-1.A.5
provide a graphical representation ofthe varying material properties with temperature for the Alloy
X materials.

I.AA References

[1.A.I] ASME Boiler & Pressure Vessel Code Section II, 1995 ed. with Addenda through 1997.
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Table l.A.l

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

Alloy X

Temp. COF) Type 304 Type 304LN Type 316 Type 316LN
(minimum of
constituent

values)

-40 20.0 20.0 20.0 20.0 20.0

100 20.0 20.0 20.0 20.0 20.0

200 20.0 20.0 20.0 20.0 20.0

300 20.0 20.0 20.0 20.0 20.0

400 18.7 18.7 19.3 18.9 18.7

500 17.5 17.5 18.0 17.5 17.5

600 16.4 16.4 17.0 16.5 16.4

650 16.2 16.2 16.7 16.0 16.0

700 16.0 16.0 16.3 15.6 15.6

750 15.6 15.6 16.1 15.2 15.2

800 15.2 15.2 15.9 14.9 14.9

Notes:

1. Source: Table 2A on pages 314,318,326, and 330 of [LA. 1].

2. Units of design stress intensity values are ksi.
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Table 1.A.2

ALLOY X AND CONSTITUENT TENSILE STRENGTH (Su) vs. TEMPERATURE

Alloy X

Temp. (OF) Type 304 Type 304LN Type 316 Type 316LN
(minimum of
constituent

values)

-40 75.0 (70.0) 75.0 (70.0) 75.0 (70.0) 75.0 (70.0) 75.0 (70.0)

100 75.0 (70.0) 75.0 (70.0) 75.0 (70.0) 75.0 (70.0) 75.0 (70.0)

200 71.0 (66.2) 71.0 (66.2) 75.0 (70.0) 75.0 (70.0) 71.0 (66.2)

300 66.0 (61.5) 66.0 (61.5) 73.4 (68.5) 70.9 (66.0) 66.0 (61.5)

400 64.4 (60.0) 64.4 (60.0) 71.8 (67.0) 67.1 (62.6) 64.4 (60.0)

500 63.5 (59.3) 63.5 (59.3) 71.8 (67.0) 64.6 (60.3) 63.5 (59.3)

600 63.5 (59.3) 63.5 (59.3) 71.8 (67.0) 63.1 (58.9) 63.1 (58.9)

650 63.5 (59.3) 63.5 (59.3) 71.8 (67.0) 62.8 (58.6) 62.8 (58.6)

700 63.5 (59.3) 63.5 (59.3) 71.8 (67.0) 62.5 (58.4) 62.5 (58.4)

750 63.1 (58.9) 63.1 (58.9) 71.4 (66.5) 62.2 (58.1) 62.2 (58.1)

800 62.7 (58.5) 62.7 (58.5) 70.9 (66.2) 61.7 (57.6) 61.7 (57.6)

Notes:

1. Source: Table U on pages 437, 439, 441, and 443 of[1.AI].

2. Units of tensile strength are ksi.

3. The ultimate stress of Alloy X is dependent on the product form of the material (i.e.,
forging vs. plate). Values in parentheses are based on SA-336 forged materials (type
F304, F304LN, F316, and F316LN), which are used solely for the one-piece construction
MPC lids. All other values correspond to SA-240 plate material.
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Table 1.AJ

ALLOY X AND CONSTITUENT YIELD STRESSES (Sy) vs. TEMPERATURE

Alloy X

Temp. (OF) Type 304 Type 304LN Type 316 Type 3l6LN
(minimum of
constituent

values)

-40 30.0 30,0 30.0 30.0 30.0

100 30.0 30.0 30.0 30.0 30.0

200 25.0 25.0 25.8 25.5 25.0

300 22.5 22.5 23.3 22.9 22.5

400 20.7 20.7 21.4 21.0 20.7

500 19.4 19.4 19.9 19.4 19.4

600 18.2 18.2 18.8 18.3 18.2

650 17.9 17.9 18.5 17.8 17.8

700 17.7 17.7 18.1 17.3 17.3

750 17.3 17.3 17.8 16.9 16.9

800 16.8 16.8 17.6 16.6 16.6

Notes:

1. Source: Table Y-l onpages 518, 519, 522, 523, 530, 531, 534, and 535 of [LA.!].

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
Alloy X Alloy X

Temp. (OF) and and
Maximum Minimum

Type 304LN Type 316LN

-40 8.55 8.54 8.55 8.54

100 8.55 8.54 8.55 8.54

150 8.67 8.64 8.67 8.64

200 8.79 8.76 8.79 8.76

250 8.90 8.88 8.90 8.88

300 9.00 8.97 9.00 8.97

350 9.10 9.11 9.11 9.10

400 9.19 9.21 9.21 9.19

450 9.28 9.32 9.32 9.28

500 9.37 9.42 9.42 9.37

550 9.45 9.50 9.50 9.45

600 9.53 9.60 9.60 9.53

650 9.61 9.69 9.69 9.61

700 9.69 9.76 9.76 9.69

750 9.76 9.81 9.81 9.76

800 9.82 9.90 9.90 9.82

Notes:

L Source: Table TE-1 on pages 590 and 591 or[LA1].

2. Units of coefficient of thermal expansion are in.lin._oF x 10-6
.

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR
REPORT HI-2002444 l.A-6

Rev. 4

HI-STORM 100 FSAR
Revision 7
August9,2008



Table 1.A.5

ALLOY X AND CONSTITUENT THERMAL CONDUCTIVITY vs. TEMPERATURE

Type 304 Type 316
Alloy X

Temp. CF) and and
(minimum of
constituent

Type 304LN Type 316LN
values)

-40 8.23 6.96 6.96

70 8.6 7.7 7.7

100 8.7 7.9 7.9

150 9.0 8.2 8.2

200 9.3 8.4 8.4

250 9.6 8.7 8.7

300 9.8 9.0 9.0

350 10.1 9.2 9.2

400 10.4 9.5 9.5

450 10.6 9.8 9.8

500 10.9 10.0 10.0

550 11.1 10.3 10.3

600 11.3 10.5 10.5

650 11.6 10.7 10.7

700 11.8 11.0 n.o
750 12.0 11.2 11.2

800 12.2 11.5 11.5

Notes:

1. Source: Table TCD onpage 606 of [1.A.1].

2. Units of thermal conductivity are Btu/hr-ft-oF.
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YIELD STRESS VS. TEMPERATURE
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APPENDIX l.B: HOLTITE ™ MATERIAL DATA

The infOlmation provided in this appendix describes the neutron absorber material, Holtite-A for the
purpose of confmning 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™. 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 (Al(OH)3) in an epoxy resin binder. Aluminum hydroxide is
also known by the industrial trade name of aluminum tri-hydrate or ATH. ATH is often used
commercially as a fire-retardant. Holtite-A contains approximately 62% ATH supported in a typical
2-part epoxy resin as a binder. Holtite-A contains 1% (nominal) by weight B4C, a chemically inert
material added to enhance the neutron absorption property. Pertinent properties of Holtite-A are
listed in Table 1.B.1.

The essential properties of Holtite-A are:

1. the hydrogen density (needed to thermalize neutrons),

2. thenllal stability of the hydrogen density, and

3. the uniformity in distribution ofB4C needed to absorb the themlalized neutrons.

ATHand the resin binder contain nearly the same hydrogen density so that the hydrogen density of
the mixture is not sensitive to the proportion of ATH and resin in the Holtite-A mixture. 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 B4C is
unifonnly distributed withno evidence ofsettling ornon-unifomuty. Furthennore, an excess of B4C
is specified in the Holtite-A nuxing and pouring procedure as a precaution to assure that the B4C
concentration is always adequate throughout the mixture.

The specific gravity specified in Table 1.B.l does not include an allowance for weight loss .. The
specific gravity assUllledin theshielding analysis includesa 4% reduction to conservatively account
for potential weight loss at the design temperatures •listed in TabIe l.B .•1. or an inability. to reach
theoretical density. Tests on the stability ofHoltite-A were performed by Holtec International. The
results ofthe 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-A™ 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 ofthe 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 unif01111ly distributed with no
evidence of settling or non-uniformity.

Based on the information described above, Holtite-A meets all ofthe requirements for an acceptable
neutron shield material.
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Table 1.B.l

REFERENCE PROPERTIES OF HOLTITE-A NEUTRON SHIELD MATERIAL

PHYSICAL PROPERTIES
%ATH 62 nominal
Specific Gravity 1.68 glee nominal
Max. Continuous Operating Temperature 300°F
Max. Short-Term Operating Temperature 350°F (Note 1)
Hydrogen Density 0.096 glee minimum
Radiation Resistance Excellent
CHEMICAL PROPERTIES (Nominal)
wt% Aluminum 21.5
wt% Hydrogen 6.0
wt% Carbon 27.7
wt%Oxygen 42.8
wt% Nitrogen 2.0
wt%B4C 1.0

NOTES:

1. As defined in Section 2.2, all operations involving the HI-TRAC transfer cask are short-tenn
operating conditions. The short-tenn 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 I.C: MISCELLANEOUS MATERIAL DATA

Thermaline 450 or equivalent is specified to coat the HI-STORM overpack to the maximum extent
practical and the inner cavity ofthe 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 l.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 ofthe 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 ofthe HI-STORM, the stresses in the concrete continuum are negligible,
arising solely from its self-weight. ACI 318.1-89(92) provides fonnulas for pennissible compressive
and bearing stresses in plain concrete, which incorporate a penalty over the corresponding
permissible values in reinforced concrete. The formulas for pennissible compressive and bearing
stresses set forth in ACI 318.1-89(92)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 "critical
characteristics" of the concrete, as defined herein, are fully satisfied. During nornlal 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.

1.D.2 Design Requirements

The primary function of the plain concrete is to provide neutron and. gamma shielding..As plain
concrete is a competent structural member in compression,the plain concrete's effect on the
perfOlmance ofthe HI-STORM overpack under compression loadings is considered and modeled in
the structural analyses, as necessary. The formulas forpennissible compressiveandbearing stresses
set forth in ACI 318, 1-89(92)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 ofthe 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-12l5) of the HI-STORM
overpack are made from carbon steel. Credit for the structural strength ofthe plain concrete is only
taken to enhance the compressive load carrying capability ofthe concrete in calculations appropriate
to handling and transfer operations, and to demonstrate that the HI-STORM 100 System continues to
provide functional performance in a post-accident environment. Therefore, the load combinations
provided in ACI 349 and NUREG-1536, Table 3-1 are not applicable to the plain concrete in the HI
STORM overpack.

The shielding performance of the plain concrete is maintained by ensuring that the minimum
concrete density is met during construction and the allowable concrete temperature limits are not
exceeded. The thermal analyses for normal and off-normal conditions demonstrate that the plain
concrete does not exceed the allowable long term temperature limit provided in Table 1.D.l. 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.l. 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.

l.D.2.l Test Results to Support Normal Condition Temperature Limit

Note 3 to Table 1.D.l references ParagraphAA.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 perfonned by Carette and Malhorta [l.D.1] that examined conditions
velY similar to those ofthe 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 ofexposure." 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 theincrease 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 [l.D.2] examined weight loss of concrete at elevated temperatures. Tests
were performed on l2mm diameter by 40 mm long test cylindersin an apparatus called a thermo
balance. A variety of aggregates (i.e., quartz, limestone and basalt) were tested. The test results
indicate a worst-case weight loss of 0.666% from 300°F to 390°F for quartz aggregates. This
maximum level ofweight loss would reduce the concrete density from 2.24 gIn/cc to 2.225 gIn/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 0.529%. As discussed in Section 5.3.2, such reductions are negligible with
respect to shielding performance.

l.D.3 Material Requirements

Table 1.D.1 provides the material limitations and requirements applicable to the overpack plain
concrete. These requirements, drawn from ACI 349-85 and supplemented by the provisions of
NUREG 1536 (page 3-21), are intended to ensure that the "critical characteristics" ofthe 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 ofthe 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 ofsteel 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 overpackstructure. For
example, the overpack concrete is not exposed to the envirOlilllent, so provisions in the standard for
protecting concrete from the environment would not be applicable to the concrete contained in the
overpack.

In accordance with the requirement in Section 3.3 of Appendix B of the HI-STORM 100 CoC,
Section 1.D.4, Table 1.D.l and Table l.D.2 were developed usingthe guidance ofACI 349-85, to
the extent it needs to be applied to the unique application ofplacing unreinforced concrete inside the
steel enclosure ofthe HI-STORM overpack. Other concrete standards were used, as appropriate, to
provide the controls neceSSaIy to assure that the critical characteristics ofthe overpack concrete will
be achieved and that the concrete will perform its design function.

l.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 Holtecconcrete 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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l.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 fme and course
aggregate, laboratory testing shall be carried out to confirm grading per ASTM C33 as well as the
test per ASTM C117 to determine materials fmer 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 weIhs 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.

1.D.4 Construction Requirements
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Method ofplacement ofthe concrete is importantto 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
vibratOlyagitation. 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 ofthe 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 of a quantity to support required break tests as detailed in the governing
Holtec procedure and will ensure a representative sample ofthe concrete is tested in accordance with
ACI 349-85. At a minimum one set ofsamples must be taken for 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 ofconcrete 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.

l.D.6 References

[1.D.1]

[1.D.2]

[1.DJ]

Carette and Malhorta, "Performance ofDolostone and Limestone Concretes at Sustained
High Temperatures," Temperature Effectson Concrete, ASTM STP 858.

Schneider and Horvath, "Behaviour ofOrdinary Concrete at High Temperature,"
Viel1l1a Technical University - Institute for Building Materials and Fire Protection,
Research Report Volume 9.

Concrete Manual, 8th Edition, US Bureau of Prociamation, Denver, Colorado, 1975.
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Table l.D.l
Requirements for Plain Concrete

ITEM APPLICABLE LIMIT OR REFERENCE
Density in overpack body (Minimum) l40lb/ft3

(see Table 3.2.1 for information on maximum
concrete density)
Density in lid and pedestal (Minimum) 140 lb/ft3 (HI-STORM 100S Version B does not
(See Table 3.2.1 for infonnation on maximum have a concrete-filled pedestal)
concrete density)
Specified Compressive Strength 3,300 psi (min.)
Compressive and Bearing Stress Limit Per ACI 318.1-89(92)
Cement Tvpe 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 ofcement (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 Assurance Manual, 10 CFR Part

72, Appendix G commitments
Tfu'ough-Thickness Section Averaget Temperature 300°F (See Note 3)
Limit Under Long Tenn Conditions
Through-Thickness Section Averaget Temperature 350°F (Appendix A, Paragraph AA.2)
Limit Under Short Tenn Conditions

Aggregate Maximum Valuett of Coefficient of 6E-06 inchiinch/oF
Thennal Expansion (tangent in the range of 70°F (NUREG-l536,3.V.2.b.i.(2)(c)2.b)
to 100°F)

The through-thickness section average is the same quantity as that defined in Paragraph AA.3 of Appendix A to
ACI 349 as the mean temperahlre distribution. A fOlmula for detennining this value, consistent with the inner
and outer surface averaging used in this FSAR, is presented in Figure A-I ofthe commentary on ACI349. 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 chemica! reactions between the
aggregate and cement selected for HI-STORM overpack concrete.
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Table l.D.l (continued)
Requirements for Plain Concrete

1. Deleted

2. The coarse aggregate shall meet the requirements ofASTM C33 for class designation 1S 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 ofTables 1.D.l and 1.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 % ifthe material is essentially free of
clay or shale.

3. The 300°F long tenn temperature limit is specified in accordance with Paragraph A.4.3 of
Appendix A to ACI 349 for nonnal conditions considering the very low maximum stresses
calculated and discussed inSection 3.4 ofthis FSAR fornonnal conditions. In accordance with
this paragraph ofthe 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 ofreduction in
concrete density or durability.

4. Tests ofmaterials and concrete, as required, shall be made in accordance with standards ofthe
American Society for Testing and Materials (ASTM) as specified here, to ensure that the
critical characteristics for the HI-STORM concrete are achieved. ASTM Standards to be used
include: C 31-96, C 33-82, C 39-96, C 88-76, C 131-81, C 138-92, C 143-98, C 150-97, C 172
90, C 192-95, C 494-92, C 637-73. More recent approved editions ofthe referenced standards
maybe used.

5. Deleted

6. Water and admixtures may be added at thejob site to bring both the slump and wet unit weight
of the concrete within the mix design limits. Water or admixtures shallllot be added to the
concrete after placement activities have started. The tolerance for individual and combined
aggregate weights in the concrete batchmay beoutside of tolerances specified in ASTMC94,
provided thatthe wet unit weight of the concrete is testedprior to placement and confmned to
be within the approved range.
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Table l.D.2: Testing Requirements for Plain Concrete

TEST SPECIFICATION

Compression Test ASTM C31, ASTM C39, ASTM C192

Unit Weight (Density) ASTM C138

Maximum Water Soluble Federal Highway Administration Report FHWA-RD-77-85,
Chloride Ion "Sampling and Testing for Chloride Ion in Concrete" (Note 1)
Concentration

Notes:

1. If the concrete or concrete aggregates are suspected of containing excessive amounts of
chlorides, they will be tested to ensure that their contribution will not cause the water
soluble chloride concentration to exceed the required maximum. Factors to be considered
will consist of the source of the aggregates (proximity to a salt water source, brackish area,
etc.) and service history of the concrete made from aggregates originating from the same
source. No specific tests are required unless the aggregates or water source are suspected of
containing an excessive concentration of chloride ions.
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SUPPLEMENT 1.1

(This Section Reserved for Future Use)
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SUPPLEMENT l.H

[INTENTIONALLY DELETED]
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