
--= : - --

HOLTEC INTERNATIONAL

: ~HI-STORM.100 SYSTEM-
CERTIFICATE OF COMPLIANCE 72-1014

LICENSE AMENDMENT REQUEST 1014-2

REVISION 2

AUGUST, 2003



U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Document ID 5014490
Attachment I
Page 1 of 75

Holtec Response to Request For Additional Information
Holtec International HI-STORM 100 Amendment Request, TAC L23564

License Amendment Request 1014-2, RevisIon 1, Docket 72-1014

General

Question G-1

Revise the Final Safety Analysis Report (FSAR) to remove references to the Certificate of
Compliance (CoC) for discussions and analyses describing design features of the package and
parameters of proposed contents.

The CoC Is an NRC document. The CoC Is based on information contained in the FSAR and
therefore should not be used as the sole source for Information on which the staff must make a
finding.

This information is necessary in accordance with 10 CFR 72.11 and 72.236.

Response G-1

References to the CoC from the FSAR are an artifact of the original licensing process. At that
time (ca. 1999), the CoC did not exist until near the end of the licensing review of the HI-
STORM 100 System. The original CoC format and content were drafted by Holtec and
submitted to the NRC for adoption. The information- In the CoC was able to be derived, either
directly or indirectly from information in the FSAR. For this reason, the FSAR and CoC were not
developed as stand-alone documents and the FSAR, as the RAI correctly points out, contains a
number of references to the CoC for information. In response to this RAI, we have reviewed the
entire FSAR document and removed all inappropriate references to the CoC. Further, the
description of the authorized contents for the package in FSAR Section 2.1 has been enhanced
and clarified to provide a clear link between the information in the FSAR and the CoC such that
each document is autonomously complete.



-~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ -

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Document ID 5014490
Attachment I
Page 2 of 75

Chapter 1 - General Description

None.

Chapter 2 - Principal Design Criteria

Question 2-1

Provide the following information regarding proposed Technical Specification (TS) 2.3.

(a) Clarify the difference between "equivalent level of safety" and Consistent with applicable
requirements.'

It is not clear if content deviations that significantly decrease safety margins with respect
to design function criteria derived by the HI-STORM analyses (e.g., increase in
reactivity values or increase in cladding temperatures) would be permitted under this
approval mechanism.

(b) Clarify if alternative contents submitted to NRC for approval will be based on other
design/methodology changes performed under 10 CFR 72.48.

(c) Clarify if the alternatives in proposed TS 2.3 refer to only the content specifications
defined in Table 2.2-2, or those specifications defined in the entire Appendix.

For example, it is not clear if Holtec intends to use this provision to add new fuel
assembly types, new bumup and cooling times, or new regionalized loading patterns.

This information is required to determine compliance with 10 CFR Part 72.11 and 72.236(a).

Response 2-1

a. The phrases 'equivalent level of safety' and consistent with applicable requirements" in
proposed Technical Specification (TS) 2.3 are taken verbatim from NUREG-1745, which
suggests that this type of flexibility in dry storage cask TS is appropriate. Since these
are the NRC's words, we can only provide our interpretation of them. We interpret
'equivalent level of safety- to mean no significant reduction in safety margins. Therefore,
changes that create, for example, significant increases in reactivity or fuel cladding
temperatures would not be proposed under this process. We interpret 'consistent with
applicable requirements' to mean compliance with all applicable regulations and
commitments made in the current licensing basis (CoC and updated FSAR).

b. Requests for contents modifications would be based on the design/methodology in the
updated FSAR, as modified under 10 CFR 72.48. We note that modifications to
methods of analysis described in the FSAR without prior NRC approval are severely
limited by §72.48(c)(2)(viii). Any change to methodology approved under 10 CFR 72.48
requires the results to be essentially the same or more conservative (i.e., closer to the
limit) to avoid 'creating margin' via method change. Any such methodology changes
made under §72.48 that are used in a submittal under TS 2.3 will be clearly defined as
part of the submittal package. Each of the parameters listed in Part (c) below would be
treated as an input value and not a fundamental part of the methodology and any
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proposed change would be evaluated using the methodology described in the FSAR at
the time of the request, Including any changes made under 10 CFR 72A8.

c. Consistent with our telephone conversation held on June 6, 2003, we have clarified the
intended and scope of proposed new TS 2.3. Generally speaking, the intent of the
proposed new TS is to request NRC approval via this process for only minor contents
changes that meet all of the following criteria:

i. The proposed change does not significantly decrease any safety margins as
described in the FSAR.

ii.' The proposed change involves only a subset of the physical fuel assembly
parameters listed in CoC Appendix B, Section 2, Tables 2.1-1, 2.1-2 and/or 2.1-3.
This consists of the following parameters:

* Fuel assembly length
* Fuel assembly width
* Fuel assembly weight
* Fuel Rod Clad Outside Diameter (OD)
* Fuel Rod Clad Inside Diameter (ID)
* Fuel Pellet Diameter
* Fuel Rod Pitch
* PWR Guide/Instrument Tube Thickness
* BWR Water Rod Thickness
* BWR Channel Thickness

iii. There is a compelling client need whereby the normal certificate amendment process
would not support their fuel loading schedule (i.e., TS 2.3 would help avoid having to
use the §72.7 exemption process to maintain clients' fuel loading schedules).

The proposed change to TS 2.3 has been revised to accord with the above information.

Question 2-2

Provide information on the safety class of a damaged fuel container (DFC), design criteria
utilized for the. DFCs, design configuration Including connections and American Society for
Testing and Materials (ASTM) materials used, the structural evaluation for design loads, the
fabrication requirements and the inspection acceptance requirements for this component.

Section 2.1.3 notes that the DFCs for the Multi-Purpose Canister (MPC) 32F that is proposed in
Amendment 2 are stainless steel and are provided with 250 x 250 fine mesh screens. Figure
2.1.2D provides some related -information on the DFCs in terms of general dimensions and
design concept, however Table 2.2.6 that lists the Materials and Components of the HI-STORM
100 System does not address the DFC, Its components or its safety class. This relates to the
HI-STAR 100 (Docket 71-9261) Amendment 1 Request, RAI 1-2, dated February 25, 2003.

This information is necessary to comply with the requirements of 10 CFR Part 72, specifically
72.234, 72.236(b) and 72.236(c) relative to the application and approval of an amendment of a
certificate of compliance In the subject area of the design criteria for the structures, systems and
components important to safety.
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Response 2-2

The Holtec-designed Damaged Fuel Containers (DFCs) and the previously-approved
Transnuclear-designed DFCs for Dresden Unit I fuel are structural components that are
required to maintain the damaged fuel and fuel debris in an analyzed configuration under
normal and accident conditions of storage. Drawings of the Holtec DFCs were removed, with
SFPO's consent, from the HI-STORM FSAR as part of Amendment 1. Instead, appropriate
design information was added to the DFC figures in the FSAR (Figures 2.1.1 through 2.1.2C).
FSAR Figure 2.1.2D was proposed to be added for the MPC-32 DFC in this amendment
request, to be consistent with this licensing approach.

In response to this question, we have re-reviewed all DFC figures in the FSAR to ensure they
include key design information, such as dimensions, materials of construction, and design
codes. Figures 2.1.1 and 2.1.2D were updated accordingly. Furthermore, we should note that
the DFC's characteristics currently listed in Revision I of the HI-STORM FSAR, Table 2.2.6,
include information such as the safety class, applicable design code, and materials. The codes
applicable to the material, design, fabrication, and inspection of the DFCs are also listed in
FSAR Table 2.2.7. For clarity, Table 2.2.6 has been enhanced to clarify the material
specification and the applicability of ASME Section 1II, Subsection NG. We have also created
new FSAR Section 3.4.4.3.1.9 to include a summary of the DFC structural analyses and results.
[The details of these structural analyses can be found in Holtec Report HI-2012787, Revision 4,
Supplements 24 and 25. Revision 3 of this report was previously submitted to the NRC on this
docket on November 3, 2002. Revision 4 of this report was submitted to the NRC on Docket 71-
9261 on May 29, 2003.-

Question 2-3

Provide the thermal parameters for the Design Basis Spent Nuclear Fuel or suitable FSAR
reference for this information.

Section 2.1.6 of the FSAR refers to Table 2.1.5 and Section 5.2 for description and methodology
to determine the decay heat design basis fuel. Table 2.1.5 does not provide any information on
maximum decay heat, bumup, enrichment, and cooling time for the design basis fuel. Section
5.2 only provides information on design-basis fuel for shielding analyses.

This information is needed to assure compliance with 10 CFR 72.11 and 72.236.

Response 2-3

For the thermal analysis, the design basis fuel assembly is one that would result in the highest
computed peak cladding temperature (PCT) for a given heat load. The principal assembly-
dependent variables used in the thermal analysis are fuel assembly effective planar thermal
conductivity, fuel basket effective axial thermal conductivity, MPC density and heat capacity,
and fuel basket axial resistance to helium flow. As would be expected, each fuel assembly type
is different with respect to the above-mentioned thermal performance variables. In order to
assure that the computed PCT will bound that for any specific fuel assembly type, the design
basis assembly is defined by thermal variables that are a composite of several assembly types,
so that all of the thermal resistances are the maximum from the set of fuel assembly types
permitted to be stored in the HI-STORM 100 System.
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Stated differently, there is no single fuel assembly design that is used in all thermal calculations
as bounding of all others. Instead, each step in the thermal calculation utilizes the fuel assembly
design that results In the most conservative result. The bounding fuel assembly designs for
each thermal calculation performed are as follows:

Table 2-3.1
Thermal Analysis Bounding Fuel Assembly Design

Calculation Bounding BWR Fuel Bounding PWR Fuel
Assembly Assembly

Fuel Assembly Effective Planar Thermal GEl99W1x7OF
Conductivity _ _ _GE-11_9x9 W 17x17__FA
Fuel Basket Effective Axial Thermal GE7x7 W14x14OFA
Conductivity__ _ _ _ _ _ _ _ _ _ _ _ _ _ _

MPC Density and Heat Capacity GE 7x7 W 14x14 OFA

Fuel Basket Resistance to Thermosiphon GE-12114 10x10 B&W 15x15
F low _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

By always using the fuel assembly design that is bounding for a particular calculation, it Is
ensured that each calculation is Individually bounding for all assembly designs.

With respect to decay heat, it is not necessary to link the maximum allowable decay heat to
bumup, enrichment or cooling time. The decay heat load per fuel storage location is determined
to yield peak fuel cladding temperatures less than the allowable limits for the design basis fuel
defined in the forgoing. The permissible specific decay heat per fuel storage location is
Independent of the source of the heat (i.e., fuel or PWR non-fuel hardware). Thus, the maximum
fuel decay heats are actually results of the thermal analyses, not inputs. The HI-STORM 100
System users are responsible for satisfying all bumup, enrichment and cooling time
requirements (defined by criticality and shielding considerations) as well ensuring that the
contents of a given fuel cell location do not emit decay heat at a rate greater than the CoC limit
(defined by thermal considerations).

FSAR Section 2.1.6 and Table 2.1.5 have been modified to clarify the definition of the design-
basis fuel assembly used for thermal analysis work.

Question 2-4

Clarify how, for example, the following set of circumstances would be properly addressed given
proposed Change 14, identified on Page 17 of Attachment 2 of Revision 1 of this Amendment
request. It is noted in Table 2.2.7 of the FSAR for the fabrication of the HI-STORM 100
overpack steel structure that the fabrication Is performed under the provisions of the American
Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code Section 1II, Division
1, Subsection NF, and NF-4000. Section NF-4323 states, Only welders and welding operators
who are qualified in accordance with NF-4320 and Section IX shall be used.' If Section IX
qualification requirements are lowered In some future edition of the ASME Code, the Section Ill
Subcommittee may raise the requirements In NF-4320 In order to maintain a consistent margin
of safety and reliability for the welding processes. Consequently, with the design provisions
frozen in time to the 1995 Edition of the ASME Code with the addenda through 1997, and the
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reference to the latest version and addendum of the Code for Sections V and IX, it appears
there could be a lowering of the provisions if such a circumstance were to arise. Additionally.

a) indicate how the impact of such a circumstance can be prevented from degrading the
quality, reliability, and safety of the welding or nondestructive testing processes,

b) provide additional explanation for the clarifying statement that is proposed by the
amendment, and

c) provide additional explanation relative to the reason and justification for the proposed
change that assumes future changes to Section V and IX of the ASME Code do not
impact the quality, reliability, or safety of the HI-STORM 100 System.

Proposed Change 14 addresses changes relative to the use of the ASME Code. It is stated that
proposed changes to Section 3.3 of Appendix B of the Certificate of Compliance are to, '...allow
the latest effective versions of ASME Sections V and IX to govern the performance of non-
destructive examination (NDE) and welding, respectively. A related reference is made on page
2.2-14 of the FSAR in Section 2.2.4 in the third line of the first paragraph. The justification for
the proposed change is, "Code Sections V and IX are periodically revised by the ASME to more
closely reflect the state of the art in NDE and welding. It is prudent to require the performance
of the activities to be in accordance with the latest techniques endorsed by ASME. This change
does not affect the design or analysis of the storage system in any manner and is consistent
with the current practice of the fabricator of the components governed by the Code.'

This information Is necessary to comply with the requirements of 10 CFR Part 72, specifically
72.234, 72.236(b), 72.236(c) relative to the application and approval of an amendment of a
certificate of compliance in the subject area of the design bases, the design criteria and the
fabrication of structures, systems and components important to safety.

Response 2-4

The hypothetical scenario described in the RAI wherein a section of the ASME Code
deliberately reduces requirements, requiring compensatory action by another section is not
consistent with the philosophy underlying the ASME Code. To our knowledge, Section IX of the
Code has never been modified in a manner that results in reduced weld quality. Section l1l, on
the other hand, relies on the weld category (Code Article NB-3351), and NDE requirements to
define permissible weld efficiencies for stress analysis purposes. Welder qualification and
welding specifications, including essential and nonessential variables, are entirely within the
domain of Section IX; they do not factor in setting weld efficiencies at all.

The reason for upgrading the applicable welding and NDE editions of the Code to the latest
effective version is rooted in practicality. Our manufacturer (UST&D, Inc.) is an ASME Section
III, Class I certificate holder that fabricates a variety of Code components to the latest Code
editions in addition to Holtec's MPCs, overpacks, and ancillaries, which are currently fabricated
the 1995 edition, including 1996 and 1997 addenda. It is impractical to have different versions of
the same weld procedures on the shop floor, each referring to a different edition of the Code,
but otherwise identical in content. For ASME-stamped nuclear equipment, invoking later editions
of the welding and NDE sections of the Code is a routine matter. We request that a similar
flexibility be provided in the manufacturing of cask components.
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To address the Staffs concern stated In the RAI, we have revised the FSAR and CoC to require
Holtec International to perform a Code reconciliation evaluation before authorizing the adoption
of a later version Section IX or Section V by the manufacturer. FSAR Subsection 2.2.4 and CoC
Appendix B, Section 3.3 have been modified to add the Code reconciliation requirement.

Question 2-5

Clarify the current wording In Table 2.2.15.

In Table 2.2.15 on page 2.2-48, for the MPC basket supports and lift lugs, the reason for the
ASME Code alternative to NB-1132.2(d) and NB-1132.2(e) is described in the exception,
justification and compensatory measures section of the table. The following parenthetical
statement is made: "(nonstructural attachments used exclusively for lifting and empty MPC).'
This may lead to confusion since a lifting attachment is generically a structural attachment. It is
suggested that after the word mattachments" the phrase "relative to the function of a loaded
MPC that are be Inserted.

ThIs information Is necessary to comply with the requirements of 10 Part CFR 72, specifically
72.234, 72.236(b) and 72.236(c) relative to the application and approval of an amendment of a
certificate of compliance in the subject area of the design criteria for the structures, systems and
components important to safety.

Response 2-5

The text of Table 2.2.15 has be re-worded as suggested In the question.

Question 2-6

State the weight percentage of boron carbide in the METAMIC0 that would be used in the HI-
STORM cask.

With respect to use of Metamic, the NRC staffs prior approval of Metamic was intended to
limit the boron carbide content to 15%. The previous approval was stated as a real density,
which can be used to determine the percentage of boron carbide. Approval of a higher boron
carbide content in Metamice would require a complete testing program to demonstrate the
durability and efficacy of the-material. The percentage of boron carbide will be specified in the
Certificate of Compliance (CoC).

This information is necessary to comply with the requirements of 72.236(a).
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Response 2-6

It is true that NRC's approval of METAMIC has thus far been limited to 15 wt.% B4C. It is also
true that EPRI's benchmark testing program [2-6.1] on METAMIC* was focused on 15 and 31
wt.% B4C METAMICV . While limited test data on 40 wt.% B4C METAMICO is available, large-
scale manufacturing of METAMICP at 40w/o B4C has not been carried out thus far to ensure
that the properties deduced from limited coupon testing can be reliably and repetitively obtained
in production runs. Therefore, it is prudent to target the B4C weight percentage in METAMIC*
production to nominally 31%, for which a substantial body of experimental evidence to
characterize the material already exists. In fact, EPRI's extensive characterization effort [2-6.1]
provided the technical basis for NRC's recent approval of 31 wt.% B4C METAMIC* for use in a
PWR fuel pool for reactivity control [2-6.31.

As shown in the table below, the required weight percent of METAMlCe in Holtec MPCs will
exceed the 31% nominal value if a 25% efficacy penalty (i.e., 75% "oB credit) is applied to the
poison material in the criticality analyses. However, because METAMIC is an isotropic material
with a very fine B4C powder particle size (average particle size is typically between 10 and 15
microns, compared to over 100 microns for B4C in Boral), a smaller efficacy penalty (90% 10B
credit) is more appropriate for METAMICO in the criticality analyses. Further discussion on the
appropriateness of 90% 10B credit for METAMIC` and the tests specified to meet the intent of
NUREG/CR-5661 are provided in Section 1.2 and 9.1 of the FSAR, respectively.

With 90% ' 0B credit, the required B4C weight percentage for METAMIC is nominally 31% with
the same neutron absorber panel thickness (including the tolerance in the as-manufactured
panel) as the Boral panels presently being used in the Holtec's MPCs. With a target B4C
content of 31 wt.% for METAMICO, a maximum of 32.5 wt% B4C has been added to the
proposed CoC for this material, as requested in the RAI question. The 1.5% above the nominal
31% wt% value ensures the as-fabricated material will be in general agreement with the EPRI
testing work such that the results remain applicable, while allowing a reasonable range needed
for the practicalities of fabrication. A lower B4C value is not proposed for the CoC because the
minimum B4C content in the material is driven by the CoC requirement on minimum 1'B areal
density and the thickness of the panel.

METAMIC* Data for Holtec MPCs

MPC Type Min. B-10 areal Required Weight Percent of B4C and
density required Reference METAMIC9 Panel Thickness

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

MPC-24 0.020 27.6 31 37.2 0.075

MPC-68, - 0.0279 27.6 31 37.4 0.104
68FF, -32, -
32F, -24E,
and -24EF
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References:

[2-6.1l "Qualification for METAMIC for Spent Fuel Storage Applications, EPRI Report 1003137,
October 2001.

[2-6.21 "METAMIC° 6061+40% Boron Carbide Metal Matrix Composite Test, California
Consolidated Tech. Inc. Report dated August 21, 2001 to NAC International.

12-6.3] Safety Evaluation by the Office of Nuclear Reactor Regulation Related to Holtec Report
HI-2022871 Regarding Use of METAMCe in Fuel Pool Applications," Facility Operating
License Nos. DPR51 and NPF-6, Entergy Operations, Inc., Docket Nos. 50-313 and 50-
368, USNRC, June 2003.

Question 2-7

State whether'or not damaged fuel assemblies will also include assemblies with Burnable
Poison Rod Assemblies (BPRAs), thoria rods or similar control elements that may themselves
be damaged.

If damaged control elements are to be included, provide a discussion of the potential chemical,
galvanic, or corrosion reactions that might occur between the cask, contents, and the materials
contained within the damaged control assembly cladding.

This information is necessary to comply with the requirements of 72.236(a).

Response 2-7

Damaged non-fuel hardware is permitted to be stored In the MPC because no credit is taken for
their reactivity control features (neutron absorption) in the dry storage criticality analyses. The
materials used in the design of the non-fuel hardware defined in the FSAR do not pose a
significant threat of galvanic or chemical reaction through interaction with the MPC cavity
materials or environment during wet loading operations or long-term dry storage operation, as
described below.

If control or poison rod components containing B4C were to be in a damaged state resulting in
the potential exposure of the boron carbide to the MPC cavity environment, then chemical and
galvanic reactions are not expected because B4C is an extremely stable and inert chemical
compound. The known chemical characteristics of B4C indicate that it is a non-metallic,
electrically neutral material that will, therefore, not result in any galvanic or chemical Interaction
in the short-term water, or long-term helium environments inside the MPC. Likewise, some
burnable poison rods are constructed with a stable, boron-based compound such as borosilicate
glass, clad with stainless steel. No significant adverse galvanic or chemical reactions are
anticipated in wet or dry conditions if the borosilicate glass were to be exposed because it also
is a non-metallic, electrically neutral material. Guide tube hardware (e.g., thimble plug devices
and water displacement guide tube plugs) are fabricated of solid stainless steel, a material
known to be resistant to any significant galvanic or chemical reactions in water or helium.

If damaged silver-indium-cadmium (Ag-In-Cd) control elements were to expose the poison
material in side to the MPC internal environment, no chemical interaction would be expected
unless internal temperatures were high enough to result in the melting of the alloy. The Ag-In-
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Cd material is designed for service in fuel assemblies during reactor operations, where
temperatures are in the same range as those experienced by the hardware in storage.
Therefore, no melting of the alloy and no adverse chemical reactions is expected. Since the
elements in the Ag-In-Cd control elements differ significantly in their position in the
electromotive series of elements compared to steels, galvanic interaction may be possible but is
unlikely. Galvanic corrosion requires the presence of a electrically conductive medium between
the dissimilar elements that would not exist during storage in the MPC (helium filled). Any
possible galvanic interaction could only occur during the short time period when the cask is
flooded during loading operations (up to approximately 4 days). This time frame is sufficiently
short to render any reaction as insignificant. Thereafter, the system is dry and filled with an inert
gas (helium) and galvanic interaction cannot occur.

Storage of thoria rods in the TN-designed thoria rod canister was previously approved under
Amendment 1 to the CoC. There is only one Dresden Unit 1 thoria rod canister authorized for
storage in the HI-STORM 100 System. The thoria rod canister is made entirely of Type 304
stainless steel. FSAR Table 2.1.12 has been revised to add the canister material. Thoria
(thorium oxide, similar to uranium dioxide) is a stable, inert material that will not result in any
galvanic or chemical reactions in the MPC.
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Chapter 3: Structural Evaluation

None.

Chapter 4: Thermal Evaluation

Question 4-1

Provide the design basis decay heat generation for both Pressurized Water Reactor (PWR) and
Boiling Water Reactor (BWR) fuel assemblies for long term normal storage In the FSAR.

This Information is not provided in Table 2.1.6 as the FSAR states but is merely a reference to
information cited in the NRC CoC.

This information is needed to assure compliance with 10 CFR 72.236(f).

Response 4-1

The total design basis decay heat generation for all the PWR MPCs is 38 KW and the BWR
MPCs is 35.5 KW. This information is provided In Table 4.4.39 of the FSAR. The footnotes on
Table 2.0.1 have been modified to eliminate the reference to the CoC. The maximum allowed
heat load per assembly for uniform loading of the MPC for both the Pressurized Water Reactor
(PWR) and Boiling Water Reactor (BWR) fuel assemblies are provided in section 2.1.9.1 in
Table 2.1.26. Table 2.1.6 has been deleted.

Question 4-2

Provide the correct reference for the MPC Helium backfill pressure limits.

Page 4.1-2 of the FSAR states that the MPC is backfilled -with helium up to the .design-basis
initial level specified In Table 1.2.2. However, Table 1.2.2 does not specifically include this
information. Instead Table 1.2.2 points incorrectly to Table 3-1 of Appendix A of the GoC. Table
3-2 of Appendix A to the CoC contains backfill pressure limits.

This information is needed to assure compliance with 10 CFR 72.1 1.

Response 4-2

We regret the error in referencing. Helium backfill pressure specifications are provided in table
4.4.38 in the FSAR Chapter 4. The table is reproduced below for ready reference.

Table 4-2.1
MPC HELIUM BACKFILL PRESSURE SPECIFICATIONS

Item Specification

Minimum Pressure j 45.2 psig @ 700F Reference Temperature

Maximum Pressure j 48.8 psig @ 700F Reference Temperature
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Question 4-3

Explain why the FSAR makes reference to deleted Table 4.3-7.

This information is needed to assure compliance with 10 CFR 72.11.

Response 4-3

We regret the reference to Table 4.3.7, which should have been Table 4.3.1. The fuel cladding
temperature limits used in the analyses are also discussed in Sections 4.0 and 4.1 of the FSAR.

Question 4-4

Clarify how the Holtec thermal model was used in Reference 4.1.3 of the FSAR.

Page 4.1-6 of the FSAR states that in reference 4.1.3, the Holtec thermal model is shown to
over predict the measured fuel cladding temperature by a modest amount for every test set,
giving the impression that Holtec models were used in the calculations performed in the
referenced document 4.1.3 of the FSAR.

This information is needed to assure compliance with 10 CFR 72.236(f).

Response 4-4

Reference 4.1.3 did not use the Holtec HI-STORM thermal models in their studies. Holtec
International analyzed the full size cask test data reported in Reference 4.1.3 of the FSAR using
the thermal modeling methodology applied to the Holtec HI-STORM system. Results from the
Holtec thermal model for the cask design in Reference 4.1.3 show that the predicted fuel
cladding temperatures bound the measured fuel cladding temperatures provided in the
Reference 4.1.3. These comparisons are documented in a Holtec report ("Topical Report on the
HI-STAR/HI-STORM Thermal Model and Its Benchmarking with Full-Size Cask Test Data",
Holtec Report HI-992252, Rev. 1). The text in the FSAR has been modified to clarify this matter.

Question 4-5

Provide temperature-dependent material properties that bound all component temperatures
predicted for normal, off-normal, and accident conditions.

The material properties listed in Table 4.2.2 do not provide accurate values for materials that
exceed 7000F.

This information is needed to assure compliance with 10 CFR 72.236(f).

Response 4-5

The material properties presented in the FSAR have been previously reviewed and approved by
the NRC. No changes are proposed in this amendment request. Under normal conditions, the
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highest reported temperature for material properties In Table 4.2.2 (7000F) is fairly close to the
highest temperatures reached In the HI-STORM System. We present the highest reported
temperatures from FSAR Tables 4.4.9, 4.4.10 and 4.4.26 (for HI-STORM) and Table 4.5.2 (for
HI-TRAC) below:

Table 4-5.1
Maximum Calculated Temperatures for Normal Conditions

Material Max. Temperature [OF] Max. Temperature [OF] Max. Temperature [IF]
(HI-STORM PWR (HI-STORM BWR MPCs) (HI-TRAC MPCs)

MPCs). _

Cladding 688 731 745
Basket 633 - 706 728

For those conditions, where the temperatures are modestly above 700'F, property
extrapolations from tabulated data are permitted because the properties changes are gradual
and are reasonably expected to follow the trends without abrupt changes.

In accident evaluations, temperature excursions much above 7000F are reported within the fuel
basket (up to 9530F, FSAR Table 11.2.9) for an all-ducts blocked scenario. For this evaluation
fuel basket heat transfer characteristics obtained using properties up to 7OOoF are extrapolated
using low order polynomials (up to second order) in the 700 - 1000 'F range. This approach is
conservative because the fuel basket heat transfer characteristics in this temperature range are
dominated by radiation heat transfer, which Increases as the fourth power of temperature. In
other words the use of a low order polynomial Ignores higher-than-second-order contributions to
heat transfer in the fuel basket.

Question 4-6

Update the calculation of regional effective thermal conductivities (fuel, basket, etc.) by adding
more data sets to the calculation compared to the reported values (200,450, and 700'F).

The limited number of data sets may not adequately represent the actual dependency of
thermal conductivity on temperature, especially for the case of the fuel regions where highly
non-linear behavior is expected. This behavior of the temperature-dependent thermal
conductivity is not apparent from the data given in Table 4A.3 of the FSAR.

This information is needed to assure compliance with 10 CFR 72.236(f).

Response 4-6

The calculation of effective region conductivities at only three temperature points has been
previously approved by the NRC. No changes are proposed with this amendment request.
Nevertheless, to be responsive to the staff request we herein provide the results from additional
evaluations that validate the three point approach used in the FSAR.

We first consider the temperature dependence of the individual material thermal conductivities.
The average of the upper and lower temperature bounds presented in the FSAR (2000F and
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7000F, respectively) is dose to the mid-range temperature (4500F) value. For a perfectly linear
behavior, the thermal conductivity at 4501F would exactly equal the average of the thermal
conductivities at 2000F and 7000F. We compared the conductivity values at 4500F with the
average of the values at 200OF and 7000F for representative materials listed in Table 4.2.2. The
following table presents such a comparison.

Table 4-6.1
Thermal Conductivities of Varies Materials in the HI-STORM System

Material Thermal Average of Percentage
Conductivity at Conductivites at Uncertainty from

4500 F (Btulhr-ft- F) 200OF and 7000 F Perfect Linearity
(Btulhr-ft-0F)

Helium 0.1289 0.1276 1.02%
Air 0.0225 0.0223 0.90%
Alloy X 9.8 9.7 1.03%
Carbon Steel 23.9 23.4 2.14%
Lead 17.9 18.15 1.40%

These results indicate that all of the materials listed in FSAR Table 4.2.2 exhibit near-linear
thermal conductivity behavior.

Second, we examined the results of the evaluations presented in the FSAR, which show near-
linear behavior of effective thermal properties of principal MPC components - fuel and fuel
basket. As shown in Figures 4-6.1 through 4-6.6 provided herein with the RAI responses, which
use values from Tables 4.4.1 through 4.4.3 of the HI-STORM FSAR, the fuel assembly and fuel
basket effective planar thermal conductivity versus temperature trends show near linear
behavior. Each of these figures shows a best-fit line through the data points.

Based on these considerations, we concluded that the temperature dependence of the thermal
conductivities in the FSAR was nearly linear and that three data points were sufficient to capture
the behavior. To further demonstrate the accuracy of our calculations, we have performed
calculations to determine the planar thermal conductivity of an MPC-32 fuel basket at a
temperature of 5750F, which straddles two temperature points (4500F and 7000F) used in the
interpolation. The following table presents the results of this study.
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Table 4-62:
Planar Conductivity of MPC-32 Fuel Basket

Effective Planar Thermal Percentage Uncertainty
Conductivity at 5750 F from Explicitly Calculated
[BtuI(hr-ft-0F)) Value

Explicitly Calculated 1.364 -NA
Obtained from Second 0.07%
Order Polynomial fit to 1.363
SAR Data Points --- _ _X_ _

Obtained from Linear 1.04%
Interpolation between SAR 1.350
Data Points -

The explicitly calculated value is also compared to one obtained by linear interpolation between
the 450 0F and 700 0F data points. This Is included to show the near-inear temperature
dependence of the fuel basket effective planar thermal conductivity, demonstrated by the good
agreement between these two values.

Based on these considerations, it can be concluded that the thermal conductivity behavior of the
individual materials, the fuel assemblies and the loaded fuel baskets are approximately linear
and that the use of three points to generate a best-fit polynomial function for effective planar
thermal conductivity versus temperature yields accurate results.

To summarize, the explicitly calculated value is nearly identical to that obtained using a best-fit
second-order polynomial generated from the three data points reported in the FSAR. Such an
agreement demonstrates that the use of three data points to generate a best-fit polynomial,
used in the FLUENT models of the HI-STORM System, is accurate.

Question 4-7

Clarify which fuel assemblies are -the bounding configurations for analysis at design basis
maximum heat loads.

The FSAR states that the W-17x17 OFA PWR and GE11- 9x9 BWR fuel assemblies are
determined to be the bounding configurations for analysis at design basis maximum heat loads.
However, the Information presented in Table 2.1.5 of the FSAR does not agree with the above
statement.

This information is needed to assure compliance with 10 CFR 72.1 1.

Response 4-7

The HI-STORM thermal analysis uses a Design Basis Fuel (DBF) assembly which is an artificial
construct to bound the conduction and flow resistance characteristics of fuel assemblies of its
class (PWR or BWR) proposed for storage. As a result there is no single fuel assembly type that
would have all of the bounding characteristics of the DBF. Rather certain fuel types tabulated
below would equal some characteristics of the DBF and for the bulk of the fuel population, all of
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the characteristics would be bounded with a margin. The bounding fuel assemblies for individual
fuel characteristics are:

Table 4-7.1
Bounding Fuel Assembly Types

Bounding BWR Fuel Bounding PWR FuelCharacteristic Assembly Assembly

Planar Thermal Conductivity GE-1 9x9 W W 17x17 OFA
Axial Thermal Conductivity GE 7x7 W 14x14 OFA
MPC Density and Heat Capacity GE 7x7 W 14x14 OFA
Axial Flow Resistance GE-12114 10x10 B&W 15x15

FSAR Section 2.1.6 and Table 2.1.5 in Chapter 2 and FSAR Section 4.4 in Chapter 4 have
been modified to include the information provided above.

Question 4-8

Provide the specific references where the MPC isotropic conductivities have been
benchmarked.

The FSAR states that a formulation of isotropic thermal conductivities, based on a root mean
squared (RMS) function of the planar and axial thermal conductivity, has been benchmarked but
the references or details of this benchmarking are not provided in the FSAR.

This information is needed to assure compliance with 10 CFR 72.236(f).

Response 4-8

The Square Root of Mean Sum of Squares (SRMSS) formulation for MPC basket conductivities
is benchmarked in the following Holtec Report:

'Effective property evaluations of HI-STAR 100 and HI-STORM Dry Cask System Multi-
Purpose Canisters', Report HI-971788, Rev. 10, Appendix C - Equivalent Isotropic
Effective Thermal Conductivity Formula Proof.

A copy of this report was submitted to the NRC in May, 2003 on Docket 71-9261.

However, as discussed in the Subsection 4.4.1.1.4 of the proposed Revision 2B of the FSAR,
the version 6.1 of the FLUENT code used in recomputing the thermal response of the HI-
STORM system, permits the input of orthotropic thermal conductivities for the MPC basket.
Therefore, the recourse to the SRMSS approach is no longer necessary.
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Question 4-9

Provide the definition for every term in Chapter 4s mathematical expressions. Please note
several typographical errors.

This Information is needed to assure compliance with 10 CFR 72.11.

Response 4-9

Definitions for all term In the equations and mathematical expressions used In Chapter 4 are
provided in the FSAR. The typographical errors have been corrected.

Question 4-10

Correct the symbol used to define fuel age for Inner region of regionalized thermal loading.

The FSAR states Incorrectly that fuel age for Inner region is represented by T [Tau]. T, is the
appropriate nomenclature.

This information is needed to assure compliance with 10 CFR 72.11.

Response 4-1 0

Reference to the -fuel age is no longer necessary to follow the description of regionalized
loading. In proposed Revision 2B of the FSAR, this term Is deleted.

Question 4-11

Correct the expression used to represent the outer region heat load.

The FSAR incorrectly states that Q2, the outer region heat load equals Njq1.

This information is needed to assure compliance with 10 CFR 72.1 1.

Response 4-11

The text in the FSAR has been corrected to state that the outer region heat load equals N2q2.

Question 4-12

Clarify why Reference 4.3.2, which is addressed in different Sections of the FSAR, has been
deleted from the list of references.

This information is needed to assure compliance with 10 CFR 72.11.
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Response 4-12

The reference 4.3.2 was cited in section 4.4.1.1.10 of the proposed revision 2A of the FSAR.
This section has been deleted in the proposed revision 2B of the FSAR and therefore the
reference is no longer required. This reference has been deleted from the list of References.

Question 4-13

Provide the maximum temperatures for neutron absorber and MPC pressure boundary
materials.

The FSAR states that the maximum temperatures of the neutron absorber and MPC pressure
boundary materials are below their design temperature and ASME code limits. However, the
maximum temperatures for neutron absorber and MPC pressure boundary materials are not
provided in the FSAR.

This information is needed to assure compliance with 10 CFR 72.236(f).

Response 4-13

The maximum temperatures for the MPC basket materials and the MPC pressure boundary are
provided in Tables 4.4.9, 4.4.10 and 4.4.26 of the FSAR. The neutron absorber, as illustrated in
Figure 4.4.7 of the FSAR is sandwiched in a Box wall-to-sheathing pocket. For this reason the
neutron absorber and fuel basket temperatures are essentially the same. A footnote is added to
these tables to state that the maximum neutron absorber temperature is essentially the same as
the reported maximum MPC basket temperature. The predicted temperatures are below the
design temperatures limits for the neutron absorber material.

Question 4-14

Provide additional justification why the flow resistance factors employed to simulate flow through
MPC 3-D continuum are conservative and bounding.

This information is needed to assure compliance with 10 CFR 72.236(f).

Response 4-14

The flow resistance factors used to simulate the loaded MPC fuel basket bound the actual
resistance as the result of conservative assumptions made with respect to fuel basket and fuel
assembly geometry, flow regime, and the effects of localized constrictions. Each of the
conservative assumptions is discussed below which, in aggregate, yield conservative and
bounding flow resistances factors.

Conservative Assumption 1 - Fuel Storage Cell Open Area

The key fuel basket geometry input value is the fuel storage cell open area. The fuel assembly
components subtract from this area, so a conservative cell area will yield a conservative flow
resistance.
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All PWR fuel basket flow resistance calculations use a fuel storage cell inner dimension of 8.75
Inches. The following table compares the assumed and actual PWR fuel basket storage cell
inner dimensions.

Table 4-14.1
Comparison of PWR Fuel Basket Storage Cell Dimensions

MPC Designation Assumed Fuel Cell Actual Fuel Cell Cell Free Area
Inner Dimension Inner Dimension Conservatism'

MPC-24 8.75- 8.92T 3.9%
MPC-24E j 8.75' 20 at 8.75' 1.2%

4 at 9.050
MPC-32 8.75" 8.79" 0.9%

In addition, for the MPC-24 and MPC-24E only, the flow area that exists in the inter-cell flux
traps is completely neglected. This conservatively neglects on the order of 20% of the total fuel
basket flow area.

The MPC-68 flow resistance calculations assume that all flow is within the channel of a fuel
assembly so equipped, even though the configuration of the bottom mouse holes and the cell
area permit flow around the channel as well. This conservatively neglects on the order of 30% of
the total flow area.

Conservative Assumption 2 - Mouse holes Flow Area

The mouse holes at the bottom and top of the fuel baskets are elongated semicircular holes,
which can be thought of as semicircles of diameter D atop rectangular regions of width D. Only
the semicircular region, however, are credited in the flow resistance calculations. The following
table compares the assumed and actual mouse hole flow areas.

Table 4-14.2
Comparison of Mouse hole Flow Areas

MPC Designation Assumed Flow Area Actual Flow Area I Flow Area
Conservatism

BWR 2.45 in' 4.95 in' 102%
PWR 6.28 in' - -7.78 in' - 24%

Conservative Assumption 3 - Fuel Assembly Grid Strap Material Thickness

+ Percent conservatism is equal to [lOOx{(Actual Fuel Cell Dimension)2 - (Assumed Fuel Cell
Dimension)2f/(Actual Fuel Cell Dimension)2].
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The grid straps along the length of the fuel assemblies result in localized flow contractions and
subsequent expansion that increase the flow resistance. All such straps are assumed to be
0.05w thick. Actual straps are typically 0.035' thick or less for PWR fuel assemblies and 0.040
thick for BWR fuel assembles. This assumption results in conservative grid strap region
porosities on the order of 8% for BWR fuel and 12% for PWR fuel.

Conservative Assumption 4 - Laminar Flow

The flow is assumed to be laminar for all conditions. For a flow of any given average velocity, a
laminar flow will yields a higher pressure drop and, therefore, a higher flow resistance.

Conservative Assumption 5 - Bounding Expansion and Contraction Factors

In the flow resistance calculations, the contraction into and the expansion out of a grid strap is
expressed in terms of a non-dimensional loss factor, often referred to as a K factor. The value of
the K factor for a contraction or an expansion is a function of the area ratio. In the limit,
contraction from an infinite reservoir into a finite area or expanding from a finite area into an
infinite reservoir, the K-factors are 0.5 for contraction and 1.0 for expansion. The total K-factor
used for the grid straps is the sum of these bounding values, or 1.5.

Question 4-15

Show that for a given decay heat capacity, the uniform fuel loading represents the bounding
case in terms of cask thermal response. Clarify also if there is a maximum allowable value for
the decay heat per fuel assembly in Region 1, for regionalized fuel loading.

This information is needed to assure compliance with 10 CFR 72.236(f).

Response 4-15

In proposed Revision 2B the HI-STORM FSAR, a comprehensive array of thermal analyses
were undertaken to characterize the peak cladding temperature for uniform and regionalized
loading scenarios. The results are plotted in Figures 4.4.33 through 4.4.35 in the HI-STORM
FSAR for the PWR and BWR MPCs. In all cases, the peak cladding temperatures are below the
ISG-1 I limit of 400'C by varying margins.

Under regionalized storage scenarios, there is no single value for maximum heat load per fuel
assembly. Rather, as discussed in Subsection 2.1.9 of the FSAR, the permissible heat loads for
the two regions are a function of a user selectable parameter X which is defined as the ratio of
inner to outer region assembly heat loads. A method to compute the permissible heat loads in
Regions 1 and 2 is provided in subsection 2.1.9. For all permissible values of OX", the computed
peak cladding temperature is below 4000C (X=1 represents the uniform or single region
storage).
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Question 4-16

Provide additional Justification In the FSAR why after Forced Helium Dehydration (FHD) failure,
the forced convection state will degenerate to natural convection corresponding to normal
storage conditions.

The FSAR states that failure of the FHD will result In temperatures similar to normal storage
even though limited ventilation exists for loading operations compared to normal storage.

This information Is needed to assure compliance with 10 CFR 72.236(f).

Response 4-16

The HI-TRAC Is provided with a connection at the bottom to introduce either air or water (utilities
available at all power plants) through the annulus for MPC cooling via forced ventilation or water
circulation. During the operation, the MPC FHD system is also connected to compressed helium
bottles, which can be used to raise MPC pressure and accelerate natural convection cooling of
the stored fuel. These hardware provisions ensure adequate fuel cooling under a postulated
FHD failure.

Question 4-17

Provide the calculated maximum cladding hoop stress, or suitable reference from the FSARK for
Conditions 5 and 6 of Table 4.5.11.

Table 4.5.11 of the FSAR states that hoop stress compliance is required for Conditions 5 and 6.

This Information is needed to assure compliance with 10 CFR 72.236(f).

Response 4-17

The cladding hoop stress Is a function of the internal pressure and cladding's radius-to-
thickness ratio. The FSAR includes these conditions for a cask user to ontional[y make a site-
specific estimate of the hoop stress using fuel specific data to permit a less restrictive clad
temperature limit (570 0C) during fuel drying in MPC loading operations and on-site transfer in a
HI-TRAC cask. This option is available for Moderate Burnup Fuel only. A methodology for
computing cladding stress Is set forth in Section 4.5.2 of the FSAR. The calculation is required
to meet the 90 MPa dad stress criterion.

Question 4-18'

Provide the calculated maximum cladding hoop stress, or suitable reference from the FSAR, for
Conditions 7 and 10 of Table 4.5.12.

Table'4.5.12 of the FSAR states that hoop stress compliance is required for Conditions 7 and
10.

This information is needed to assure compliance with 10 CFR 72.236(f).
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Response 4-18

Please refer to the response to RAI 4-17.

Question 4-19

Clarify why the time limit for temperature limit compliance is the same for Conditions 2 and 6
(HI-TRAC horizontal orientation) and Condition 4 and 9 (HI-TRAC vertical orientation) of Table
4.5.12 of the FSAR, given the fact that horizontal orientation is more limiting in terms of heat
rejection capabilities.

This information is needed to assure compliance with 10 CFR 72.236(f).

Response 4-19

The reviewer is correct in that horizontal orientation is more limiting in terms of heat rejection
capabilities. For establishing a lowerbound time limit for the referenced conditions, in proposed
revision 2A, certain overarching conservatisms were made in the analysis. As a result, the
calculated time is less than what would be computed for horizontal (and, of course, vertical)
orientation. These were: (i) convection heat transfer inside the MPC is ignored, (ii) heat
dissipation from cask is neglected. Stated differently, the cask (in either horizontal or vertical
orientation) was assumed to heatup in an adiabatic manner and the time to reach the
temperature limit (4000C) was computed.

In proposed revision 2B, thermosiphon cooling of the MPC in the vertical orientation has been
recognized. Threshold heat load limits have been determined for both the horizontal and vertical
orientation of the HI-TRAC, which meets the ISG-1 I peak cladding temperature of 400 "C. For
scenarios where the HI-TRAC has to handle a greater than threshold heat load (provided in
Table 4.5.12 for both vertical and horizontal orientation), supplemental cooling of the annulus
between the MPC and the HI-TRAC is specified as a mandatory requirement. The supplemental
cooling requirement is discussed in Subsection 4.5.6 of the FSAR.

Question 4-20

Clarify what is the bounding scenario for on-site transport in the HI-TRAC transfer cask.

The FSAR states that maximum fuel clad temperatures are listed in Table 4.5.2 for a limiting
case for on-site transfer. According to Tables 4.5.2 and 4.5.12 of the FSAR, a maximum
cladding temperature of 712'F (378°C) is obtained. However, maximum cladding temperatures
for Conditions 2, 4, 6, and 9 (which may be higher than Condition 3) are not provided.

This information is needed to assure compliance with 10 CFR 72.236(f).

Response 4-20

The bounding scenario is one for which the highest cladding temperature is obtained during HI-
TRAC on-site transport operations. The fuel cladding temperatures for HI-TRAC on-site
transport operations are provided in Table 4.5.12 of the FSAR. The limiting scenarios are
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Conditions 3 and 7 listed in this table. The results of HI-TRAC temperatures for these conditions
are provided in Table 4.5.2 of the FSAR.

Question 4-21

Provide a bounding analysis for MPC cool down and reflooding for refueling operations.

The FSAR states that because the optimal method for MPC cool down is heavily dependent on
the location and availability of utilities at a particular nuclear plant, mandating a specific cool
down method cannot be prescribed in the FSAR. Typically, a cask user would use the design
basis analysis provided by the CoC holder without re-analyzing any -event that is already
covered in the cask CoC.

This information is needed to assure compliance with 10 CFR 72.236(f).

Response 4-21

An analysis for MPC cool down and reflooding for fuel unloading operations Is revised with the
assumption of an MPC loaded with fuel assemblies at the design basis maximum heat load of
38 KW. The analysis is provided in Subsection 4.5.7 of the FSAR.

Question 4-22

Provide the thermal analysis for the HI-TRAC located in a dry cylindrical pit with a maximum
decay heat capacity of 40 kW. Provide also additional measures needed to ensure fuel
cladding temperature remains below the allowable Interim Staff Guidance (ISG) 11 temperature
limit of 752'F (400'C).

The analysis performed for this scenario uses a decay heat load <40kW. It is not clear from the
information provided in the FSAR If this scenario using a decay heat load of 40kW would be
bounded by design basis thermal conditions.

This information Is needed to assure compliance with 10 CFR 72.236(f).

Response 4-22

The option to locate a HI-TRAC in a dry cylindrical pit with has been removed from the FSAR.
The text in FSAR Subsection 4.5.7 has been modified to reflect this change.

Question 4-23

Provide the pressure analysis results for short-term conditions, or suitable reference from the
FSAR.

The FSAR states that corresponding MPC internal pressure evaluation shows that the MPC
confinement boundary remains well below the short-term condition design pressure but the
analysis results are not provided.
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This information is needed to assure compliance with 10 CFR 72.236(f).

Response 4-23

The bounding on-site transport condition MPC cavity pressure (MPC-68) is provided below.

| Maximum Initial Fill Pressure { 70 F (psia) (See response to RAI 42) | 63.5]
MPC-68 Average Cavity Temperature (K) 565.42
MPC Helium Pressure (psia) 122.1

The initial fill pressure in the above table is equal to the maximum permissible backfill pressure
of 48.8 psig (or 63.5 psia). The MPC enclosure vessel pressure remains below the short-term
condition design pressure limit of 124.7 psia (see FSAR Table 2.2.1).

Question 4-24

Clarify how the normal handling and onsite transfer evaluation establishes compliance with the
provisions of ISG-1 1.

It is not clear if the thermal analysis presented in the FSAR shows complete compliance with
ISG-1 I (i.e., applicable thermal cycling analysis along with calculated temperature differences).

This information is needed to assure compliance with 10 CFR 72.236(f).

Response 4-24

In addition to placing a limit of 4000C on the peak cladding temperature under MPC loading and
normal storage conditions, the ISG-1I Rev. 2 also specifies that the amplitude of temperature
cycling of the fuel cladding be less than 65oC. The 650C thermal transient amplitude limit is
applicable only to high bumup fuel (HBF) and is presumably imposed to protect the relatively
non-ductile cladding from excessive thermal strain due to large amplitude temperature
transients. The above restriction on the cladding thermal cycling amplitude is observed in the
HI-STORM system by forbidding the use of vacuum drying and by mandating the use of Forced
Helium Dehydration (FHD) for HBF. Intrinsic to the FHD process is the fact that the fuel cladding
temperature will rise gradually from the in-pool temperature (usually below 1500F) to about
5000F (2600C). This temperature rise, quite obviously in the non-hydride radicalizing
temperature range, will occur gradually as the FHD system vaporizes the water in the canister
and rejects it in the demoisturizer module. Upon completion of fuel drying, backfilling of helium
and closure of the MPC ports, the threat of subjecting the cladding to a thermal transient is
eliminated because the results of any sudden ambient temperature change is smoothened by
the large thermal inertia of the MPC. Thus, mandating of the FHD method for MPC cavity drying
for HBF eliminates a causative mechanism to induce a significant thermal transient (amplitude 2
650C) on the fuel cladding.



U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Document ID 5014490
Attachment I
Page 25 of 75

Question 4-25

Clarify how the ISG-11 temperature limit requirement of 400'C is demonstrated for all fuel
loading and short term operations.

The FSAR states that ISG-1 I requirements to ensure that maximum cladding temperature
under all fuel loading and short term operations be below 400'C is demonstrated in Section
4.5. Analyses results are presented In the FSAR for short term operations where a maximum
cladding temperature limit of 570°C and hoop stress compliance Is required.

This Information is needed to assure compliance with 10 CFR 72.236(f).

Response 4-25

As stated in Section 4.1 of the FSAR, for moderate bumup fuel (MBF), additional latitude in the
permissible temperature limits is provided for fuel loading, specifically during vacuum drying of
the MPC. The FSAR has proposed that the permissible cladding temperature for MBF be
governed by the following two criteria:

a. The maximum estimated cladding hoop stress (a,) during fuel loading does not
exceed 90 MPa.

b. The maximum computed cladding temperature during fuel loading does not
exceed 5700C.

For MBF that does not muster compliance with the aforementioned c,. criterion (a), the more
restrictive ISG-1 1, Rev. 2 temperature limit (4000C) will apply.

Because the cladding stress Is a function of the cladding thickness (and hence a function of the
extent of cladding corrosion), the estimation of the cladding stress, of necessity, must be fuel-
specific. A user of the HI-STORM system is permitted to meet the less restrictive criteria if fuel
batch-specific analysis using the methodology presented in this FSAR is performed to establish
compliance with the two foregoing criteria. To cover the entire range of fuel loading and on-site
transfer scenarios, Section 4.5 of the FSAR contains a treatment of cases covered by the 4000C
and 5700C temperature limits.

For all other normal storage and short-term operations, proposed Revision 2B of the FSAR
limits the peak cladding temperature to 4000C for all SNF.

Question 4-26

Provide a realistic evaluation of the conservatisms included in the HI-STORM 100 thermal
model.

Appendix 4.B of the FSAR provides a general description of the conservatisms embedded in the
HI-STORM 100 thermal analysis and how these conservatisms influence the computed
maximum fuel cladding temperature. A realistic evaluation may be necessary because of the
requested decay heat capacity and the applicant's calculated peak cladding temperatures.
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This information is needed to assure compliance with 10 CFR 72.236(f).

Response 4-26

The numerous elements of conservatism in the HI-STORM thermal model are enumerated in
Section 4.6 of the FSAR and further elaborated in Appendix 4.B. However, among the array of
conservatisms, we have identified a potential non-conservatism that pertains to the assumption
of the MPC axial surface temperature profile used in the two-step solution wherein the MPC and
the annulus thermal models were solved separately with the MPC's outer surface temperature
serving as the common interface (boundary) condition. We have determined that the linear
temperature profile assumed for the interface becomes somewhat non-conservative at higher
helium pressures (in the order of 7 atmospheres). A high helium internal pressure produces a
vigorous thermosiphon action, resulting in a sharper rate of rise of MPC shell temperature near
the top of the canister, negating the liner temperature profile assumption).

The two-step solution, an analysis palliative made necessary by the older version of FLUENT, is
no longer a limitation in FLUENT Version 6.1, which we have successfully QA-validated in the
past six months. In this latest version of FLUENT, the HI-STORM thermal problem is solved in
one step, i.e., no a priori assumption of the MPC shell surface temperature profile is required.
To eliminate the sole source of a potential non-conservatism, all thermal analyses reported in
Chapters 4 and 11 of the FSAR have been rerun using FLUENT Version 6.1 and the reported
results have been accordingly revised. The textual matter in Chapter 4 has also been enhanced
to improve readability. Furthermore, to provide a complete information base, a new Calculation
Package that contains all the analyses summarized in the FSAR has been prepared. This new
Calculation Package, along with a CD containing typical input and output files will be forwarded
to the SFPO within a week's time.

As the revised text in Chapter 4 on the thermal model states, a number of conservative
assumptions in the thermal model continue to render the computed solutions conservative. To
illustrate the effect of removing a major assumption, namely, over-specification of the resistance
to the flow of helium by the stored fuel assembly, the case of MPC-68 was rerun with flow
resistance data provided by the General Electric Company (Also see response to RAI 4-14).
The operating helium pressure was also set at the nominal value (105 psi (min.) + 4%). The
result of the calculation (documented in the Calculation Package) show that the peak cladding
temperature is reduced by 680F from the design basis computed value reported in the FSAR
(Table 4.4.10). The effect of other assumptions listed in Section 4.4.6 is likely to be more
modest, but the fact that their removal will result in an even lower peak cladding temperature is
evident from their nature (such as increasing the thermal conductivity of the HI-STORM
concrete to a realistic value will evidently cause enhanced heat rejection from HI-STORM and
consequently, a lower peak cladding).
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Chapter 5 - Shielding Evaluation

Question 5-1

Justify the reason for eliminating As Low As Reasonably Achievable (ALARA) design objective
dose rates for the HI-STORM. Clarify how the proposed design satisfies the requirements of 10
CFR 72.104(b).

The amendment results in significant increases in dose rates for both the transfer cask and
storage overpack, but does not specify what upper-bound dose rates are considered to be
ALARA and that can be practicably used by general licensees.

This information regarding the source term and shielding analysis is needed to determine
compliance with 10 CFR 72.236(d).

Response 5-1

The design objective dose rate values were removed in the LAR because as the allowable
decay heat loads increased, the dose rates increased correspondingly and rather than increase
the design objective dose rates, the text was altered to discuss the fact that there is no single
dose rate limit for the surface of a dry storage cask in 10 CFR 72. Based on previous loading
campaigns, it is clear that the occupational dose is considerably reduced with increasing
experience. It Is also true that the licensees are well versed in dealing with activities involving
high radiation levels. Therefore, the licensees are In a far better position to determine what the
acceptable levels of radiation are during loading campaigns in accordance with ALARA and
their radiation protection program.

However, it is recognized that the cask manufacturer also has a responsibility to design a
system that reduces dose to the largest extent practical within specific design constraints (e.g.
crane capacity, ISFSI layout, etc.). Therefore, the design objective dose rates have been
restored in FSAR Sections 5.1.1 and 2.3.5.2 with the values updated corresponding to the
requested heat loads.

Question 5-2

Justify the bumup and cooling time analogy that explains why MPC-24 vent doses are used to
represent the higher vent dose rates from the MPC-32.

The dose rates on the side of the overpack appear to be relatively the same according to Tables
5.1.1 and 5.1.2 for both configurations. It also appears that the proposed contents are
structured to result In the same heat load in both the MPG-24 and MPC-32. Forexample, both
configurations employ the same equation for allowable bumup for regionalized contents, and
the outer periphery fuel cells could be loaded with the same total heat load (i.e., 20 kW) in both
configurations.

This information regarding the source term and shielding analysis is needed to determine
compliance with 10 CFR 72.236 (d).
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Response 5-2

The MPC-24 was used as the design basis MPC for the cask array dose analysis in both
Revision 0 and Revision 1 of the FSAR. In this LAR, the MPC-24 continued to be used in the
array analysis even though the cask with the MPC-32 has a slightly higher dose rate at the
vents. This is acceptable because the vents are a small fraction of the radial surface area. As
such, the dominant effect on the dose at distance is the radial portion of the overpack between
the vents, which comprises approximately 91% of the total radial surface area compared to
approximately 1.3% for the vents. The MPC-24 has higher dose rates at the mid-plane than the
MPC-32, therefore this larger dose rate over a larger area will offset the slight increase that the
MPC-32 experiences at the ventilation ducts and provides a bounding case. FSAR Section 5.1.1
of the SAR has been modified as a result of this response.

Question 5-3

Clarify the reason for not including BPRA contribution in the off-site dose estimates. Specify
how a general licensee should incorporate BPRA contributions in its site-specific evaluations
under 10 CFR 72.212.

This information regarding the source term and shielding analysis is needed to determine
compliance with 10 CFR 72.236 (d).

Response 5-3

The BPRA contribution was not included in the offsite dose rate estimate because the fuel
bumup and cooling times used in the analysis are higher than the bumups and cooling times
permitted by the CoC. The increase in dose rate due to using a bumup-cooling time
combination higher than the allowable combination was sufficient to offset the increase in dose
rate that would be seen from the inclusion of BPRAs with the lower burnup and cooling time
combination permitted by the CoC.

In the interest of conservatism, the off-site analysis has been revised to include the contribution
of BPRAs. FSAR Section 5.1.1 has been modified to state that the general licensee should
consider the details of the fuel that is being stored and, if appropriate, include the contribution
from BPRAs in their site-specific dose analysis.

Question 5-4

Clarify whether the burnup and cooling time combination of 75,000 MDW/MTU and 6 years
bounds the combination of 74,792 MDWIMTU and 5 years, as specified in Table 2.4-1 of
proposed Appendix B.

This information regarding the source term and shielding analysis is needed to determine
compliance with 10 CFR 72.236 (d).

Response 5-4

The dose rate analysis was performed with a bounding burnup and cooling time combination of
75,000 MWDIMTU and 5 years cooling. In FSAR Tables 5.2.5, 5.2.12, and 5.2.16, the title and
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data both Incorrectly refer to a bumup and cooling time of 75,000 MWDIMTU and 6 year
cooling. We apologize for these editorial errors and we have corrected both the titles and the
data.

Question 5-5

Include an accident dose estimate assuming a constant exposure at the site-boundary that is
consistent with the recovery time for the transfer cask accident.

The staff notes that this value should serve as a regulatory basis for potential changes
performed under 10 CFR 72.48.

This information regarding the source term and shielding analysis is needed to determine
compliance with 10 CFR 72.236 (d).

Response 5-5

The accident dose rate analysis described in FSAR Section 5.1.2 has been modified to Include
the accumulated accident dose rate for a 30 day duration in addition to the current analysis.

Question 5-6

Provide the following information regarding source term estimates:

(a) Specify in Section 5.2 (numerically) the expected error in source term estimates for
actinides and fission products important to shielding (e.g., Cs-134 and Cm-244), and
source term estimates for actinides and fission products important for total decay heat
for the high bumup fuels requested in the amendment.

(b) Justify why high bumup source term uncertainties are not applied in the new shielding
and thermal analyses.

This amendment requests a significant increase in radiological and thermal source terms in
combination with removal of conservatisms in the currently approved shielding and thermal
analyses. Calculation uncertainties in the source term methodology may now have a greater
impact on doses and cask temperatures, with respect to radiological and thermal safety margins
present in the currently approved design. A sensitivity analysis may be a method to Illustrate the
effect of uncertainties on radiological and thermal safety margins.

This information regarding the source term and shielding analysis is needed to determine
compliance with 10 CFR 72.236 (d) and (f).

Response 5-6

(a) The error in the source terms calculations varies depending on the source being calculated
(i.e. neutron source, gamma source, or decay heat). The reason for the variation is that
different nuclides are important for each of the source terms. For example, Cm-244 is the
dominant nuclide for neutron source (see Response 5-8) while Cs-134 and Eu-154 are two
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of the dominant nuclides for gamma source. For the decay heat source, the importance of
nuclides also varies with bumup, cooling time, and enrichment.

These variations make it extremely difficult to estimate the error for the source terms.
Reference 5-6.1 presents a methodology for estimating the uncertainty in decay heat
calculations through a combination of uncertainty analysis and comparisons with
measurement data. An approach similar to this is used to estimate the uncertainty in the
decay heat calculations which is discussed below. Previously published comparisons of
calculations to measurements reported in References 5-6.2 through 5-6.4 were used in the
error estimation for all three source terms (i.e. neutron source, gamma source, and decay
heat).

The measurement data published in these references cover a bumup range up to 47
GWDIMTU. The data presented in those references do not indicate any significant trend
with bumup. Therefore, it is considered acceptable to use this data for the entire bumup
range requested for approval in this LAR. In this revision of the LAR, the maximum
requested bumup for PWR has been reduced from 75,000 MWDIMTU to 68,200 MWD/MTU
which is the value previously approved in Revision 1 of the CoC. The maximum requested
burnup for BWR fuel has been reduced from 70,000 MWD/MTU to 65,000 MWD/MTU.
These revised values were chosen because they are somewhat higher than the maximum
permissible bumups for reactor operation at nuclear power plants.

Neutron and Gamma Source

References 5-6.2 through 5-6.4 report average calculated-to-measured ratios for Cs-134
and Eu-154 from 0.79 to 1.009 and 0.79 to 0.98, respectively. For Cm-244, average
calculated-to-measured ratios are reported in the range of 0.81 to 0.95. These values
provide representative insight into the entire range of possible error in the source term
calculations. These non-conservative errors are offset by the conservative nature of the
inputs used in the source term calculations (e.g. fuel assembly characteristics, specific
power, single cycle, etc.). Further discussion is provided in the response to Part (b) of this
response below.

Decay Heat Source

Using an approach similar to that described in Reference 5-6.1, the potential error in the
decay heat calculations was estimated to be in the range of 3.5 to 5.5% at 3 year cooling
time and 1.5 to 3.5 % at 20 year cooling time. Further discussion of the error estimation can
be found in Holtec calculation package HI-2022847 which is being submitted under separate
cover.

(b) The uncertainty/error in the neutron and gamma source strength is not included in the
shielding analysis for two main reasons. First, the bumups used in the analysis are
considerably higher than the bumups allowed by the CoC as discussed in Section 5.1 of the
FSAR. This provides significant margin in the calculation of the dose rates. Second,
Technical Specification (TS) 5.7 (see Response 10-3) provides assurance that the
calculated dose rates used to demonstrate compliance with the 10CFR72.104 regulations
are bounding by comparing measured dose rates for each loaded cask to site-specific
calculated limits per TS 5.7.
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The decay heat calculations performed in Chapter 5 are not used as input to the thermal
analysis. Rather, the thermal analysis specifies the maximum permissible decay heat per
fuel storage location that can be stored in an MPC. This maximum permissible decay heat is
then used through the equations in the CoC to calculate the maximum permissible bumup
as a function of cooling time. The equations in the CoC were established by curve-fitting the
bumup versus decay heat data calculated with ORIGEN-S. The thermal analysis, as
discussed in Chapter 4 of the FSAR, has greater than 5% margin In the calculated allowable
decay heat per assembly in a PWR basket. Therefore, no uncertainty is applied to the decay
heat calculations for the PWR fuel. For BWR fuel, the margin in the thermal analysis Is
considerably less. Therefore, In order to maintain an appropriate level of conservatism, a 5%
uncertainty has been applied to the decay heat calculations performed in FSAR Chapter 5
for BWR fuel. This uncertainty is applied by penalizing the ORIGEN-S calculated decay
heats by 5% before fitting the equation to the burnup versus decay heat data.

Sections 5.2 and 5.6 of the FSAR has been modified as a result of this RAI.

References:

5-6.1 'Technical Support for a Proposed Decay Heat Guide Using SAS2HIORIGEN-S Data,"
NUREG/CR-5625 ORNL-6698, September 1994.

5-6.2 "Validation of SCALE (SAS2H) Isotopic Predictions for BWR Spent Fuel," ORNL/TM-
13315, September 1998.

5-6.3 "An Extension of the Validation of SCALE (SAS2H) Isotopic Predictions for PWR Spent
Fuel," ORNL/TM-13317, September 1996.

5-6A 'Isotopic Analysis of High-Bumup PWR Spent Fuel Samples From the Takahama-3
Reactor,' NUREG/CR-6798 ORNL/TM-2001/259, January 2003.

Question 5-7

Confirm the statement in Section 5.2.1 that gamma dose from energies above 3.0 MeV are
insignificant for cooling times less than 5 years.

This information regarding the source term and shielding analysis Is needed to determine
compliance with 10 CFR 72.236 (d).

Response 5-7

As the question implies, the gamma source spectrum changes with cooling time and the
percentage of the gamma source that is present in the 3-11 MeV energy range increases as the
cooling time decreases. MCNP calculations have been performed which confirm that, at a 3-
year cooling time, the contribution to the total dose from energies above 3 MeV is less than 1%
and therefore can be neglected in the analysis presented In FSAR Chapter 5.
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Question 5-8

Provide the following information regarding the neutron source spectrum used in the shielding
analysis:

(a) Confirm the statement in Section 5.2.2 that 244Cm accounts for 96% of the total neutron
source for the new high bumup fuel, and for the fuel with cooling times less than 5 years.

(b) Clarify if there are any additional uncertainties in the neutron spectrum with respect to
the source term method used for fuel cooled less than 5 years.

This information regarding the source term and shielding analysis is needed to determine
compliance with 10 CFR 72.236 (d).

Response 5-8

(a) The statements in FSAR Section 5.2.2 are fundamentally correct. Cm-244 is the dominant
contributor to the neutron source. At high bumups and low cooling times, Cf-252 becomes a
relatively significant source of neutrons. The following table shows the percentage of total
neutron source from various contributors for different burnup and cooling times.

Contributor | 3 Years 10 Years 20 Years

45,000 MWD/MTU
Cm-244 97.2% 97.3% 96.0%
Cf-252 spontaneous fission 0.4% 0.1% 0.0%
All alpha-n contributors except Cm-244 0.7% 1.0% 1.6%
All spontaneous fission contributors 1.7% 1.6% 2.4%
except Cm-244 and Cf-252

75,000 MWDIMTU
Cm-244 91.7% 95.9% 95.8%
Cf-252 spontaneous fission 6.0% 1.3% 0.2%
All alpha-n contributors except Cm-244 0.4% 0.5% 0.8%
All spontaneous fission contributors 1.9% 2.3% 3.2%
except Cm-244 and Cf-252

The text in FSAR Section 5.2.2 has been modified to read:

244Cm accounts for approximately 92-97% of the total number of neutrons produced.
Alpha,n reactions in isotopes other than 244Cm account for approximately 0.3-2% of the
neutrons produced, while spontaneous fission in isotopes other than 244Cm account for
approximately 2-8% of the neutrons produced."
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(b) There are no additional uncertainties associated with the generation of neutron source terms
for cooling times less than 5 years. The physical phenomena are the same for all cooling
times with a minor change In the concentration of the nucdides as discussed above.

Question 5-9

Provide the following information regarding minimum enrichments used in the source term
analysis:

(a) Discuss and clarify the Information used to determine the minimum enrichments and
other power operating aspects for average bumups above 60 GWD/iMTU.

Source term input parameters used for average bumups below 60 GWDIMTU are based
on examination of industry data for actual spent fuel. It is not dear how much industry
data Is available regarding the minimum enrichments that will be used to generate high
bumup fuel in the future.

(b) Clarify if the statement regarding dose rate Impacts from outlying assemblies also
apply to decay heat impacts.

(c) Clarify if the bumup values and equation coefficients in proposed Sections 2.4.1 and
2.4.2 of proposed Appendix B are valid for fuel with minimum enrichments below those
specified in Table 5.2.24.

(d) Clarify how the user should consider minimum enrichments for outlying fuel assemblies,
in conjunction with the new proposed TS 5.7. [see also RAI 10-31

This information regarding the source term and shielding analysis is -needed to determine
compliance with 10 CFR 72.236 (d) and (f). -

Response 5-9

(a) As the question notes, there is limited data in the high bumup range above 60 GWD/MTU.
The minimum enrichments chosen in FSAR Table 5.2.24 were based on a review of
historical bumup data and some plant specific burnup data, as well as projected bumups.
The specific information can be found In the Holtec calculation package HI-2022847 which is
being provided under separate cover. In an effort to be m ore accurate in the CoC,
enrichment has been factored into the equation that represents' bumup as a function of
decay heat for the various cooling times. The CoC now provides an equation that requires
users to calculate burnup limits as a function of decay heat and minimum enrichmentt. As a
result, enrichment-specific allowable burnup and cooling times will be established by the
user. The shielding analysis in FSAR Chapter 5 continues to use the enrichments presented
in FSAR Table 5.2.24, which' are still considered to be bounding values, for the various
bumup ranges. In order to accommodate the change in the burnup equation, a definition for
minimum enrichment has also been added to FSAR Table 1.0.1 and the Definitions section
of CoC Appendix B.

t This approach applies to ZR-clad fuel only. SS-clad fuel assemblies continue to have specific limits
on bumup, decay heat, and cooling time specified In the CoC.
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The operating parameters used for the source term calculations are appropriate for the
allowable bumups beyond 60,000 MWD/MTU being requested in this LAR (65,000
MWDIMTU for BWR and 68,200 MWDIMTU for PWR - see Response 5-6). The bumups of
fuel assemblies will rise to a practical limit in the neighborhood of 60,000 MWDIMTU while
the major operating characteristics of plants will not change with the exception of power
level, which may increase through power uprates. The source term analysis in Section 5.2
already accounts for the potential power uprates. Therefore, operating parameters used in
the analysis remain appropriate.

(b) The statement in FSAR Chapter 5 regarding 'outlying assemblies" in terms of enrichments
did apply to both dose rate and decay heat impacts. It was felt that the enrichment range
was sufficiently conservative for decay heat calculations that assemblies with enrichments
below those used in the source term calculations would have decay heat estimates that
would be only slightly off. However, in response to this RAI and in an effort to be more
accurate, the CoC has been modified to include an equation that requires users to calculate
allowable bumup as a function of decay heat and enrichment. The previous proposed CoC
provided bumup versus cooling time tables for uniform storage and an equation relating
bumup and decay heat for regionalized storage. These tables and equations have been
replaced by a new equation which provides for calculation of maximum allowable fuel
assembly bumup as a function of decay and enrichment for both uniform and regionalized
fuel storage. As a result, there are no 'outlying assemblies in terms of the calculations used
to derive the allowable burnups in the CoC.

(c) As stated in Part (b), the modified equations in the CoC provide for calculation of maximum
allowable fuel assembly burnup as a function of decay heat and enrichment. The
coefficients used in these equations were developed for enrichments ranging from 0.7 to 5.0
wt.% 235U. Even though the lower limit of 0.7 wt.% 2U was used, these equations are valid
for the few assemblies that might exist with enrichments below 0.7 wt.% MU. This is
because the curve fit is very well behaved in the enrichment range from 0.7 to 5.0 wt.% 235U
and, therefore, it is expected that the curve fit will remain accurate for enrichments below 0.7
wt.% 2U. In addition, assemblies with enrichments below 0.7 wt.% MU are expected to
have very small burnups and long cooling times.

(d) The proposed revised TS 5.7 (see Response 10-3) requires that the user calculate their site-
specific dose limits consistent with their 10CFR72.212 evaluation. In performing these
calculations, it is recommended that an enrichment, bumup and cooling time combination be
used that produce bounding dose results. In this regard, the enrichment used in TS 5.7
analysis and the IOCFR72.212 evaluation do not become limitations for the fuel assemblies
to be loaded. This is acceptable because as long as the dose rates are below the calculated
TS 5.7 values, there is assurance that the 10CFR72.104 regulations will be met. FSAR
Section 5.2 has been modified as a result of this portion of the RAI.
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Question 5-10

Specify the decay heat of the bounding non-fuel hardware analyzed in Section 5.2.4.

This information regarding the source term and shielding analysis is needed to determine
compliance with 10 CFR 72.236 (d) and (f).

Response 5-10

The decay heats calculated for the bounding non-fuel hardware in Section 5.2.4 are as follows.

Thimble plugs - 0.77 watts
BPRAs - 14.4 watts
CRAs - 8.25 watts for configuration 2 (fully removed) and 80.8 watts for configuration 1 (10%

inserted)
APSRs - 4.72 watts for configuration 2 ( fully removed), 46.2 watts for configuration 1 (10%

inserted), and 178.9 watts for configuration 3 (fully inserted)

This information has been added to Section 5.2A of the FSAR.

Question 5-11

Specify how the heat source terms from the non-fuel hardware In Section 5.2.4 is applied in
determining the bumups specified in Tables 2.4-1 through 2.4-3 for uniformed loading, and the
coefficients in Tables 2.4-7 and 2.4-8 for regionalized loading in proposed Appendix B.

This information regarding the source term and shielding analysis is needed to determine
compliance with 10 CFR 72.236 (d) and (f).

Response 5-11

The decay heat source from the non-fuel hardware was not used in determining the allowable
bumups in Revision I of the FSAR and CoC. Likewise, the decay heat from non-fuel hardware
is not used in this revision of the LAR In determining the uniform allowable bumups or the
coefficients presented in the proposed CoC. Likewise, the coefficients for the equation
representing bumup as a function of decay heat and enrichment in this revision of the LAR were
calculated without consideration for the decay heat from non-fuel hardware. When a user
calculates the allowable bumup, the decay heat inputs into the equation are chosen based on
the uniform loading heat loads or the calculated regionalized loading heat loads. Non-fuel
hardware decay heat is not a consideration when the user calculates the allowable bumups.

It is the responsibility of the user to demonstrate that the total decay heat emitted by the fuel
assembly plus non-fuel hardware, if any, to be stored in the same fuel storage location is less
than the allowable decay heat limit determined using the methodology in Section 2.4.1 or 2.4.2
of Appendix B to the CoC. This is acceptable because the user is required to demonstrate
compliance with all requirements in the CoC including the decay heat limits. The text in FSAR
Section 2.1.9 and in the proposed CoC has been modified to clarify that the user must add the
decay heat from the fuel assembly and the non-fuel hardware when demonstrating compliance
with the decay heat limits in the CoC.
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Question 5-12

Provide the following information regarding the new proposed uranium loadings in Tables 2.1.3
and 2.1.4 of the FSAR:

(a) Justify the 2.0 and 1.5 percent loading deviations in Note 3 of the tables.

The revised tables appear to eliminate the current margins between allowable fuel
loadings and the mass used for the assembly-specific analyses. It appears that this
margin was considered in the original approval of the deviation specification.

(b) Identify any other assumptions or uncertainties in the currently approved FSAR, that rely
on the uranium loading margin discussed above.

This information regarding the source term and shielding analysis is needed to determine
compliance with 10 CFR 72.236 (d) and (f).

Response 5-12

(a) The 2.0 and 1.5 percent loading deviations listed in the notes in the CoC are maintained
from previously approved revisions of the CoC. No change to these notes was requested in
this LAR.

The RAI question correctly notes that different allowable burnup and cooling times are being
requested for the different assembly classes. This approach reduces the margin in the
allowable bumups by using assembly-specific uranium mass loadings rather than a
bounding value from the design basis shielding fuel assembly. However, Holtec believes it is
still justified to maintain the 2.0 and 1.5 percent loading deviations in the CoC because the
uranium mass loadings in the CoC have been conservatively calculated and should be
bounding in all but the fewest cases. In order to provide more conservatism in the current
analysis, many of the uranium mass loadings have been increased in the CoC and
correspondingly in FSAR Tables 5.2.25 and 5.2.26 (see Response 5-14), thereby reducing
the allowable bumups. With the increase in the loadings, the likelihood of an assembly
exceeding these values is deemed to be small. However, if an assembly does exceed these
values there is ample margin in the various analyses in the SAR to accommodate the minor
2.0 and 1.5 deviations previously approved in the CoC.

(b) There are no other assumptions or uncertainties in the FSAR that rely on a uranium loading
margin. All analysis in the FSAR are demonstrated to be bounding without relying upon
margin between the uranium mass loading of a design basis assembly and that of another
assembly.
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Question 5-13

Discuss how the user should consider specific power assumptions for the PWR and BWR fuel
assemblies, in conjunction with the new proposed TS 5.7

It is not clear if potential fuel assemblies that exceed the specific powers would be invalid for
storage in accordance with the FSAR, and Section 2.4.1 and 2.4.2 of proposed Appendix B.
[see also RAI 10-31

This Information regarding the source termr and shielding analysis is needed to determine
compliance with 10 CFR 72.236 (d) and (f).

Response 5-13

The revised TS 5.7 (see Response 10-3) states that the user must calculate site-specific dose
rate limits consistent with their 10CFR72.212 evaluation. In performing these calculations, it is
recommended that an enrichment, bumup and cooling time combination be used that produce
bounding dose results. A user may bhoose to perform their site-specific analysis with a different
specific power than is used in the FSAR, but this is not required. The specific powers used in
Chapter 5 of the FSAR were chosen to be conservative as described in Section 5.2. Because
proposed TS 5.7 requires a user to calculate site-specific dose rate limits to comply with the
CoC, there is assurance that the site-specific analyses demonstrating compliance with
10CFR72.104 are bounding and any concern about the choice of specific power in the site
specific analysis is alleviated.

With regard to Sections 2.4.1 and 2.4.2 of proposed Appendix B to the CoC, the user is required
to demonstrate compliance with the allowable fuel assembly bumup, cooling time and decay
heat limits. The user is not required to demonstrate that the specific power of their plant Is less
than the values used in the FSAR. As stated before, the specific powers were chosen to be
conservative for both PWR and BWR fuel. This choice, in conjunction with other conservatisms
discussed in FSAR Chapter 5, results in the conservative allowable bumup and cooling times
determined In accordance with the methodology specified in Appendix B to the CoC. Since the
user must demonstrate compliance with both the bumup and decay heat limits, there is
assurance that all analyses in the FSAR bound the loaded contents.

Question 5-14

Clarify if each fuel assembly class specified in Table 5.2.25 and 5.2.26 is representative or
bounding of the specific array classes noted in Section 2.4 of proposed Appendix B for both
uniform and regionalized loadings.

Although uranium loading is typically the driving factor in source term strength, it is not clear if
lattice variations: are (or should be) considered for determining the more precise bumup
parameters for each specific fuel class.

This information regarding the source term and shielding analysis is needed to determine
compliance with 10 CFR 72.236 (d).
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Response 5-14

FSAR Tables 5.2.25 and 5.2.26 are used to determine the bounding fuel assemblies used in the
shielding analysis. These assemblies were used to determine the allowable bumup and cooling
time tables and equation coefficients presented in the Revision 1 of this LAR. These assemblies
were also used to determine the revised equation coefficients in this Revision 2 of the LAR.
Separate source term calculations were performed for each fuel assembly in these tables to
determine the allowable bumups and equation coefficients. By performing separate calculations,
any potential lattice effects are properly accounted for. The fuel assemblies listed in these tables
are also used to determine the allowable uranium mass loadings in Tables 2.1-2 and 2.1-3 of
the proposed CoC. Each fuel assembly listed in FSAR Tables 5.2.25 and 5.2.26 is
representative and bounding (for uranium mass loading) for the ZR-clad array/classes listed in
the CoC. However, not all assemblies used to determine the parameters in the previous
proposed CoC were represented in FSAR Tables 5.2.25 and 5.2.26. Therefore, in response to
this RAI question, FSAR Tables 5.2.25 through 5.2.28 have been expanded to include all fuel
assemblies used in determining the parameters in the proposed CoC. In addition, the assembly
array/classes that correspond to these assemblies are noted in the tables.

Question 5-15

Clarify the reason for changing water rod dimensions of the 9x9 array listed in Table 5.2.26.
Discuss the resulting change on the calculated source terms.

This information regarding the source term and shielding analysis is needed to determine
compliance with 10 CFR 72.236 (d).

Response 5-15

The water rod dimensions were changed along with the number of fuel rods for the 9x9 fuel
assembly in FSAR Table 5.2.26. As discussed in Response 5-14, the fuel assemblies listed in
FSAR Tables 5.2.25 and 5.2.26 are bounding for the fuel assembly array/classes in the CoC.
Consistent with this approach, the 9x9 fuel assembly in FSAR Table 5.2.26 was modified in this
LAR to be consistent with the CoC assembly array/class 9x9F. FSAR Tables 5.2.25 and 5.2.26
have been further expanded to include additional assemblies as discussed in Response 5-14.

Question 5-16

Provide the following information regarding the uniform loading specifications referenced in
Section 5.2.5.3 of the FSAR and Section 2.4.1 of proposed Appendix B. [see item 5-171

(a) Provide the calculation package that provides the derivation of the burnup specifications
equation and associated values used in proposed Appendix B of the CoC.

(b) Revise the FSAR, as appropriate, to provide a stand-alone summary of the derivation of
these bumup values.

(c) Clarify whether each bumup point was independently calculated with the Section 5.2
methodology, or if some other estimation method was used.
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(d) Clarify If the specific array classes (e.g., lattice effects and operating conditions) is
considered in this methodology, or only changes In uranium loading for a single design
basis assembly,

This Information regarding the source term and shielding analysis is needed to determine
compliance with 10 CFR 72.236 (d) and (f).

Response 5-16

(a) Holtec Report HI-2022847 is being provided under separate cover. This calculation package
shows the derivation of the coefficients for the revised equation in the CoC which is
proposed for use in determining allowable fuel assembly bumup as a function of decay heat
and enrichment (see Response 5-9). The bumup versus cooling time tables In the CoC for
uniform loading have been replaced by the equation relating bumup to decay heat and
enrichment. This equation is also used for computing the allowable bumups for regionalized
storage.

(b) FSAR Section 5.2.5.3 has been revised to describe the equation in the CoC that represents
bumup as a function of decay heat and enrichment.

(c) In the previous revision of this LAR, the bumup values in the' uniform loading tables were
calculated using the linear equations relating bumup and decay heat which were provided in
Section 2.4.2 of Appendix B to the proposed CoC. In this revision of the LAR, a single
equation relating bumup, decay heat, and enrichment is used for determining the maximum
allowable bumups for both uniform and regionalized storage.

(d) The specific array/classes defined in FSAR Chapter 6 and listed in FSAR Section 2.1 and
the CoC were used to determine the bumup limits and equation coefficients -for those
array/classes. As a result, lattice geometry effects were properly accounted for.

The equation coefficients were not calculated for each and every array/class. Rather, some
array/classes were combined. For example, a single set of coefficients represent the 8x8C,
8x8D, and BxBE array/classes. The array/classes that were combined had similar physical
characteristics (e.g. array size, number/type of water rods, pitch) and a bounding uranium
mass loading was used for the combined array/classes. The only exception Is the 17x17B
and 17x17C array/classes which were analyzed separately. In this case, the resulting
bumups for the 17x17B and 17x17C array/classes were so close in value that it was
decided to use the coefficients that resulted in bounding values (i.e. lower bumups) for both
array/classes and combine them.

Question 5-17

Provide the following information regarding Table 2.4.1 of proposed Appendix B: [see item 5-16]

(a) Specify the mass used to calculate the bumups for the 17x17 B/C fuel entry

(b) Clarify if the uranium masses used to calculate the bumups in Table 2.4-1 for the various
classes is consistent with the masses specified in Table 2.1-2 of the FSAR.
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It appears that the allowable bumup values (e.g., at 3 years cooling) for each class do
not increase in the same order as the allowable uranium mass values decrease in Table
2.1-2 for each class. Clarify if the various array-specific, non-fuel hardware masses are
employed in this analysis.

(c) Clarify if Note 2 for Table 2.4-1 for each specified bumup and cooling time already
accounts for allowable non-fuel hardware.

(d) Clarify whether each user must re-verify if the total heat load meets the maximum decay
heat load, and recalculate allowable fuel bumups for any non-fuel hardware loadings.

This information regarding the source term and shielding analysis is needed to determine
compliance with 10 CFR 72.236 (d) and (f).

Response 5-17

NOTE: Proposed changes to CoC Appendix B, Section 2.4 have been completely modified and
these responses are provided for historical context for the reviewer.

(a) As discussed in part (d) of Response 5-16, both the 17x17B and 17x17C array/classes were
analyzed separately and the array/class that produced the bounding results was used in
combining these array/classes when determining bumup limits. This array/class is 17x17C,
which has the higher uranium mass loadings.

(b) The uranium mass loading used to calculate the bumups in Table 2.4-1 of CoC Appendix B
in LAR Revision 1 were consistent with the uranium mass loadings specified in Tables 2.1-2
and 2.1-3 of Appendix B to the CoC. As noted in the RAI question, at three years cooling a
comparison of the allowable bumups between some array/classes (e.g. 14x14B and
14x14C) indicates a behavior that is not consistent with uranium mass loading. This effect is
due to the lattice effects and indicates the importance of including lattice effects in the
calculations. Array-specific non-fuel hardware masses are not used in the analysis.

(c) Note 2 on Table 2.4-1 in the proposed CoC, Appendix B, meant that the user must sum the
decay heat of the fuel assembly that they will be storing and the decay heat from the non-
fuel hardware that will be stored with that fuel assembly, if any. This sum must then be
compared against the decay heat limits in Table 2.4-1. The allowable burnup and cooling
times were calculated without consideration for the potential decay heat from non-fuel
hardware. This is acceptable because the user is required to demonstrate compliance with
all requirements in the CoC including the decay heat limits.

(d) The user must demonstrate that each assembly meets the burnup and cooling time limits.
These limits are calculated as outlined in Section 2.4 of the proposed CoC without
consideration for decay heat from non-fuel hardware. In addition, the user must demonstrate
that the total assembly decay heat including non-fuel hardware (see response to item (c)) is
less than the allowable value. Allowable bumups for the fuel assembly are not re-calculated
based on the presence of non-fuel hardware.
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Question 5-18

Provide the following Information regarding the bumup equations referenced in Section 5.2.5.3
of the FSAR and Section 2.4.1 of proposed Appendix B.

(a) Provide the calculation package that provides the derivation of the bumup equation and
associated values used in proposed Appendix B of the CoC.

(b) Revise the FSAR, as appropriate, to provide a stand-alone summary of the methodology
used to derive this equation.

(c) Clarify if the specific array classes (e.g., lattice effects and operating conditions) Is
considered in this methodology, or only changes in uranium loading for a single design
basis assembly.

(d) Justify the increment value of 2,500 MWDIMTU in deriving the equation.

(e) Clarify how the method accounts for non-linear production of some radionuclides during
burnup.

(f) Specify the uncertainties associated with this methodology, in contrast to a direct
verification of thermal decay heats and associated bumup with the SAS2H/ORIGEN-S
depletion codes.

(g) Specify the precision of the input heat value (e.g., 1.666 MW) and the precision of
calculated bumup values that the user should use for application of this equation (e.g.,
45,200 or 45,249 MWD/MTU).

It is not clear if the ORIGEN-S code and the Holtec methodology treats values and
computations at the same precision (e.g., significant figures) suggested by this equation
and the associated coefficients.

(h) Discuss the reason for the 20 GWDIMTU criterion and why bumups below this value are
unacceptable.

(i) Clarify the statement that Oa fuel assembly with an actual burnup less than 20,000
MWD/MTU may be stored, but it must have the longer cooling time.'

This information regarding the source term and shielding analysis is needed to determine
compliance with 10 CFR 72.236 (d) and (f).

Response 5-18

(a) This question is identical to Question 5-16(a). Please see Response 5-16 (a).

(b) This question is identical to Question 5-16(b). Please see Response 5-16 (b).

(c) This question is identical to Question 5-16(d). Please see Response 5-16 (d).

(d) The choice of 2,500 MWDIMTU as the bumup increment in determining the coefficients for
the equations was based on the behavior of the bumup versus decay heat curve. RAI Figure



U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Document ID 5014490
Attachment 1
Page 42 of 75

5-18.1 (located at the end of this document) shows the bumup versus decay heat curve for
two enrichments at a cooling time of 20 years. A 2,500 MWD/MTU increment was used in
generating this figure. Based on the slowly changing slope of these curves it is evident that
there is little to be gained from using a smaller increment in burnup. At cooling times below
20 years, the bumup versus decay heat curves become increasingly more linear providing
further justification for the 2,500 MWD/MTU increment.

(e) The method of generating the equations properly accounts for non-linear production of
radionuclides by explicitly performing SAS2H and ORIGEN-S calculations for each and
every data point used to determine the equation coefficients.

(f) The only uncertainties associated with this methodology have been previously discussed in
Response 5-6. In this revision of the proposed CoC, SAS2H and ORIGEN-S calculations
have been performed for multiple enrichments and bumups in order to determine the
coefficients for the equation relating bumup, decay heat and enrichment. The coefficients
were calculated specifically for each cooling time.

(g) The equation coefficients were determined using all significant digits in the ORIGEN-S
output. The curves were adjusted so that all bumup values were reproduced or bounded by
the results from the equations.
The input decay heat value to be used in the bumup equations are taken directly from Table
2.4-1 of Appendix B of the proposed CoC (for uniform loading) or calculated from the
equations in Section 2.4.2 of Appendix B of the proposed CoC (for regionalized loading). It
is expected that the user may automate the process of calculating bumups from decay
heats and enrichment calculated using the equations in Section 2.4.2 of the CoC. Therefore,
there is no specification on the number of significant digits used for the decay heat value.
For ease of use, the CoC has been modified to specify that the calculated bumups should
be rounded down to the nearest integer.

(h) The 20 GWD/MTU criterion was specified because the previous curve fits were performed
over a burnup range from 20,000 MWD/MTU to 70,000 (BWR) or 75,000 MWD/MTU (PWR).
It was felt that it would not be appropriate to use the linear fits below 20,000 MWD/MTU.

(i) With a lower limit of 20,000 MWD/MTU permitted to be calculated, an instance could arise
for short cooling times (e.g., three years) where the calculated burnup from the equation
was less than 20,000 MWD/MTU. Since calculating a bumup less than 20,000 MWD/MTU
was not permitted, fuel storage at that low cooling time (e.g. three years) was not permitted.
As a result fuel assemblies must meet the burnup requirements for the next higher cooling
time (e.g., three years). This was illustrated in the example provided in FSAR Chapter 12 of
the previous revision of this LAR. Holtec understands that the wording in the CoC was
somewhat unclear. The current revision of the proposed CoC and FSAR Section 2.1.9
(information re-located from Chapter 12) have been clarified and a reference to the example
in Chapter 12, which executes the methodology, is now provided in the CoC.
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Question 5-19

Provide the following Information regarding Section 2.4.2.5 of proposed Appendix B:

(a) Justify the request for linear interpolation between points.

(b) Provide a method, and practical example for this proposed interpolation. Clarify the
expected error in estimated decay heats with this approach.

It Is not dear what OpointaN (e.g., bumup, cooling time, heat load) can be interpolated.

(c) Specify the user need for interpolation of these values in industry applications.

This information regarding the source tern and shielding analysis Is needed to determine
compliance with 10 CFR 72.236 (d) and (f).

Response 5-19

Linear interpolation between points has been approved in all previous revisions of the CoC. This
LAR does not request a change to the linear interpolation option.

(a) The user Is permitted to interpolate the bumup value between adjacent cooling times. RAI
Figure 5-19.1 (located at the end of this document) shows a graph of bumup versus cooling
time for a constant decay heat. Based on the shape of the curve It is easily understood that
performing linear interpolation between 'cooling time points to determine the bumup will
produce an accurate or slightly conservative (underestimated) bumup. Therefore, linear
interpolation is acceptable.

(b) An example has been added to FSAR Section 12.2.10. The user is only permitted to
perform interpolation for bumups between cooling times that were determined for the same
enrichment and decay heat values.

(c) To date, our users have not had a need for Interpolation. However, as utilities begin to store
more and more fuel, the option for linear interpolation may be Important in choosing the
assemblies to be loaded so as not to unnecessarily impact a loading schedule. The option to
interpolate may also become important to a decommissioning plant in order to prevent
extended delays (up to a year) in their decommissioning plans.

Question 5-20

Discuss how the cask user applies the non-fuel hardware decay heat, as discussed in proposed
Section 2.4.2.6 of proposed Appendix B.

It is not clear how non-fuel hardware decay heat should be considered in equations 2.4.1
through 2.4.3 in proposed Appendix B. [see also RAI 5-17(d)]

This information regarding the source term and shielding analysis is needed to determine
compliance with 10 CFR 72.236 (d) and (f).
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Response 5-20

Section 2.4.2.6 of the proposed CoC meant that the user must sum the decay heat of the fuel
assembly that they will be storing and the decay heat from the non-fuel hardware that may be
stored with that fuel assembly. This sum must then be compared against the decay heat limits
calculated in Sections 2.4.2.1 and 2.4.2.3 of the proposed CoC. The allowable bumup and
cooling times calculated in Sections 2.4.2.2 and 2.4.2.4 are calculated without consideration for
the potential decay heat from non-fuel hardware. The decay heat inputs for Sections 2.4.2.2 and
2.4.2.4 come directly from Sections 2.4.2.1 and 2.4.2.3. This is acceptable because the user is
required to demonstrate compliance with all requirements in the CoC including the decay heat
limits.

Section 2.4.2 has been extensively revised as a result of changes in the thermal analysis. The
references to sections above may no longer be valid in this revision of the proposed CoC.
However, the intent as stated above is still correct and the CoC has been modified to clarify the
users requirements.

Question 5-21

Provide the following information regarding the specific fuel array classes listed in Table 2.1-1
and Section 2.4 of proposed Appendix B:

(a) Clarify whether array classes 14x14DIE and 15x15G can be co-mingled with the other
PWR array classes specified in Section 2.4, with respect to the source term methods
and shielding analysis used to develop these tables.

(b) Provide the same information for the specific BWR array classes specified in Table 2.1-1
and the other BWR array classes specified in Section 2.4.

This information regarding the source term and shielding analysis is needed to determine
compliance with 10 CFR 72.236 (d).

Response 5-21

(a) Co-mingling of stainless steel-clad (array/classes 14x14D/E and 15x15G) and ZR-clad fuel
is permitted in the CoC. There is already a restriction imposed by item 2.1.1.b in Appendix B
to the CoC which requires that the ZR-clad fuel co-mingled with stainless steel-clad fuel
must meet the decay heat limits of the stainless steel clad fuel. This restriction remains in
the proposed CoC and the result would be that a user would calculate, using the equations
provided in the proposed CoC, more restrictive bumups by using the stainless steel clad fuel
decay heat limits. The limitation on co-mingling in the CoC is extracted from the thermal
analysis described in FSAR Chapter 4. The shielding analysis and the calculation of the
burnup versus decay heat and enrichment equations do not result in any co-mingling
limitations.

(b) The limitation in item 2.1.1.b in Appendix B to the CoC is applicable to BWR fuel as well as
PWR fuel. There is also a similar limitation imposed by item 2.1.1.d in Appendix B to the
CoC for non-standard ZR-clad fuel. These CoC requirements place restrictions on, but do
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not prohibit co-mingling of standard ZR-clad fuel with either array classes 6x6A,B,C, 7x7A,
Bx8A, or stainless steel clad fuel.

Question 5-22

Specify whether calculated dose rates in Section 5.4 are determined with source term dose
response functions (i.e. source strength to dose rate conversion factors), or with individual
forward calculations with Monte Carlo N-Particle (MCNP) Transport Code. Provide the dose
response functions, as appropriate, and in accordance with the methodology proposed in TS
5.7. [see also RAI 10-3]

This information regarding the source term and shielding analysis is needed to determine
compliance with 10 CFR 72.236 (d).

Response 5-22

Forward MCNP calculations were performed to determine the dose rate per starting particle for
each neutron and gamma group for the fuel, and for each axial location in the end fittings. This
dose rate per starting particle was calculated at multiple locations around the overpack. The
final dose rates were calculated by multiplying the dose per starting particle for each group or
axial location by the source strength in that group or axial location and summing the resulting
dose rates for all groups. Therefore, -there are no dose response functions used in the
calculations of the dose rates. Section 5.4 of the FSAR has been modified to Include this
description.
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Chapter 6 - Criticality Evaluation

Question 6-1

Justify the general conclusion that maximum pellet diameter maximizes keff.

The data in Table 6.4.12 indicates that kff increases with decreasing pellet diameter in the
MPC-24 type canister. The response should include the location of the detailed data
summarized in Table 6.4.12. Also, Figure 6.4.14 shows a maximum reactivity for the minimum
pellet outside diameter (OD) for the points in the peak of the plot.

This information is needed to show compliance with 10 CFR 72.124(a) and 72.236(c).

Response 6-1

In the response to this RAI, a distinction must be made between the general conclusion that the
maximum pellet diameter maximizes kff for intact fuel, as discussed in FSAR Section 6.2, and
the effect of the pellet diameter in the damaged fuel and fuel debris model, as discussed in
FSAR Section 6.4. This distinction is necessary since the pellet diameter plays a different role in
intact fuel and damaged fuel/fuel debris, and since the pellet diameter supports different
conclusions in intact fuel as compared to damaged fuelfuel debris.

Pellet Diameter in Intact Fuel

The use of maximum pellet diameter as a fuel selection criterion was included, with many other
parameters, in the original licensing bases for the two Holtec CoCs under 10 CFR 72 and one
under 10 CFR 71 (for example, see the HI-STORM Part 72 CoC, Appendix B, Tables 2.1-2 and
2.1-3). This was found acceptable by the NRC in all cases (refer to the HI-STORM 10 CFR 72
SER, Rev. 0, Section 6.3). All three CoCs require that numerous fuel assembly physical
parameters be verified in selecting fuel for loading into the MPC to ensure the criticality
analyses are preserved. In combination, compliance with all of the fuel assembly parameters
provides reasonable assurance of criticality control with significant margin, as described in
FSAR Chapter 6.

Over 50 Holtec MPCs have been loaded, welded, and placed into service at ISFSI pads using
maximum pellet diameter as one of the criteria verified. To change this criterion at this point (to
add a minimum diameter, for example) could potentially invalidate past fuel selection and
verification activities for MPCs already loaded and in service. Absent a significant safety issue,
this would not be appropriate. Therefore, we have not altered the maximum pellet diameter fuel
selection criterion in the CoC nor added any other criteria. Rather, we are providing the
discussion below to qualitatively justify why maximum pellet diameter, as previously licensed,
along with other requirements for fuel selection and the realities of fuel fabrication provides
sufficient assurance of criticality control.

The intention of the discussion in FSAR Section 6.2.1, together with the corresponding
calculations, is to show that the combination of the parameters listed in the section is bounding.
It is recognized that decreasing the fuel pellet diameter without varying any other parameter
(i.e., fuel cladding ID) can result in an increase of the calculated reactivity if the pellet-to-clad
gap is flooded. If it is not flooded, the reactivity decreases. However, it is important to recognize
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that In actual fuel assemblies the pellet diameter does not vary independently from the other
parameters.

Specifically, there is a strong link between the pellet diameter and the clad ID, since the
difference between these values, i.e. the pellet-to-clad gap size, differs only slightly among
assembly types. Reducing the pellet diameter while maintaining the clad ID would therefore
increase the pellet-to-clad gap size beyond what is found In actual fuel assemblies and is,
therefore, not considered a credible design condition. The choice of the maximum pellet
diameter, however, is consistent with the choice of the maximum clad ID and recognizes the
very limited variation in pellet-to-clad gap found in actual fuel assemblies. This choice of fuel
parameters is supported by the results for one class of fuel in the MPC-68, MPC-24 and MPC-
32 (FSAR Tables 6.2.3, 6.2.4 and 6.2.5, respectively), and by the large set of calculations
summarized In FSAR Tables 6.2.6 through 6.2.45, which were performed for all PWR and BWR
assembly classes and numerous variations of assembly dimensions.

In summary, the choice of the maximum pellet diameter for intact fuel assemblies, in conjunction
with the other bounding parameter assumptions, is suitably conservative and consistent with
actual fuel assembly construction, and the parameters are supported by a significant number of
calculations.

Pellet Diameter in Damaged Fuel and Fuel Debris

In the models developed to conservatively represent damaged fuel and fuel debris, both the
diameter and the array size of the bare fuel rods are varied in order to determine the optimum
moderation condition. The fuel rod diameters for the three cases listed in FSAR Table 6.4.12
differ significantly from each other (minimum: 0.3088 inches from assembly array/class 17x17A,
typical: 0.3622 inches from assembly array/class 15x15H, maximum 0.3835 inches from
assembly array/class 14xl4D, see Holtec Report HI-951321, Attachment F, Page F-1-109
through F-1-111). Therefore, the array sizes corresponding to the optimum moderation are
different for the different pellet 00 values (14x14 array for maximum pellet OD, 15x15 array for
typical pellet OD, and 18x18 array for minimum pellet OD, see Holtec Report HI-2012771,
Appendix D). The cases in FSAR Table 6.4.12 therefore differ in both the pellet OD and the
array size. In order to determine whether the values shown in FSAR Table 6.4.12, and the data
shown in FSAR Figure 6.4.14 represent any significant trend regarding the pellet OD, the
following findings need to be considered:

* The difference in reactivity between the case with the maximum and minimum' pellet OD is
0.0014 deita-k. Given the standard deviation of these calculations of about 0.0008 delta-k
(see Holtec Report HI-2012771. Appendix D), this difference represents less than two
standard deviations and is therefore not considered statistically significant

* The minimum and maximum pellet OD used in the analyses differ significantly (by more than
20%). In conjunction with the small reactivity effect of less than two standard deviations, the
overall effect of the pellet OD on the reactivity of the damaged fuel and fuel debris
calculations can only be described as insignificant.

e The same applies to the results in FSAR Figure 6.4.14, where the maximum values differ by
less than two standard deviations. In addition, there is no clear trend in the data, since the
lowest value corresponds to the typical pellet OD, not to the maximum pellet OD.
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* The results presented for PWR fuel in the MPC-32 (FSAR Table 6.4.13) or for generic BWR
fuel in the MPC-68 (FSAR Figure 6.4.13) do not indicate any potential trends.

* Even if a trend would be determined here, this would be applicable only to the damaged fuel
and fuel debris modeling where an optimum moderation condition is determined by varying
both the pellet OD and the array size. This would not be applicable to intact fuel, where the
intent is to determine the bounding parameters for a given assembly type, i.e. a fixed array
size.

In summary, examination of the results show that there is only an insignificant effect, if any, of
the pellet OD on the reactivity of the model with damaged fuel and fuel debris, and that any
conclusions from this model are not applicable to the bounding fuel parameters used for intact
fuel.

There are no changes to FSAR Chapter 6 as a result of this RAI response.

Question 6-2

Justify the statement that kff decreases for all cases except the MPC-32 when the fuel
assemblies are moved toward the center of the basket.

The data in Appendix I of calculation HI-2012771, 'Reactivity Effect of Eccentric Fuel
Positioning,' shows several cases that do not support the statement in Section 6.4.2. (see also
RAI 6-5)

This information is needed to show compliance with 10 CFR 72.124(a) and 72.236(c).

Response 6-2

Please see Response 6-5.

Question 6-3

Provide the supporting data for the statement that missing fuel rods in an assembly result in
only a sight increase in reactivity in the MPC-24E.

This data is used to support a similar conclusion for the MPG-32. Table 6.4.5 shows increases
in kfsf that are greater than 2% for some missing rod configurations.

This information is needed to show compliance with 10 CFR 72.124(a) and 72.236(c).

Response 6-3

The important aspect of the MPC-24E and MPC-32 loaded with damaged fuel and fuel debris is
that these baskets contain only a small number of locations for DFCs (four for the MPC-24 and
eight for the MPC-32). Further, all DFCs are located on the periphery of the basket. These
designs were chosen to minimize the impact of the damaged fuel and fuel debris configurations
on the reactivity of the basket. The same applies to the MPC-68 with 16 DFCs for generic BWR
damaged fuel and fuel debris (i.e., excluding Dresden Unit 1 and Humboldt Bay), with results
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shown in FSAR Table 6.4.8. The results in FSAR Table 6A.5, however, are for a bounding
MPC-68 configuration not permitted by the CoC, where all 68 basket positions are occupied by
DFCs. For this model, the reactivity effect of any variations in the damaged fuel model is
therefore much larger than for the models with a limited number of DFCs on the periphery of 'the
basket. Consistent with this expectation, the calculations for the MPC-24E/EF with four DFCs
and the MPC-68 with 16 DFCs only show small variations in reactivity, about 0.002 delta-k,
when the damaged fuel assembly is modeled as an intact assembly with missing rods (MPC-24:
four cases, with between eight and 16 missing rods; MPC-68: seven cases, with between four
and 32 missing rods (see Holtec Report HI-951321, Attachment F, Appendix F-1, Pages F-1-80
and F-1-85). Since the modeling approach using bare fuel rods bounds these conditions by a
large margin, no conditions with missing rods were evaluated in the MPC-32, as discussed in
FSAR Section 6.4.4.2.6.

There are no changes to FSAR Chapter 6 as a result of this RAI response.

Question 6-4

Justify the statement that the Boraff and Metamic° poisons are "...identical from a criticality
perspectives

The data in Table 6A.15 show the MPC-24 type basket (with flux traps) is more reactive'with
Metamic versus BoralTM, with one exception, while the MPC-68 and MPC-32 (without flux
traps) are less reactive. Averaging the effect over all basket types is misleading when the
trends by basket type are so consistent. The analysis methodology described in the FSAR
should include an assessment of both Borale and Metamic, at least for the MPC-24 type
basket.

This information is needed to show compliance with 10 CFR 72.124(a) and 72.236(c).

Response 6-4

This apparent trend in the comparison between Boral and METAMIC1 was noted when
performing the calculations. Therefore, -a second, statistically independent set of calculations
was generated for METAMIC*. This second set shows generally different delta-k values
between Boral and METAMIC, no apparent trend between different baskets, and the same low
average reactivity difference. It is therefore concluded that the two materials are equivalent from
a criticality perspective. Both sets of comparisons, and the corresponding discussion, are
documented In Holtec Report HI-2012771, Appendix E. FSAR Section 6A.11 has been
expanded to discuss these additional calculations.

Question 6-5

Justify the general conclusion that eccentric positioning of the fuel assemblies is negligible.

The data in Appendix I of calculation HI-2012771 OReactivity Effect of Eccentric Fuel
Positioning," show an increase in kff for nine of the eleven cases reported when the fuel
assemblies are positioned toward the center of the MPC. An increase in kff as high as 0.39% is
reported and is'almost twice the maximum decrease reported for this fuel movement. Eccentric
effects should be included in the analysis methodology described in the FSAR.
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This information is needed to show compliance with 10 CFR 72.124(a) and 72.236(c).

Response 6-5

The original, approved licensing basis for criticality analysis did not include a stipulation that all
assemblies must be moved toward the center of the basket in the criticality models. Absent a
significant safety issue, new assemblies, modifications to existing assemblies, and new MPC
models should be evaluated using the same, previously approved licensing basis. The
assemblies were centered in their fuel storage cells as is clearly stated in the FSAR. This
approach was previously found to be acceptable by the NRC by virtue of the issuance of the
CoC and associated NRC safety evaluation report, notwithstanding existing review guidance at
the time of licensing that suggested eccentric positioning should be considered. Despite having
been previously approved and no significant safety issue identified, this RAI requests that
Holtec implement a new staff position into the HI-STORM licensing basis.

As discussed with the SFPO staff, a scenario where all fuel assemblies are assumed to be
moved toward the center of the MPC basket is not credible, based on the number of assemblies
and the random nature in which the assemblies locate themselves as the cask is moved and
handled. Even if the probability for a single assembly placed in the corner of the fuel cell toward
the basket center would be 1/5 (i.e. assuming only the center and four comer positions in each
cell, all with equal probability), then the probability that all assemblies would be located toward
the center would be (1/5)24 or approximately 10-17 for the MPC-24, (1/5)32 or approximately 10-23
for the MPC-32, and (1I5)68 or approximately 1 o8 for the MPC-68.

Despite this lack of credibility, in order to keep the licensing process moving forward, we have
re-analyzed criticality cases for all new or changed conditions to address this non-mechanistic
scenario and the results are reported in Proposed Revision 2B of the FSAR. This includes the
MPC-32 calculations with intact assemblies and reduced soluble boron levels compared with
the currently approved values (i.e. all 14x14 arraylclasses, 15x15 A, B, C and G, and 16x16A),
the MPC-32 cases with intact fuel and damaged fuel/fuel debris, and the MPC-24E/EF with
intact fuel and damaged fuel of 5.0 wt% 235U. While we understand that analyzing all of the
conditions with assemblies moved toward the center of the basket provides a bounding case,
we believe that the previous licensing basis was sufficiently conservative. Further, this
unnecessary additional amount of conservatism added to the licensing basis effectively
eliminates any maneuverability in adding or modifying fuel assembly types or fuel characteristics
that may increase reactivity to reflect actual fuel requiring storage in the future.

Question 6-6

Show that the poison plates in the MPC-32 will not be damaged during insertion of a fuel
assembly or damaged fuel canister (DFC).

The poison plates are on the inside of the fuel cells and have a fairly thin cover sheathing. Also,
the clearances are very small particularly when considering the tolerances on the basket cell
dimensions and the size of the DFC.

This information is needed to show compliance with 10 CFR 72.124(a) and 72.236(c).
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Response 6-6

No specific steps are taken to preclude interaction between a fuel assembly and the fuel basket
structure during fuel loading. The manufacturing of the Holtec MPC baskets is a fixture-driven
process whereby the dimensions of the fuel cells are controlled throughout the basket welding
process. The fixtures act to suppress weld-induced distortion and provide assurance that each
fuel storage cell and the basket assemblage meet the required tolerances. Each fuel storage
location in each MPC is tested at the fabrication shop with a 8go/no-go gauge suitably sized to
ensure all fuel assemblies andlor damaged fuel containers will fit in their designated locations
when used at the power plant. Any significant mhang-ups with the go/no-go gauge will cause the
fuel storage cell to fail the test criterion, requiring appropriate remedial actions to be taken. Over
50 MPCs (representing over 3000 fuel assemblies) have been loaded with BWR and PWR fuel,
including several damaged fuel containers, with no reported instances of fuel Interference with
the Inner surfaces of the fuel cells. In addition, Holtec has delivered and installed tens of
thousands of fuel storage cells with similar cross-sectional dimensions, neutron absorber
panels, and sheathing in spent fuel pools. The neutron absorber and sheathing have performed
without exhibiting any failure or malfunction in any fuel loading at any site.
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Chapter 7 - Confinement Evaluation

NOTE: As part of this RAI response, Holtec is proposing to adopt the provisions of NRC
Interim Staff Guidance (ISG) 18, which was published after the NRC issued this RAI.
If certain criteria are met, then ISG-18 sanctions the elimination of confinement
analyses and field leakage testing of the MPC closure welds. The elimination of the
requirement to perform confinement analyses is based on the premise that there is
no credible mechanism for leakage from storage systems whose confinement
boundary is designed, analyzed, qualified, and manufactured to meet all applicable
structural criteria applicable to welded austenitic stainless steel canisters. Because
the Holtec MPCs meet all of the ISG-18 criteria, they are eligible to be designated as
completely leak tight. Therefore, the Chapter 7 RAls are no longer applicable and the
response to Question 7-1 is directed toward the adoption of ISG-18. The remaining
responses to the Chapter 7 RAIs simply refer to Response 7-1.

Question 7-1

Clarify the discrepancy between Sections 7.2.3 and 7.2.6 regarding radionuclides available for
release.

Section 7.2.3 states that 2.5% and 11.5% of the total inventory is available for release under
normal and off-normal conditions, respectively, yet Section 7.2.6 states that 1% and 10% of the
total inventory is available for release under normal and off-normal conditions, respectively.

This information is required to assure compliance with 10 CFR 72.11 and 72.236(d).

Response 7-1

The NRC's Interim Staff Guidance (ISG) 18 sanctions the elimination of confinement analyses
for dry spent fuel storage systems for which a manufactured welded austenitic stainless steel
MPC meets the ISG-1 8 criteria that support the elimination of leakage from such a canister from
the licensing basis. In particular, the in-shop and in-field welds are engineered to produce the
highest integrity joints attainable for the specific type of joint and the non-destructive
examinations are configured to ensure a homogeneous and isotropic weld mass. The welding
procedure selected to make the enclosure vessel (confinement boundary) weld and their
supporting procedure qualifications shall likewise be subject to review by Holtec to ensure that
all explicit and implicit commitments with respect to weld integrity (such as fracture resistance
documented in Holtec Position Paper DS-213, 'Acceptable Flaw Size in MPC Lid-to-Shell
Weld") are fulfilled without exception. Section 7.1 of the HI-STORM FSAR has been modified to
justify the application of ISG-18 to the Holtec MPC design and to justify the elimination of all
references to leakage from the confinement boundary and confinement leakage dose analyses
from the FSAR (Section 7.2, 7.3, 11.1, and 11.2). Appropriate verbiage has been added to the
FSAR to ensure that all safeguards required to comply with the letter and spirit of ISG-18 and
ISG-15 requirements are articulated. FSAR Sections 7.2 and 7.3 have been reduced in size to
one paragraph each and Appendix 7.A has been deleted in its entirety. Other portions of the
FSAR have been revised to conform with this change, as required, to eliminate reference to
helium leakage testing of field welds and confinement boundary leakage rates.
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Question 7-2

Justify applying gravitational settling as the only effect reducing the amount of fines, volatiles
and crud within the confinement boundary. Provide justification for neglecting other deposition
mechanisms, such as Brownian motion and thermophoresis. Revise the FSAR appropriately.

The evaluation provided in SMSAB-00-03, 'Best Estimate Offsite Dose from Dry Storage Cask
Leakage,' was developed by staff specifically for the Safety Evaluation Report for the Private
Fuel Storage 10 CFR Part 72 site specific license -application. SMSAB-00-03 has not been
evaluated for its applicability to a general license application. For example, SMSAB-00-03 does
not discuss the range of applicability for using gravitational settling to reduce the amount of
fines, volatiles and crud within the confinement boundary. The confinement analysis provided in
Chapter 7 is a deviation from staff guidance provided in ISG-5, Confinement Evaluation.
Alternatives to staff guidance must be described and justified.

This information is required to assure compliance with 10 CFR 72236(d).

Response 7-2

This question is no longer applicable to the Holtec HI-STORM 100 System design. Please see
Response 7-1.

Question 7-3

Justify neglecting effects that could counteract gravitational settling, such as the 'thermosiphon"
effect described in Chapter 4 and the cavity de-pressurization effect should a leak occur.
Provide an estimation of the gas velocities within the cask cavity due to both of these effects.
Revise the FSAR appropriately.

The ¶thermosiphonr effect appears that it could maintain a suspension of fines within the cask
cavity. In addition, canister de-pressurization following a leak appears that it could result in a
lifting of previously settled fines. SMSAB-00-03 does not discuss effects that may counteract
gravitational settling. The confinement analysis provided In Chapter 7 is a deviation from staff
guidance provided in ISG-5. Altematives to the staff guidance must be described and justified.

This information is required to assure compliance with 10 CFR 72.236(d).

Response 7-3

This question is no longer applicable to the Holtec HI-STORM 100 System design. Please see
Response 7-1.

Question 7-4

Provide justification that the aerosol particle distribution Is independent of spent fuel bumup
parameters.

The aerosol partide distribution in SMSAB-00-03 is based on experimental data regarding spent
fuel fines from fuel with total bumup less than 40,000 MWD/MTU. Chapter 7 does not
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demonstrate that the aerosol particle distribution is appropriate for spent fuel with bumups up to
75,000 MWDIMTU, nor does it demonstrate that the aerosol particle distribution of 1-4 gm is
bounding for crud. The confinement analysis provided in Chapter 7 is a deviation from staff
guidance provided in ISG-5. Alternatives to the staff guidance must be described and justified.

This information is required to assure compliance with 10 CFR 72.236(d).

Response 7-4

This question is no longer applicable to the Holtec HI-STORM 100 System design. Please see
Response 7-1.

Question 7-5

Justify using 11.0 g/cm3 for the upper bound value on aerosol density.

The density for non-irradiated fuel is typically 10.5 g/cc (10.96 g/cc theoretical). Given the
unknown density of irradiated spent fuel, use of a conservative value for aerosol density would
be more appropriate. The confinement analysis provided in Chapter 7 is a deviation from staff
guidance provided in ISG-5. Alternatives to the staff guidance must be described and justified.

This information is required to assure compliance with 10 CFR 72.236(d).

Response 7-5

This question is no longer applicable to the Holtec HI-STORM 100 System design. Please see
Response 7-1.

Question 7-6

Revise the FSAR to provide the calculation of the first-order rate constant for aerosol deposition,
A (lambda), discussed in Section 7.2.7.2.1.

Besides being based on parameters such as the particle density, the dynamic shape factor and
particle diameter, X (lambda) is based on factors such as the temperature and pressure of the
gas which determines the viscosity and density of the gas, which in turn affects each of the
aerosol deposition processes. According to Chapter 7, lambda is taken directly from SMSAB-
00-03. SMSAB-00-03 is based on conditions for spent fuel with burnups up to 40,000
MWD/MTU. Chapter 7 of the FSAR does not demonstrate that lambda has been evaluated for
canister conditions with spent fuel burnups up to 75,000 MWDIMTU. The confinement analysis
provided in Chapter 7 is a deviation from staff guidance provided in ISG-5. Alternatives to the
staff guidance must be described and justified.

This information is required to assure compliance with 10 CFR 72.236(d).
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Response 7-6

This question is no longer applicable to the Holtec HI-STORM 100 System design. Please see
Response 7-1.

Question 7-7

Justify using the lower bound value of X (lambda) rather than the upper bound value.

Section 7.2.7.2.1 of the FSAR states that the lowest value was selected to ensure conservatism,
yet the analysis presented in SMSAB-00-003 demonstrates that the lowest value results in the
lowest predicted off-site dose. Uncertainties in the value of lambda should be accounted for in
the analyses. The confinement analysis provided in Chapter 7 is a deviation from staff guidance
provided in ISG-5. Alternatives to the staff guidance must be described and justified.

This information is required to assure compliance with 10 CFR 72.236(d).

Response 7-7

This question is no longer applicable to the Holtec HI-STORM 100 System design. Please see
Response 7-1.

Question 7-8

Revise Chapter 7 to include the calculation of the fraction of volatiles that are subjected to
gravitational settling.

The fraction of volatiles that are subjected to gravitational settling is based on the methodology
of SMSAB-00-03 according to Section 7.2.7.2.2 of the FSAR. The evaluation provided in
SMSAB-00-03 was developed by staff for the Safety Evaluation Report for the Private Fuel
Storage 10 CFR Part 72 site specific license application. SMSAB-00-03 does not claim
applicability to a general license application. SMSAS-00-03 is based on conditions for spent fuel
with bumups up to 40,000 MWDIMTU. Chapter 7 does not demonstrate that this fraction has
been evaluated for canister conditions with spent fuel bumups up to 75,000 MWDIMTU. The
confinement analysis provided in Chapter 7 is a deviation from staff guidance provided in ISG-5.
Alternatives to the staff guidance must be described and justified.
This information is required to assure compliance with 10 CFR 72.236(d).

Response 7-8

This question is no longer applicable to the Holtec HI-STORM 100 System design. Please see
Response 7-1.

Question 7-9

Justify neglecting the off-site dose from pathways other than air and immersion.
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The methodology of ISG-5 has been considered sufficiently conservative such that doses from
other pathways could be neglected. Alternatives to the staff guidance must be clearly
described and justified.

This information is required to assure compliance with 10 CFR 72.236(d).

Response 7-9

This question is no longer applicable to the Holtec HI-STORM 100 System design. Please see
Response 7-1.
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Chapter 8 - Operating Procedures

Question 8-1

Provide information that demonstrates that radiolytic disassociation of nitrogen would not result
in the creation of adverse chemicals, specifically acids, that would affect the cask or contents,
particularly during the storage period.

The FSAR specifies that either helium or nitrogen may be used to displace water during the
cask draining process.

This information is required to assure compliance with 10 CFR 72.236(l).

Response 8-1

The optional use of nitrogen to displace water during cask draining operations was part of the
original licensing basis for the HI-STORM 100 System and has not been proposed to be
changed in this amendment request. This process, known as 'blowdown' of the MPC, would be
used as a precursor to vacuum drying of the canister. Nitrogen blowdown will not be performed
if the FHD process (in lieu of vacuum drying) is used. Use of nitrogen prior to use of the Forced
Helium Dehydrator (FHD) for drying would not be appropriate as the system is not designed to
be used with nitrogen and would need to be purged or vacuumed prior to FHD operations. The
use of nitrogen prior to vacuum drying would not give sufficient opportunity for the formation of
deleterious amounts of acids in the MPC.

Research has shown that the formation of acids due to the radiolysis of moist air, (or, in this
case, nitrogen), results in very low concentrations for high radiation doses. As the time between
the water blow-down using nitrogen or helium and the beginning of the vacuum drying process
has been consistently demonstrated to be much less than an 8 or 12 hour shift, the formation of
acids in anything more than trace amounts is precluded. Any acid which may be formed from
the radiolysis of nitrogen, namely nitric acid, would not be expected to have any deleterious
effects on the MPC or its contents. Furthermore, 'Perry's Chemical Engineer's Handbook', 7
edition, 1997, shows that the vapor pressure of nitric acid at 00 C is 11 mm Hg. This is well
above the 3 mm Hg vacuum pressure required for the vacuum drying process and would lead to
the evaporation of any acid that may have been present in the MPC. Therefore, it can be
concluded that there is no significant threat of the creation of adverse chemicals In the MPC due
to the use of nitrogen for the blowdown process.

Question 8-2

Add a cautionary note in the loading procedures to periodically check the boron concentration of
the water in the MPC against the specifications in LCO 3.3.1 when the MPC is flooded and
contains fuel.

This periodic check is specified in Surveillance Requirement 3.3.1.1.

The following information is needed to show compliance with 10 CFR 72.124(a).
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Response 8-2

A note has been added to the loading procedures indicating that the boron concentration of the
water in the MPC shall be checked in accordance with the SR for PWR fuel. See Response TS-
3 for additional information.

Question 8-3

Add a step in the unloading sequence to check that the boron concentration of the water meets
the specifications in LCO 3.3.1 within 4 hours prior to introducing this water into the MPC.

The following information is needed to show compliance with 10 CFR 72.124(a).

Response 8-3

A note has been added to the unloading procedures indicating that the boron concentration of
the water in the MPC shall be checked in accordance with the SR for PWR fuel. See Response
TS-3 for additional information.
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Chapter 9 - Acceptance Criteria and Maintenance Program

None

Chanter 10 - Radiation Protection

Question 10-1

Clarify the additional ALARA protective measures that a user must employ to decontaminate
and survey the HI-TRAC.

Occupational dose estimates from this operation appear to be significant with the new fuel
contents.

This information regarding the source term and shielding-analysis is needed to determine
compliance with 10 CFR 72.236 (d) and 10 CFR Part 20.

Response 10-1

There are no additional generic ALARA protective measures that are required or that Holtec can
recommend without knowledge of the site conditions and client loading choices. Specific
activities and controls-to be employed during loading operations are best left to the Radiation
Protection personnel on site as they have more experience with site needs and capabilities.
The current design of the Holtec equipment puts into place the basic shielding protection,
consistent with the shielding analysis. Supplemental shielding is a site-specific decision made
by licensees based on expected dose rates in the vicinity of the cask, which vary based on cask
contents and the architectural layout of the plant.

Question 10-2

Explain why the dose rate estimates for surveillance and maintenance exposures did not
change in this amendment when compared to Amendment 1.

Calculated dose rates from the casks have significantly increased in this amendment.

This information regarding the source- term and shielding analysis is needed to determine
compliance with 10 CFR 72.236 (d) and 10 CFR Part 20.

Response 10-2

The surveillance and maintenance exposures were not changed in this amendment because it
is felt that the dose rates for these activities will not be significantly affected by the increased
dose rates around the overpack. The security surveillance is typically from outside the security
fence and the fence is typically positioned such that the area outside the fence is not a radiation
area.- In fact, one of the Inputs in deciding where to position the fence is the expected dose
rates from the ISFSI. Surveillance for blocked ducts can be done via visual inspection from
inside the fence, outside the fence or with cameras or remote temperature sensors. Therefore,
there is little reason for personnel to enter the secured ISFSI for surveillance activities and as a
result the dose rate reported in Table 10.3.4 for the surveillance activities are acceptable.
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The HI-STORM overpack, once deployed, requires essentially no maintenance. The only
maintenance that might be required would be a touch up of the paint. Maintenance around the
ISFSI fences would probably occur with a higher frequency, however this location is away from
the overpack. Therefore, the dose rates for maintenance activities in the Table 10.3.4 of the
FSAR are acceptable.

Question 10-3

Provide the following information regarding proposed TS 5.7:

(a) Revise the proposed TS to state that each user must establish surface dose rate limits
using the methodology in Chapter 5 of the FSAR, to assure proper loading, consistency
with the off-site dose analysis performed under 10 CFR 72.212, and establishment of
operational restrictions under 10 CFR 72.104(b).

(b) Clarify if this proposed TS would allow a user to operate the transfer and storage casks
with dose rates that exceed the bounding dose rates calculated in Chapter 5 of the
FSAR for the current designs.

(c) Discuss the differences between the radiation protection program implied by TS 5.7, and
the 10 CFR Part 50 radiation protection program that a user may have to change in
accordance with 10 CFR 72.212(b)(6).

(d) Discuss the meaning of 'the methodology described in the HI-STORM FSAR" with
respect to its intended use in the proposed TS.

The term 'methodology" may be subject to interpretation in which one user assumes a
high-level definition (e.g., the basic sequences of performing a shielding calculation),
while another user may assume a very rigid definition in which every input assumption
and model detail present in Chapter 5 must be applied. It is not clear the level of
flexibility that Holtec proposes to give the general license user with respect to
establishing dose rate limits, in conjunction with the flexibility that will be given in the
removal of bounding dose limits from the TS. The response should consider source
term and shielding assumptions in Chapter 5 that are important to establishing safe and
ALARA dose rates in accordance with this proposed TS. The staff notes that the
response to this issue may impact the responses to the remaining sub-items.

(e) Remove the proposed text regarding 'in support of changes to the cask design or
procedures made under 10 CFR 72.48."

This is outside of the scope of the radiation protection program.

(f) Justify proposed TS 5.7.2(a).

It is not clear if the three-dimensional transport code must have the same capability,
accuracy, level-of-detail, and conservative inputs as present in the MCNP analysis in
Chapter 5.

(g) Clarify the meaning of proposed TS 5.7.2(b).
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It is not clear how a cask user determines which computer codes have been reviewed
and approved by the NRC for HI-STORM shielding applications.

(h) Clarify why a cask user would not consider the source term and shielding codes used in
Chapter 5, to be part of the FSAR shielding methodology.

This appears to be partially implied in the requirements proposed in TS 5.7.2(a) and (b).

(i) Revise requirement 5.7.2(c) to state that a user may consider lower Cobalt-59 impurities
below the specified values in Chapter 5, If sufficient data exists to verify these values.

0) Provide a specification regarding the consideration of fuel assemblies that do not meet
the minimum enrichment values specified in Chapter 5.

(k) Clarify how a user should perform off-site dose calculations for an overpack and canister
configuration that are different from the representative MPC-24 configuration analyzed in
Section 5.4.

(I) Clarify how a user should treat possible contamination levels (including inaccessible
MPC areas) that exceed the currently approved TS limits (e.g., using the other
appropriate guidance clause), with respect to its radiation protection program and
environmental monitoring program.

It is not clear what levels of exterior contamination should be considered in the off-site
dose analyses under 10 CFR 72.212 and operational verification under TS 5.4.

This Information regarding the source term and shielding analysis is needed to
determine compliance with 10 CFR 72.236 (d) and 10 CFR Part 20.

Response 10-3

(a) TS 5.7 has been revised to state that the user must establish surface dose rate limits for
both the HI-TRAC transfer cask and the HI-STORM overpack. However, reference to
methodology has been removed from the proposed TS. It is felt that a user will most likely
use the methodology described in Chapter 5 for performing their site specific analyses.
However, for clarity, the proposed CoC no longer requires the general licensee to use the
methodology in Chapter 5. This is acceptable because compliance with the CoC is
ultimately demonstrated through measurements. The proposed TS requires the user to
establish dose rate limits that are consistent with the analysis used in their 10 CFR 72.212
evaluation. By doing so, there is assurance that as long as the measured dose rates are
less than the calculated site-specific values, then the 10 CFR 72.212 evaluation is accurate
and the 10 CFR 72.104 regulation will not be violated. Therefore, the concern about the
methodology used in calculating the site-specific dose rate limits and in performing the 10
CFR 72.212 evaluation is alleviated because direct measurements are implicitly being used
to demonstrate compliance.

(b) The proposed technical specifications do not have a direct link to the dose rates in Chapter
5. The analysis in Chapter 5 is extremely conservative and, as a result it, a loaded cask will
never exceed the dose rates in Chapter 5. Requiring the user to verify that measured dose
rates are less than the values in Chapter 5 would be an additional unnecessary burden and
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would not be appropriate since the calculations in Chapter 5 do not cover all configurations
(e.g. the HI-TRAC 125 is only analyzed with the MPC-24 and not the MPC-68 or MPC-32).

(c) The Radiation Protection Program addressed in proposed TS 5.7 is the Part 50 program
referred to in 10 CFR 72.212(b)(6), appropriately modified to address cask loading and
ISFSI operations. TS 5.7 includes certain required features for the program to address Part
72 activities. Proposed TS 5.7.1 has been modified to clarify this point.

(d) As discussed in the response to (a), all reference to methodology has been removed from
the revised TS.

(e) The text concerning 10 CFR 72.48 has been removed from the proposed TS.

(f) The revised TS 5.7 has been extensively revised and as discussed in (a) all reference to
methodology has been removed from the TS.

(g) The revised TS 5.7 has been extensively revised and as discussed in (a) all reference to
methodology has been removed from the TS.

(h) The revised TS 5.7 has been extensively revised and as discussed in (a) all reference to
methodology has been removed from the TS.

(i) The revised TS 5.7 has been extensively revised and as discussed in (a) all reference to
methodology has been removed from the TS.

(j) The allowable burnup and cooling times in the proposed CoC now accounts for the
enrichment of the fuel assembly (see Response 5-9). The proposed TS has not been
revised to discuss assembly enrichment. This is acceptable because, as described in (a),
compliance with 10 CFR 72.104 is implicitly being performed through radiation
measurements which are being compared to calculated values consistent with the 10 CFR
72.104 analysis. As a result, it is not essential that the enrichment being used for the
determination of the technical specification be less than the assemblies being loaded and
therefore a discussion on minimum enrichment is not appropriate for TS 5.7.

(k) There are multiple ways a user can perform off-site dose calculations for arrays different
than the configuration in Chapter 5. For example, a user could perform a very conservative
analysis and calculate the off-site dose from a single cask and multiply by the number of
casks in the array. This approach conservatively neglects self shielding within the array.
Alternatively, the user could perform a very detailed analysis accounting for each location
within the array. Since, there are multiple options it is not appropriate to specify that level
detail in the technical specifications.

(I) LCO 3.2.2 regarding contamination levels has been reinstated without changes in the
proposed CoC. As a result, there are no longer any requirements pertaining to concerning
contamination control in proposed TS 5.7.
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Chapter 11: Accident Analysis

Question 11-1

Provide the thermal analysis of blockage of three inlet ducts.

The FSAR states that the blockage of three Inlet ducts Is evaluated only to demonstrate the
limited effects of additional incremental duct blockage. However the analysis results are not
provided In the FSAR.

This information Is needed to assure compliance with 10 CFR 72.236(f).

Response 11-1

As the three inlet ducts blocked condition is bounded by the all-ducts blocked evaluation (FSAR
Section 11.2), this condition is deleted. However, as requested by this RAI, an additional
calculation is performed for the peak cladding temperature assuming three inlet ducts are
blocked. The calculation is performed for the hottest MPC-68 at design heat load and steady
state maximum temperatures are computed. The results are provided below:

Table 11-1.1

Partial Ducts Blockage Results

Inlet Ducts Condition Peak Clad Temperature (oF)

All Ducts Open 731

2 Ducts Blocked 749

3 Ducts Blocked 792

Question 11-2

Provide the thermal analysis of blockage of -two inlet ducts or additional justification why the
approach taken is conservative.

The FSAR states that the temperature rise for this case is conservatively calculated by
extrapolating data from HI-STORM FSAR Rev. 1, which may not lead to accurate results.

This information Is needed to assure compliance with 10 CFR 72.236(f).

Response 11-2

The two ducts blocked scenario is analyzed employing the HI-STORM thermal model described
in Section 4.4 of the HI-STORM FSAR (proposed Rev. 2B) at the revised heat loads. Results of
the thermal analysis are provided in RAI response 11-1 (Table 11-1.1).
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Question 11-3

Clarify and provide consistent total heat load capacity for the HI-STORM 100 MPC. Some
portions of the FSAR reference larger head loads.

The FSAR states that the temperature rise is conservatively calculated by prorating the HI-
STORM FSAR Rev. I reported temperature rise at 28.74 kW heat load to a conservatively
postulated heat load of 41.22 kW. However, Table 1.2.2 of the FSAR states that the maximum
heat load is 40 kW. Reference to other maximum decay heat loads in the FSAR is confusing.

This information is needed to assure compliance with 10 CFR 72.236(f).

Response 11-3

Calculations at the higher postulated heat loads are removed and replaced by calculations at
the revised HI-STORM design heat loads provided in FSAR Table 4.4.39 in Chapter 4.

Question 11-4

Perform the fire thermal analysis for the requested maximum decay heat load.

The FSAR states that by raising the rate of temperature rise by the ratio of design maximum
heat load (40 kW) and reference heat load (28.74 kW), a conservative upper bound to the rate
of temperature rise is established. The staff does not believe that this approach has provided
conservative results.

This information is needed to assure compliance with 10 CFR 72.236(f).

Response 114

The fire thermal analysis is performed at the revised HI-STORM design heat loads provided in
FSAR Table 4.4.39. The results are provided in the fire analysis Subsection 11.2.4.2 of the HI-
STORM FSAR.

Question 11-5

Specify the personnel exposure for recovery of the 100-ton and 125-ton HI-TRAC handling
accident.

The new estimated recovery exposures do not appear to have changed from the estimates in
Amendment 1, although calculated surface dose rates have significantly increased.

This information regarding the source term and shielding analysis is needed to determine
compliance with 10 CFR 72.106(b).
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Response 11-5

Dose rate revision in the Chapter 11 text was regrettably overlooked. The cumulative dose
estimates for HI-TRAC handling accident, as discussed in FSAR Chapter 5, have increased to
15 rem (up from 5 rem in Amendment 1). The text in Chapter 11 (Subsection 11.2.1.3) is
revised to state this result.
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Chapter 12: Conditions for Cask Use

Question 12-1

Clarify why the decay heat per fuel assembly for Regions 1 and 2 is constant for a given range
of cooling times and fuel bumups.

Table 12.2.1 of the FSAR states that for a given range of cooling times and fuel bumups, the
assembly decay heat for Region 2 is constant (i.e., qREGION 2 = 0.750kW). Similarly the FSAR
states that for a given assembly decay heat for Region 1, the allowable bumup must be greater
than or equal to 20,000 MWD/MTU.

This information is required to assure compliance with 10 CFR 72.11 and 72.236(b).

Response 12-1

The underlying reason for the constant decay heat values is our adoption of the ISG-1 1,
Revision 2 single peak fuel cladding temperature (PCT) limit for all commercial spent fuel. ISG-
11, Revision 2 suggests a single, bounding PCT limit of 400PC, irrespective of cooling time, for
long-term normal and short term normal operating conditions (i.e., MPC loading, drying, and on-
site transportation operations). The maximum permissible decay heat load for any fuel storage
cell (stored CSF including non-fuel hardware (NFH)) is based on this temperature limit and the
permissible total MPC heat load established in the thermal analysis. The source of the decay
heat (i.e., the fuel or NFH) is not relevant to the thermal analysis.

With the adoption of the single PCT limit recommended by ISG-1 1, Rev. 2, a single permissible
decay heat value per fuel storage cell is now being proposed for use in uniform fuel storage.
Similarly, for regionalized storage, a constant decay heat limit per fuel storage cell in each
region is being proposed (by definition, this value differs between regions). Allowable fuel
assembly bumups, on the other hand, are dependent on cooling time in order to ensure the
permissible decay heat limit for a fuel storage cell is not exceeded by the fuel assembly alone.
These fuel assembly bumup and cooling time limits (calculated by the user) ensure that the
thermal and shielding analysis assumptions are preserved.

Bumup and cooling times for NFH are determined strictly from the shielding analysis. Their
contribution to decay heat must be accounted for by the user for the affected fuel storage cells.
For example, if the decay heat, burnup and cooling time combination for a particular fuel
assembly meets the CoC limit, and that assembly includes non-fuel hardware, the user must
ensure the fuel storage cell decay heat limit is not exceeded, considering both the fuel and the
NFH. In addition, the user must ensure that the bumup and cooling time for the NFH meets the
CoC limit.

The 20,000 MWD/MTU lower bumup limit previously reflected the lowest burnup value
considered in the equations used to calculate burnup as a function of decay heat for a given
cooling time in the regionalized loading scenario. Since the equations stopped at 20,000
MWD/MTU decreasing, lower burnups are not permitted. In this revised LAR submittal, the
20,000 MWDIMTU lower burnup limit has been eliminated.
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Question 12-2

Clarify the appropriate Table 3-1 reference.

The FSAR Chapter 12, Appendix B, page B 3.1.1-7, states that 'Table 3-1' provides the
appropriate requirements for drying the MPC cavity. Because the Bases section has been
moved from the Technical Specifications to the FSAR It is not clear what table is being
referenced. Confirm that Tables 3-1 and 3-2 contained In Appendix A to the CoC are the
appropriate references in this instance (see also RAI G-1). Clear and consistent use of
references should be made in the FSAR in all instances. -

This information is not contained in the FSAR and is required to assure compliance with 10 CFR
72.11.

Response 12-2

Tables 3-1 and 3-2 contained in Appendix A to the CoC are the appropriate references in this
instance. The Technical Specification (TS) Bases have been a part of the FSAR since original
licensing of the HI-STORM 100 System. Appendix 12.B consists of only the TS bases which, by
definition and by the format and content guide for improved technical specifications (NUMARC
93-03), apply only to the technical specifications. Any cross-references in the TS bases apply to
the technical specifications unless otherwise noted as referring to the FSAR. -We realize,
however, that having the TS Bases in the FSAR Instead of a stand-alone document can cause
some confusion to the reader. Therefore, we have reviewed the TS Bases and made
appropriate changes to Bases B3.1.1 and B3.3.1 with regard to tabular cross-references to
ensure clarity.
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Chapter 13 - Quality Assurance (QA)

Question 13-1

Clarify the phrase "may be applied" in Chapter 13, Section 13.0.1, 'Overview," second
paragraph, third sentence. Make it clear under what conditions the QA program would and
would not be applied.

In Chapter 13, Section 13.0.1, "Overview," second paragraph, the third sentence states "may be
applied." The word "may" introduces ambiguity as to whether the QA program will be applied.

This information is required to evaluate compliance with10 CFR 72.140.

Response 13-1

We agree that the proposed text may be ambiguous. The phrase "may be applied" as proposed
for use in FSAR Chapter 13, Section 13.0.1 was simply intended to state that 10 CFR 72.140(d)
provides permission for licensees, applicants for licenses, certificate holders, and applicants for
CoCs to use a previously approved QA program in lieu of obtaining separate NRC approval of
their QA program pursuant to 10 CFR 72.140(c). It was not intended to imply that application of
the QA program is in any way optional for important-to-safety dry storage activities. In Holtec's
case, our QA program has been reviewed and approved by the NRC under 10 CFR 71, Subpart
H (Docket 71-0784) and the option permitted by 10 CFR 72.140(d) is requested to be applied
for our important-to-safety dry storage activities. The text of FSAR Section 13.0.1 has been
revised to state that the QA program "will be applied.

Question 13-2

Clarify the third sentence in Chapter 13, Section 13.0.1, "Overview," second paragraph to make
it clear that the record keeping requirements of 10 CFR 72.174 will be met.

In Chapter 13, Section 13.0.1, "Overview," second paragraph, the third sentence does not
clearly state that the added records requirements will be met.

Title 10 CFR 72.174 requires records be kept until the CoC is terminated.

Response 13-2

The proposed FSAR text has been clarified in this regard to clearly state that the requirements
of 10 CFR 72.174 will be met.

Question 13-3

Clarify Chapter 13, Section 13.0.1, "Overview," fourth paragraph to make Holtec's commitment
and responsibilities clear.

In Chapter 13, Section 13.0.1, "Overview," fourth paragraph, the first sentence is ambiguous
and does not clearly convey Holtec's obligation to assess the suppliers QA program in regards
to its adequacy for 10 CFR Part 72 work prior to allowing activities to be performed under it.
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Title 10 CFR 72.142 requires that the certificate holder retains the responsibility for tasks
delegated to others.

Response 13-3

The FSAR has been revised to unambiguously document Holtec's obligation to impose an
appropriate level of QA oversight on its suppliers, in accordance with the requirements stated in
the Company's NRC-approved OA program. Suppliers to Holtec are evaluated appropriately as
part of our vendor qualification program before safety-significantt items or services are
procured. That is, prior to allowing a supplier to use their own QA program for Part 72 important-
to-safety activities, we ensure that their program meets the requirements of 10 CFR 72, Subpart
G, as applicable to the item or service being provided. Please also see Response 13-4 for
additional clarification pertaining to QA oversight of suppliers.

Question 13-4

Clarify the statement in Chapter 13, Section 13.0.1, Overview,' fourth paragraph, to make it
clear that Holtec oversight will be sufficient to assure that quality requirements are met.

In Chapter 13, Section 13.0.1, 'Overview,, fourth paragraph, the second sentence is ambiguous
In that by saying that the type and extent of Holtec QA oversight is specified in procurement
documents, the sentence does not communicate that the type and extent of oversight will be
sufficient to verify that adequate quality will be achieved.

Title 10 CFR 72.142(b)(2) requires that the certificate holder verify that activities have been
correctly performed.

Response 13-4

The intent of the proposed FSAR text is to clarify that Hottec's suppliers may perform work
under their QA program or under Holtec's program, as Imposed through the procurement
documents. Hottec's obligation to assess its suppliers' QA programs for any safety-significant
work is spelled out in the QA program (Section 7.0) and sub-tier implementing quality
procedures. Based on the particular supplier and the QA requirements applicable to the
procurement, the level of oversight may vary, and is dearly delineated in the procurement
documents. The fundamental goal of the supplier oversight portion of Holtec's QA program is to
provide assurance that activities performed by vendors in support of the supply of safety-
significant items and services are performed correctly and in compliance with the procurement
documents. SAR Section 13.0.1 has been revised to clarify this commitment. We believe the
specific type and extent of Holtec oversight of a supplier, which depends on the status of his QA
program, represents a level of detail more appropriately stated In the implementing QA
procedures, not in the FSAR.

t Safety Significant" is a term defined in the Holtec QA program manual that means 'safety-related' for
10 CFR 50 or important-to-safety' for 10 CFR 71 or 72.
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Question 13-5

Clarify what type of equipment is included under 'other equipment used to deploy the HI-
STORM system" in Chapter 13, Section 13.0.2, "Graded Approach to Quality Assurance,'
second paragraph. If this equipment is not required to meet 10 CFR Part 72 quality
requirements, please indicate so, or provide the conditions under which the equipment is
required to meet 10 CFR Part 72 quality requirements. If the equipment is not required to meet
10 CFR Part 72 quality requirements, then please describe the quality requirements being
applied.

In Chapter 13, Section 13.0.2, 'Graded Approach to Quality Assurance,' second paragraph, the
last sentence states that 'Quality categories for other equipment used to deploy the HI-STORM
100 System are defined on a case-specific basis based on site-specific needs and the
component's design function.' It is not clear what type of equipment is being described as
needed or used to 'deploy the HI-STORM 100 System.'

Title 10 CFR 72.140(b) requires quality assurance criteria be applied in a graded approach
consistent with its importance to safety.

Response 13-5

The referenced FSAR statement was intended to recognize that, as Holtec's dry storage
systems are deployed throughout the world, new ancillary equipment may be needed to support
an ALARA-conscious and safe deployment. The identity of this as-yet-unknown equipment is,
therefore, not available. When new equipment is developed for use, the safety classification and
quality category of the equipment is determined using administrative controls and Holtec
procedures that invoke the guidance contained in NUREG/CR-6407 and the licensing basis
described in the FSAR. Based on its design function, all equipment designated important-to-
safety is subject to Holtec's quality program requirements. Not important-to-safety equipment is
governed by commercial grade requirements. Therefore, new equipment may or may not be
required to perform an important-to-safety function and, accordingly, may or may not be subject
to Holtec's quality program requirements (i.e., it may be a operational efficiency improvement).

Question 13-6

Clarify the point that Holtec is trying to make in Chapter 13, Section 13.0.2, 'Graded Approach
to Quality Assurance,' third paragraph.

In Chapter 13, Section 13.0.2, 'Graded Approach to Quality Assurance,' the third paragraph
appears to be attempting to state that Holtec, acting as a contractor to a general licensee, may
perform some on-site ISFSI activities for the general licensee as would be described in the
general licensee's contract with Holtec. The general licensee, not Holtec, is responsible for the
quality of any contracted services.

Title 10 CFR 72.154 states the licensee shall ensure that contracted services conform to
requirements.



U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Document ID 5014490
Attachment I
Page 71 of 75

Response 13-6

We agree with the reviewer's comment. The point being made in this SAR text Is that general
licensees often contract with Holtec for a variety of products or services in addition to the supply
of the spent fuel storage casks. These activities may be performed on-site at the licensee's
facility or at Holtec's facilities. Each licensee's procurement documents define the unique scope
of supply and impose necessary quality requirements on Holtec as the supplier of the particular
item or service. We -agree that the general licensee Is ultimately responsible for the quality of
any contracted services. The FSAR statement In question simply recognizes that the licensee's
procurement documents may permit Holtec to produce items and render services to a licensee
under its own QA program. It also obligates Holtec to invoke its NRC-approved QA program in
rendering services to the industry that, strictly speaking, fall outside the purview of the Part 72
scope of supply.

Question 13-7

Clarify the intent of the seemingly incongruous statement in Chapter 13, Section 13.0.2,
nGraded Approach to Quality Assurance,w third paragraph.

In Chapter 13, Section 13.0.2, Graded Approach to Quality Assurance, the third paragraph
states that activities affecting quality are defined in a purchaser's contract on a site-specific
ISFSI under the general license provisions of 10 CFR 72, Subpart K.

Title 10 CFR 72.6 defines the differences In general and specific ISFSI licenses.

Response 13-7

We recognize and understand the difference between site-specific and general licenses granted
under 10 CFR 72. The FSAR statement in question was intended to recognize the fact that, as
a certificate holder, we supply dry storage casks and other items and services to a large number
of plant sites, each of which has its own unique characteristics. The intent of this FSAR
statement is to acknowledge the fact that each ISFSI facility is unique to each general licensee's
plant site, based on that plant's operational needs and capabilities, even though the dry storage
cask design is generically certified. We agree that use of the term "site-specific ISFSI' in this
paragraph can cause confusion. The text has been revised to delete the term "site-specific."

Question 13-8

Identify the previously approved quality assurance program by date of submittal to the
Commission, docket number, and date of Commission approval in the FSAR.

The FSAR does not identify the previously approved quality assurance program by date of
submittal to the Commission, docket number, and date of Commission approval.

Title 10 CFR 72.140(d) states that in filing the description of the quality assurance program
required by paragraph (c) 10 CFR Part 72 the certificate holder shall notify the NRC, in
accordance with Sec. 72.4, of its intent to apply its previously approved quality assurance
program to ISFSI activities or spent fuel storage cask activities. The notification shall identify the
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previously approved quality assurance program by date of submittal to the Commission, docket
number, and date of Commission approval.

Response 13-8

FSAR Section 13.0.1 identifies the quality assurance program and NRC approval via two
references ([13.0.21 and [13.0.4]). However, these references do not include all of the
information requested. The FSAR text in Section 13.0.1 and references in FSAR Section 13.6
have been revised as necessary to improve clarity and provide the requested information.
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Certificate of Compliance

Appendix A of CoC: Technical Specifications

Question TS-1

Identify the provision In the technical specifications that limits the fissile content in a damaged
fuel canister to no more than that in one fuel assembly.

The following information is needed to show compliance with 10 CFR 72.124(a).

Response TS-1

Fuel assembly requirements for loading are specified In Section 2 of Appendix B to the CoC.
Damaged fuel is permitted to be stored in damaged fuel containers all MPC models except
MPC-24. Fuel debris Is permitted to be stored in damaged fuel containers in the MPC-68F, -
68FF, -24EF, and -32F. The fissile content of a damaged fuel container is not explicitly limited
in the CoC to no more than that In one fuel assembly. However, CoC Tables 2.1-1, 2.1-2, and
2.1-3 are entitled Fuel Assembly Limits." aPWR Fuel Assembly Characteristicsm and MBWR
Fuel Assembly Characteristics," respectively, indicating that the limits provided are for an
individual fuel assembly. That Is, for any fuel storage location, the contents must meet the limits
of a single array/class in these tables, which are for single fuel assemblies. These limits include
maximum enrichment (wt% 235U) and total uranium mass which, together, limit the fissile content
to that of one assembly. Similar limits are provided for MOX assemblies.

Question TS-2

Clarify whether authorization is being sought to mix fuel assembly types In a single MPC.

If authorization to mix fuel types is being sought, provide the justification for this. Otherwise,
identify or add specifications to preclude the mixing of fuel types. The application of the table in
LCO 3.3.1 is of particular concern.

The following information is needed to show compliance with 10 CFR 72.124(a).

Response TS-2

Authorization is being requested to mix assembly types to the extent required to meet the needs
of commercial nuclear plants. Many plants' spent fuel inventories Include different fuel types
that fall into more than one of the assembly "arraycllasses* defined in our FSAR and CoC. The
intention of LCO 3.3.1 is to require the most limiting (highest) soluble boron concentration for all
of the fuel types being loaded Into, or unloaded from the MPC. LCO 3.3.1 has been modified
with a note to make this requirement clear.

Question TS-3

Revise the frequency statement for Surveillance Requirement 3.3.1.1 to make it clear that the
initial verification of boron concentration must take place within 4 hours before the first fuel
assembly is loaded into the MPC.
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The current wording could be interpreted as allowing this verification to occur after loading
begins.

The following information is needed to show compliance with 10 CFR 72.124(a).

Response TS-3

The Frequency for SR 3.3.1.1 has been revised to be (changes in italics):

'Once within 4 hours prior to entering the Applicability of this LCO

AND

Once per 48 hours thereafter."

The Applicability of the LCO remains:

'During PWR fuel LOADING OPERATIONS with fuel and water in the MPC

AND

During PWR fuel UNLOADING OPERATIONS fuel and water in the MPC."

This change to the Frequency assures that the SR will be performed within four hours of having
both fuel and water in the MPC. This is because, by definition, LOADING OPERATIONS begin
when the first fuel assembly is loaded into the MPC (which is already filled with water) and
UNLOADING OPERATIONS begin with fuel, but no water in the MPC.

Appendix B of CoC: Approved Contents and Design Features for the HI-STORM 100 Cask
System

Question B-1

Clarify which fuel type assemblies (i.e., intact or damaged) are being characterized by Tables
2.4-1, 2.4-2, and 2.4-3 of TS.

Appendix B of TS states that 'For MPCs partially loaded with DAMAGED FUEL ASSEMBLIES
or FUEL DEBRIS, all remaining ZR clad INTACT FUEL ASSEMBLIES in the MPC shall meet
the decay heat generation limits for the DAMAGED FUEL ASSEMBLIES. This requirement
applies only to uniform fuel loading." The above tables do not specify which fuel assembly
types (i.e., intact or damaged) are being characterized.

This information is needed to assure compliance with 10 CFR 72.1 1.

Response B-1

CoC Appendix B, Tables 2.4-1 through 2.4-3 provide limits for intact and damaged fuel
assemblies. In light of the thermal evaluation addressing damaged fuel in FSAR Section
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4.4.1.1.4, the restriction specified in CoC Appendix B. Section 2.1.1.c is no longer required and
has been removed as a proposed CoC change.

Question B-2

For Regionalized Fuel Loading, explain why a chosen value for Region 2 shall be the same for
each fuel assembly with cooling times from 3-20 years.

This information is needed to assure compliance with 10 CFR 72.236(f)

Response B-2

The chosen value of decay heat for each fuel assembly in Region 2 is sufficient for defining the
thermal restriction for Region 2 cells because the permissible peak fuel cladding temperature
(PCT) is no longer dependent on the age (cooling time) of the fuel. Please also see Response
12-1 for additional Information pertaining to the thermal and shielding-based limits in the CoC.

Question B-3

Provide Regionalized Storage Non Cooling Time-Dependent Inputs for the MPC-68F design.

Tables 2.4-5 and 2.4-6 of TS do not provide this information for the MPC-68F design.

This information is needed to assure compliance with 10 CFR 72.236(f).

Response B-3

Regionalized fuel storage is not required or permitted in the MPC-68F in accordance with CoC
Appendix B, Section 2.1.3 and Figure 2.14, which exclude this MPC model. Only fuel from the
Dresden Unit I and Humboldt Bay power plants are permitted for storage in the MPC-68F due
to the relatively low Boron-10 loading in the neutron absorber in this design (see FSAR Section
1.2.3 and CoC Appendix B, Section 3.2). Each fuel assembly to be stored in the MPC-68F is
subject to a single decay heat, bumup, and cooling time limit in accordance with CoC Table 2.1-
1, Section 1II. That is, a decay heat < 115 Watts, a bumup < 30,000 MWD/MTU, and a cooling
time > 18 years. Regionalized loading has no significant benefit for fuel of this old age and low
decay heat. The definition of Regionalized Fuel Loading in FSAR Table 1.0.1 has been revised
to clarify this point.
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Figure 4-6.1 - Planar Thermal Conductivity of
Westinghouse 17x17 OFA Fuel Assembly
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Figure 4-6.2 - Planar Thermal Conductivity of
General Electric GE-I 9x9 Fuel Assembly
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Figure 4-6.3 - Planar Thermal Conductivity of
MPC-24 Fuel Basket
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Figure 4-6.4 - Planar Thermal Conductivity of
MPC-24E Fuel Basket
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Figure 4-6.5 - Planar Thermal Conductivity of
MPC-32 Fuel Basket
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Figure 4-6.6 - Planar Thermal Conductivity of
MPC-68 Fuel Basket
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Figure 5-18.1: Bumup versus decay heat curve for a B&W 15x15 fuel assembly for two different
enrichments.
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LAR 1014-2, REVISION 2 SUMMARY OF PROPOSED HI-STORM 100 SYSTEM |
CHANGES

SECTION I-PROPOSED CHANGES TO CERTIFICATE OF COMPLIANCE 1014

Proposed Change No. 1

Certificate of Compliance. Section l.b and Appendix B. Section 3.2:

Remove the specific reference to BORAL neutron poison material to allow the
use of an alternate, equivalent neutron poison material, METAMIC, as defined
in the FSAR

Reason for Proposed Changes

This change is proposed to allow flexibility in choosing the neutron absorber
material used in the MPC basket. The neutron absorber material METAMIC" is
proposed as an alternative to BORAL". Because of the absence of interconnected
porosities, the time required to dry a METAMI&-equipped MPC is expected to
be less compared to an MPC containing the rolled cermet class of neutron
absorbers such as BORAL".

Justification for Proposed Changes

METAMICe neutron poison material has been demonstrated to be equivalent to
BORAL in performing the design function of absorbing thermal neutrons.
METAMeI is also equivalent to BORAL in its thermal, structural, and
shielding performance. The dimensions and tolerances for the fabrication and
installation of the METAM[C neutron absorber panels are identical to the
current BORALe dimensions and tolerances. The weight percent of B4C in
METAMIC0 is less than that for BORAL given the same panel thickness, 10B
areal density, and ' 0B loading penalty (25%).

METAMICM has been considered in the criticality analyses in the same manner as
BORAL previously was considered, with one exception: only a 10% penalty on
' 0B loading was considered for METAMICO versus the previous licensing basis
value of 25% for BORAL. This change is appropriate because METAMICe is
essentially a solid material rather than a rolled cermet. " Section 1.2.1.3 of
Proposed FSAR Revision 2.B contains more detailed information regarding this
change and Section 9.1 contains the qualification and production test program
supporting the use of METAMICO with 90% credit for '0 B.

EPRI Report 1003137, "Qualification of METAMICS for Spent-Fuel Storage
Applications" provides the pertinent qualification tests data for this material.
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Holtec International proprietary Report HIl-2022871, "Use of METAMICE in
Fuel Pool Applications", includes a detailed discussion of the use of METAICO
in wet storage applications, but also includes information germane to dry storage.
Both of these reports support the conclusion that METAMICO is well-suited for
use in spent fuel storage casks. See proposed revisions to FSAR Sections 1.2.1.3,
4.2, 5.3, 6.4.11, and 9.1 in Attachment 5 for additional discussion.

Note: Appropriate conforming editorial changes to the MPC design drawings
will be made after approval of the CoC amendment

Proposed Change No. 2

Certificate of Compliance. Section lb and 9: Appendix A. LCO 3.3.1: and
Appendix B. Table 2.1-1:

a. Modify CoC Section L.b, Appendix A, LCO 3.3.1, and Appendix B, Section
V of Table 2.1-1; and add new Section VEII to Appendix B, Table 2.1-1 to
authorize damaged fuel for loading into the MPC-32 and damaged fuel and
fuel debris for loading into the MPC-32F.

b. Revise LCO 3.3.1 to re-format the required minimum soluble boron
requirements for MPC-32/32F to provide the appropriate values for soluble
boron based on fuel assembly array/class, intact vs. damaged fuel, and initial
enrichment.

Reason for Proposed Changes

a. Damaged fuel and fuel debris currently are not authorized for loading in
the MPC-32. Users currently must load PWR damaged fuel and fuel
debris in the MPC-24E and -24EF. This change would enable customers
to load all MPC-32 canisters on their ISFSI if they choose to do so.

b. The reformatting of the MPC-32/32F soluble boron requirements reduces
the current, across-the-board soluble boron concentration of 2,600 ppmb
for MPC-32 to account for differences in fuel types and enichments. This
change can help reduce the amount of radioactive waste produced at a
plant if the boron concentration in the spent fuel pool must be temporarily
increased for cask loading.

Justification for Proposed Change

a. The addition of damaged fuel and fuel debris as authorized contents in the
MPC-32 and MPC-32F has been analyzed and found to be acceptable.
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The creation of MPC-32F entails only the thickening of the MPC shell at
the top (with an associated reduction in the diameter of the MPC lid) and
increasing the size of the lid-to-shell weld. This design difference is
exclusively needed for qualification of the dual-purpose MPC for 10 CFR
71 tranport loads - see proposed changes to FSAR Section 2.1.3 and new
FSAR Figure 2.1.9. The rest of the MPC-32 and MPC-32F shell and
basket designs are identical. This is the same design detail previously
approved for the MPC-68F, MPC-68FF, and MPC-24EF in earlier CoC
amendments. Allowing users to load damaged fuel and fuel debris into
32-assembly MPCs instead of 24-assembly MPCs reduces the risk of
operating events and reduces the overall dose to personnel from ISFSI
operations by reducing the total number of casks required to store a given
amount of spent fuel. The MPC-32132F damaged fuel container is shown
in new FSAR Figure 2.1.2D. The technical evaluation is summarized
below by discipline.

Structural

The generic MPC-32/32F damaged fuel container (DFC) design is
different in two respects from the previously approved generic MPC-24E
PWR DFC: 1) the wall thickness is reduced from 0.075 inch to 0.0239
inch and 2) there is one additional spot weld per side in the MPC-32/32F
DFC baseplate. A structural evaluation for the MPC-32/32F DFC is
documented in the MPC structural calculation package (Report HI-
2012787, Supplement 25) and all safety factors remain greater than 1.0.

Thermal

The storage of DFCs containing damaged fuel assemblies in the peripheral
fuel cells in MPC-32/32F is acceptable because, in a bounding evaluation,
the effect of the presence of DFCs on peak fuel cladding temperature is
negligible (i.e., much less than 10F).

Shieldina

Generic damaged fuel has been analyzed in the MPC-24 and the MPC-68.
The effect of storing damaged fuel and the post-accident consequences of
collapsed damaged assemblies has been analyzed for the MPC-24 and the

'C-68. The results presented in the FSAR for the MPC-24 and the
MPC-68 conclude that there is little effect on the external dose rates as a
result of storing damaged fuel assemblies in these baskets.

Since storage of damaged fuel in the MPC-32 is similar to the MPC-24
and MPC-68 in that a limited number of assemblies are stored on the
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periphery of the basket, the effect on the external dose rates from storing
damaged fuel in the MPC-32 will be similar to the effect seen in the lDC-
24 and the MPC-68. Based on the results for the MPC-24 and MPC-68, it
is concluded that the effect on the external dose rates from storing
damaged fuel in the MPC-32 will be small Therefore, storage of damaged
fuel in the MPC-32 is acceptable from a shielding perspective without
performing explicit MCNP calculations. Section 5.4.2 of the FSAR has
been modified to add the above discussion pertaining to MPC-32.

Criticality

Criticality evaluations were performed for the MPC-32/32F with intact
fuel and damaged fuel/fuel debris using the same bounding fuel debris
model developed in HI-STORM Amendment 1 for the MPC-68/68FF and
the MPC-24E/EF. Additional calculations were performed to demonstrate
that this model is conservative in the presence of soluble boron. Details of
the damaged fuel model and calculations are discussed in general in FSAR
Section 6.4.4.2, and calculations for the MPC-32/32F are specifically
addressed in Section 6.4.4.2.6. These proposed FSAR changes may be
found in Attachment 5.

Note that some of the reactivities reported in Tables 6.1.5 and 6.1.6 have
increased slightly, although the corresponding soluble boron requirement
were not changed. This is the result of a more extensive and slightly more
conservative set of evaluations regarding the water density and the fill
status of the guide tubes (see Tables 6.4.10, 6.4.11 and 6.4.14). These
evaluations were necessary for consistency between the assembly classes
and soluble boron levels.

Confinement

There is not impact on the MPC enclosure vessel pressure boundary
design or performance. Therefore, the MPC remains leak tight.

b. The re-formatting of the minimum boron concentration is consistent with
the supporting criticality evaluations. FSAR Section 6.4, and specifically
Section 6A.2.1.2, (Attachment 5) contain the details of the supporting
evaluations., Users who previously may have had to increase the boron
concentration in the spent fuel pool to load an MPC-32, may not need to
do so if their normal spent fuel pool soluble boron concentration is
sufficiently high. The eliminates the radioactive waste produced when
boron concentration is temporarily increased for cask loading and
subsequently decreased for normal pool operation.



U. S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Document ED 5014490
Attacbment 2
Page 5 of 29

Proposed Change No. 3

Certificate of Compliance, Sections l.a and lb:

Revise the wording in these two CoC sections as follows:

a. In Section l.a and the first paragraph of Section L.b, delete the "100 or
100S" designation in the references to the rn-STORM overpack

b. In the second paragraph of Section l.b, clarify that some early vintage
MPCs include aluminum heat conduction elements (AHCEs)..

Note: Conforming editorial changes to the affected MPC drawings will
be made after approval of this amendment request

c. In the third paragraph of Section L.b, delete all information pertaining to
the authorized contents of each MPC model and add a statement defining
the suffix to the MPC model number.

d. In the fourth paragraph of Section L.b, change the word 'types" to "sizes"
in two places in reference to the HI-TRAC transfer cask.

e. In the fifth paragraph of Section Lb: i) clarify the description of the
differences between the HI-STORM 100S and HI-STORM 100 overpacks,
ii) specify number of overpack air inlets and outlets as minimums, and iii)
delete the terms "standard" and "short" from the discussion of HI-STORM
100.-

Reason and Justification for Proposed Changes

a. These changes for the overpack description are proposed for consistency
with the discussion of the HI-TRAC transfer cask and MPCs in these
portions of the CoC.

b. For those MPCs loaded under CoC Amendment 2 or later, the AHCEs are
prohibited because they have not been included in the thermal evaluation
model. In the thermal evaluation for those MPCs loaded under the
original CoC or Amendment 1, the aluminum heat conduction elements
were conservatively modeled as a flow restriction, but no credit was taken
for heat transfer through them in the bounding thermal analysis presented
in FSAR Revision 1; therefore, the AHCEs are optional equipment for
MPCs loaded under the original CoC or Amendment 1. There are a
number of MPCs that are, or will be loaded under the original CoC or
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Amendment 1 that contain AHCEs. Therefore, this proposed change is
consistent with past and future MPCs and the supporting thermal analyses.
Sections 1.2.1.1 and 4.4.I. Lb of the proposed FSAR (Attachment 5) have
been modified appropriately to address this change. See also Proposed
Change No. 22.

c. This information currently duplicates Section 6 of the CoC, which refers
to Appendix B of the CoC for approved contents. Appendix B of the CoC
contains detailed specifications for the contents of each MPC model,
including all of the information contained in the material proposed for
deletion. This changes eliminates redundancy in the CoC.

d. This wording change provides clarification in distinguishing between the
125-ton and the 100-ton HI-TRAC transfer casks. The term "types" is too
general and subject to misinterpretation. The term "sizes" is more correct
for distinguishing between the 100-ton and 125-ton transfer casks.

e. These wording changes provide i) clarification of the major differences
between the lOOS and 100 overpack designs, ii) flexibility regarding the
number of air inlets and outlets for potential future modifications, and iii)
clarification by removing redundant terms for the HI-STORM 100 and HI-
STORM lOOS overpack designs.

Proposed Change No. 3a

This proposed change has been superseded by Proposed Change No. 22 in
Revision 1 to this LAR. See Section TV of this document.

Proposed Change No. 4

Certificate of Compliance. Appendix A. SR 3.1.1.1. SR 3.1.1.3 and Table 3-1:

a. Revise Surveillance Requirement (SR) 3.1.1.1 and Table 3-1, and relocate
information previously in Table 3-1 to new Table 3-2 as shown in the
attached markup CoC to reflect necessary changes in requirements for
MPC cavity drying.

b. Revise SR 3.1.1.3 to remove the helium leakage test requirement.

c. Revise the helium backfill requirements in new Table 3-2 (previously
located in Table 3-1) as shown in the attached mark-up of the CoC.
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Reason for Proposed Changes

a. These proposed changes in MPC cavity drying requirements are necessary
as a consequence of higher authorized heat loads and the new peak fuel
cladding temperature limit suggested by ISG-l 1, Revision 21. There are
now a variety of requirements and options based on the decay heat load of
the MPC and the burnup of fuel being stored (i.e., moderate burnup versus
high burnup fuel).

b. This reflects the designation of the MPC as leak tight in accordance with
the guidance in ISG-18.

c. This proposed change is a result of lessons learned in the field on
implementing the current helium backfill pressure requirement of 29.3 to
-33.3 psig. Due to the accuracy of instruments available for performing
this activity in then field, more precision was required in establishing the
appropriate range in the Technical Specifications.

Justification for Proposed Changes

a. The proposed changes in MPC cavity drying requirements create the
necessary controls to ensure the peak-fuel cladding temperature limit of
4000C is not exceeded during short term loading operations. They also
provide optional requirements (fuel cladding hoop stress calculations) for
MPC containing all moderate burnup fuel (< 45,000 MWD/MTU) to all
the fuel cladding temperature to approach the previous licensing basis
limit of 570TC during vacuum drying, for heat loads up to those already
licensed in Amendment 1 to the CoC. Any WAPC containing one or more
high burnup fuel assemblies must be dried using the forced helium
dehydration method, in which case the 4000C temperature limit is ensured
for all authorized heat loads. See proposed changes to FSAR Section 4.5
in Attachment 5 and Holtec calculation HI-2033054, being provided under
separate cover, for details of the thermal analyses.

b. Human factors improvement.

c. The TS requirements for helium backfill more accurately. account for the
potential range -of instrument accuracies in the field, the different MPC
cavity drying methods, and the supporting thermal analyses. The thermal
analyses evaluate a lower bound helium backfill value that ensures a

The modified MPC cavity drying requirements also reflect the fiel cladding hoop stress
calculation option to retain the 5700C temperature limit for moderate burnup fuel (< 45,000 MWD/MTU).
This is expected to be consistent with the soon-to-be-published ISG-I 1, Revision 3.
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sufficient density of helium is in the MPC to promote adequate
thermosiphon heat transfer. They also evaluate an upper bound value to
ensure the MPC design pressure is not exceeded. See proposed changes to
FSAR Section 4.4.1 in Attachment 5 for additional justification.

Proposed Change No. 5

Certificate of Compliance. Appendix A. LCO 3.1.3 and associated Bases in FSAR
Appendix 12.A:

Revise this LCO and associated Technical Specification Bases as shown in the
attached markup of the CoC and FSAR Appendix 12.A to:

a. Provide appropriate requirements for ensuring MPC cavity bulk helium
temperature is less than 200 degrees F prior to re-flooding, instead of the
existing "helium gas exit temperature." Revise associated bases in the
FSAR accordingly.

b. Change the Completion time of Required Action A.2 from 22 hours to
"Immediately."

Reason for Proposed Changes

a. Using a forced helium recirculation system to cool the MPC cavity gas for
low decay heat load casks may be unnecessary in the unlikely event that
an MPC must be unloaded. This change provides appropriate flexibility
for users who may have to unload an MPC with a low decay heat load.

b. This change is required as a result of the new, lower peak fuel cladding
temperature limit of 4000C during short-term operating conditions,
including unloading operations.

Justification for Proposed Change

a. Depending upon the decay heat in the cask at the time of unloading, it may
not be necessary to cool the contained helium with a recirculating helium
cooldown system prior to re-flooding with water. The helium temperature
of very low decay heat load casks could be less than 200 degrees F at the
time of re-flooding with no action required. Alternatively, adequate
cooling of the helium inside the MPC may be able to be accomplished by
non-intrusive means, such as air or water applied to the outside surface of
the MPC.
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The bulk temperature of the helium in the MPC and the fuel cladding
itself, is predicted using a computational fluid dynamics computer
program (FLUENT, FSAR Chapter 4) to license the cask for normal, off-
normal, and accident conditions of storage. These same analytical
techniques, accepted as the basis for loading operations and long-term fuel
storage, can be used to predict the bulk helium temperature of an MPC
designated for unloading. The actual characteristics of the MPC contents
(i.e., fuel type, presence of non-fuel hardware, time in storage) can be used
to conservatively predict the bulk helium temperature prior to re-flooding.
The results of that prediction would then be used to determine the
appropriate means (if any are necessary) and time frame to cool the bulk
helium down to 2000 F prior to re-flooding in order to minimize thermal
stress in the fuel cladding.

b. The thermal analyses described in FSAR Section 4.5 indicate that there are
threshold decay heat loads below which MPCs may be emplaced in the
HI-TRAC transfer cask without supplemental cooling. Above these
threshold decay heat loads, supplemental cooling is required while in a HI-
TRAC transfer cask. FSAR Section 4.5 addresses specific examples of
supplemental cooling. However, the particular type of augmented cooling
is necessarily site-specific and is left to the user to determine, using the
thermal methodologies in the HI-STORM FSAR.

Proposed Change No. 6

Certificate of Compliance. Appendix A. LCOs 32.1 and 3.2.3: Action B.1 of
LCO 3.1.2; and Section 5.0:

Delete LCOs 3.2.1 and 32.3 and associated bases in FSAR Appendix 12A and |
replace them with new Technical Specification Program 5.7 for radiation
protection, located in CoC Appendix A, Section 5.0. Modify the Required Action
in LCO 3.1.2 to conform with this change.

Reason for Proposed Change

The current Required Actions for LCOs 3.2.1 and 3.2.3 do not lead to an end
point that results in compliance with the LCO requirements. For example, if dose
rates on the HI-TRAC transfer cask exceed one of the LCO 3.2.1 limits, Required
Actions A.1 and A.2 of that LCO require the cask user to administratively verify
correct fuel loading and to perform an evaluation to verify compliance with 10
CFR 20 and 10 CFR 72, respectively. Once these actions are complete,
operations are permitted to continue, yet the cask surface dose rates would remain
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out of compliance with the LCO limits. The same logic applies to LCO 3.2.3 for
r-STORM overpack dose rates.

In addition, this change is proposed to be consistent with the guidance of
NUREG-l745, "Standard Format and Content for Technical Specifications for 10
CFR Part 72 Cask Certificates of Compliance" and with many plants' Part 50
technical specifications. General licensees' radiation protection programs that
implement the ALARA philosophy are considered sufficient to protect operations
personnel and the public and to ensure compliance with regulatory dose limits.

The program description also includes specific requirements on determining site-
specific cask contact dose rate limits based on the licensee's evaluation performed
pursuant to 10 CFR 72.212. These additional requirements provide continued
NRC control over certain aspects of any shielding analyses and evaluations
performed to demonstrate compliance with off-site dose limits and in support of
changes made under the provisions of 10 CFR 72.48.

Justification for Proposed Change

There are no numerical regulatory limits on contact dose rates from a spent fuel
storage cask in 10 CFR 72 or 10 CFR 20. For normal and off-normal operations,
however, general licensees must demonstrate compliance with 10 CFR 72.104 for
dose at the controlled area boundary. Compliance with 10 CFR 72.104 is site-
specific, based on the dose rate from reactor operations, contents of the casks, the
number of casks at the ISFSI, local meteorology, and the distance to the site
boundary. The contact dose rate limits in current LCOs 3.2.1 and 3.2.3 serve no
function for licensees in demonstrating compliance with 10 CFR 72.104.

Compliance with surface dose rate limits in the Technical Specifications (TS), or
elsewhere, are not a reliable indicator of proper cask loading or consistency with
the site-specific off-site dose analysis. Specifically, if a measured cask surface
dose rate exceeds the cask TS value, certainly a mis-loading has occurred.
However, measuing a surface dose rate less than the limit in no way assures that
all contents loaded meet the CoC requirements. This is because the actual
contents of a cask loaded at a given general licensee's facility will never match
the bounding design basis contents used in the licensing basis shielding analyses.
Individual fuel assemblies or non-fuel hardware not meeting the CoC could be
loaded with the overall effect on dose rate being insignificant. The administrative
controls used to select and document fuel assemblies and non-fuel hardware
chosen for loading in a cask (equivalent to those used to store fuel in a plant's
spent fuel pool) are the only reliable way to ensure the fuel loading requirements
of the CoC are met.
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Contact dose rates from the casks are a factor in determining occupational
exposures during cask loading operations. Occupational exposure regulatory
limits are set by 10 CFR 20 and exposures to personnel are generally controlled to
even lower limits through the users' ALARA-based radiation protection
programs. The dose rates to personnel from a loaded HI-STORM overpack or HI-
TRAC transfer cask are necessarily site-specific, and cask specific, based on the
particular contents of the cask. Part 50 licensees are well-versed at handling
radioactive containers, many of which emit much higher levels of radiation than a
dry storage cask. Therefore, these requirements are more appropriately controlled
through a Technical Specification program.

See also the response to RAI Question 10-3 in Attachment 1.

Proposed Change No. 7

Certificate of Coqpliance. Appendix B. Section 1.0. Definitions: Table 2.1-1.
Note I in Sections L TV. V. VII. and Vm: and Note 3 of Table 2.1-8

Revise the definition of NON-FUEL HARDWARE as shown in the attached
mark-up of the CoC to include vibration suppressor inserts. Revise the subject
notes as shown to allow the storage of vibration suppressor inserts as integral non-
fuel hardware that may be stored in the MPC with a fuel assembly.

Reason for Proposed Change

Vibration suppressor inserts have been identified by a number of Holtec's clients
as non-fuel hardware that is integral to the fuel assemblies and must be qualified
for storage. Vibration suppressor inserts were added by certain fuel vendors as a
design feature to address a vibration-induced failure problem in operating
reactors.

Justification for Proposed Change

The vibration suppressor inserts contain no fissile material and have been
evaluated-as activated hardware (BPRAs). See Section 5.2.4 of the proposed
FSAR changes (Attachment 5) for additional information. Table 2.1-8 of CoC
Appendix B has been modified to include the vibration suppressor inserts with the
existing approved fuel insert burnups and cooling times.

Proposed Change No. 8
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Certificate of Compliance. Appendix A. LCO 3.3.1: Appendix B. Table 2.1-1.
Section IV: and Appendix B. Table 2.1-2:

Increase the maximum authorized initial enrichment for PWR damaged fuel and
fuel debris to 5.0 wL% as shown in the attached mark-ups of the CoC

Reason for Proposed Change

PWR users have damaged fuel and fuel debris up to 5 wL% initial enrichment that
needs to be placed into dry storage.

Justification for Proposed Change

Damaged fuel and fuel debris up to 5.0 wL% 235J has been evaluated and found
to be acceptable for loading in the PWR MPCs. See Sections 6.4.4.2.5 and
64.4.2.6 in the attached proposed FSAR changes for detailed justification.

Proposed Change No. 9

Deleted

Proposed Change No. 10

Certificate of Compliance, Appendix B. new proposed Section 2.3:

Provide a process for the certificate holder to request and receive NRC approval
of case-specific alternatives to the cask contents on behalf of a cask user, as
shown in the attached markup of the CoC.

Reason for Proposed Change

To provide necessary flexibility for the NRC to review and approve, upon request
by Holtec, small deviations from the cask contents limits in the CoC that have
been shown to have little or no safety significance. This change process will
eliminate the need for licensees to request exemptions from the regulations or
significantly delay their fuel loading schedules for small, non-safety significant
changes to the CoC cask contents on a case-specific basis.

Justification for Proposed Change

This proposed change is consistent with NUREG-1745, "Standard Format and
Content for Technical Specifications for 10 CFR Part 72 Cask Certificates of
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Compliance." NUREG-1745 also suggests moving some of the cask contents
limits to the FSAR. However, Holtec has chosen to leave all cask contents
parameters the same as currently found in the CoC (although some of the values
for those parameters are proposed to be changed in this amendment request). This
is conservative since a CoC amendment would still be necessary to permanently
change any of the parameters (or the values) in the CoC, including any case-
specific changes approved by the NRC under this process. The flexibility
permitted by this proposed change is appropriate because there may be instances
where cask users' fuel or other contents have slight deviations from the limits in
the CoC. where there is little or no safety concern with granting the deviation on a
case-specific basis.

This change process allows Holtec to support our customers' fuel loading
schedules without the users having to request exemptions from the regulations for
small deviation from the approved contents section of the CoC. Holtec will then
pursue a permanent change to the parameter or value on a normal priority
schedule, using the CoC amendment process. Overall, this change process
eliminates unnecessary regulatory burden in an area of little or no safety
significance, but retains the requirement for prior NRC approval of cask contents
changes.

Proposed Change No. 11

Certificate of Compliance. Appendix A. LCO 3.1.2 - Required Actions B.2.1 and
B.2.2. and SR 3.1.2.1: and Appendix B. Tables 2.1-1 and 2.1-4 through 2.1-7:

Revise Table 2.1-1, delete Tables 2.1-4 through 2.1-7, and create new Section 2A
in Appendix B as shown in the attached -markup of the CoC to provide new
(higher) limits for fuel assembly decay heat, and for burnup as a function of decay
heat, enrichment, cooling time, and fuel array/class. Modify the Completion
Times for Required Actions B 3.2.1 and B 3.2.2 to reflect the revised blocked
duct accident analysis. Modify the acceptance criterion for temperature
measurement in SR 3.1.2.1 to be 145F to conform to these changes. See also
Proposed Change 15a.

Reason for Proposed Changes

Based on user input, the existing limits unnecessarily penalize certain fuel types
due to only grouping by reactor type (PWR or BWR). The previous limits did not
meet the entire spectrum of users' needs to store fuel with higher heat emission
rates. Other changes are conforming changes made necessary by the higher heat
loads.
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Justification for Proposed Change

Thermal

The previous burnup and decay heat limits were distinguished only by PWR or
BWR fuel type for each MPC model. The revised limits are specified by fuel
array/class and MPC model to provide an improved specificity for the various fuel
types. The new limits appropriately reflect the ability of the HI-STORM 100
System to reject more heat than previously authorized, while still retaining
adequate margins to the various limits (see revised FSAR Section 4.4 in
Attachment 5). Placing the higher burnup fuel in the central core of the basket,
surrounded by lower burnup fuel reduces the overall dose to personnel and the
public from ISFSI operations due to the self-shielding phenomenon of the fuel
assemblies. See proposed revisions to FSAR Section 4.4.1.1.9 (Attachment 5) for
additional justification. The permissible fuel cladding temperature limit used to
determine the maximum cask heat loads are consistent with ISG-1 1, Revision 2.
(see also Proposed Change Number 15a).

Shielding

The shielding analysis in Chapter 5 of the FSAR has been modified to reflect the
changes in the allowable burnup and cooling times by changing all dose rate
calculations using the design basis fuel assemblies, B&Wl5xl5 and GE7x7. The
source terms have also been changed appropriately. The choice of design basis
fuel assembly for the shielding analysis remains the same. Section 5.2 has been
modified slightly to address the fact that the different array classes have different
burnup and cooling times as a result of this change. The design basis assemblies
remain valid because the analysis in Chapter 5 uses the maximum burnup from all
array classes for a given cooling time. This is described in Section 5.1 of the
proposed Revision 2 FSAR (Attachment 5).

In conjunction with calculating the allowable burnups for the different array
classes, Tables 5.2.25 and 5.2.26 have been slightly modified. In Table 5.2.25, the
pellet diameter and resulting uranium loadings of three of the assemblies have
been increased to be consistent with the maximum permissible value in the CoC.
In Table 5.2.26, the 9x9 assembly has been modified to reflect the 9x9 array class
which now has the highest decay heat load for the specified burnup and cooling
time in that table.

In the calculation of the allowable burnups for the different array/classes an
additional change was made in the shielding analysis. Rather than use the same
power level of 40 MW/MTU for all array/classes, the power per assembly was
calculated for each reactor type and increased by 10 or 20% to account for
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potential power uprates for the PWR and BWR plants, respectively. Tables 5.2.25
and 5.2.26 reflect this change as does Section 5.2.5 in Attachment 5.

Accidents

Placing the relatively hotter fuel assemblies in the center of the MPC basket by
design obviates the need to analyze a fuel assembly mis-loading accident. This is
because, as described in FSAR Section 4.4.1.1.9, the inadvertent loading of a
hotter fuel assembly on the periphery is actually more advantageous from a
thermal perspective (i.e., the heat rejection of the cask system would be better
with hotter assemblies on the periphery of the fuel basket). From a shielding
perspective, the mis-loading of an assembly would result in a small, localized
increase in the contact dose rate on the cask and would be imperceptible at the
controlled area boundary.

The -100% air duct blockage accident was re-analyzed for the design basis heat
loads to yield two heat-load-dependent Completion Times in the TS. This re-
analysis is discussed in FSAR Section 11.2.13 (Attachment 5). The results of the
Amendment I analyses show that, for heat loads < 27.74 kW -(the Amendment 1I
maximum heat load), no components reach their short term temperature limit over
the 72-hour duration of the analysis. For a bounding MPC-68 heat load of 35.5
kW in Amendment 2, no components reach their short term temperature limit for
24 hours. The Completion Times for Required Actions B.2.1 and B.2.2 of this
LCO have been revised to reflect these results. Note also that the basis for the
revised Completion Times no longer includes the assumption that the complete
blockage of all inlet ducts occurs immediately after completion of the last
surveillance. This change is consistent with the bases for Completion Times in
power reactor technical specifications, which are developed assuming that the
degraded condition begins at the time the component or system is declared
inoperable2 . It is not required to assume the component or system has been
inoperable since the last successful completion of the Surveillance Requirement.
See also the Bases for LCO 3.1.2 in FSAR Appendix 12.A (Attachment 5).

Proposed Change No. 12

Certificate of Compliance. Appendix B. Tables 2.1-2 and 2.1-3:

Revise the maximum allowable uranium masses for certain fuel assemblies as
shown in the attached markup to the CoC. These changes are made to maintain
consistency with the revised shielding analyses in Chapter 5.

2 This is not to say the actual point of inoperability is not an issue to be investigated through the root
cause evaluation conducted in accordance with the corrective action program, if necessary.
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Reason for Proposed Changes

As Proposed Change 11 discusses, the allowable burnups are being calculated in
this LAR for different array classes rather than a single PWR or BWR array/class.
Explicit analysis has been performed to determine the allowable burnups for each
array/class. The change to the allowable uranium mass loadings is being made to
reflect the actual uranium mass loadings used in the calculation of the allowable
bumups for each array/class.

Justification for Proposed Change

The allowable burnups as a function of cooling time are calculated using the
allowable decay heat as an input. Source term calculations are performed to
determine the bumup that produces the allowable decay heat for a specified
cooling time. One of the key inputs in the source term calculations is the uranium
mass loading. The maximum uranium mass loading has historically been
specified in the CoC for the HI-STORM system and has always been a quantity
derived from the shielding analysis. Therefore, this change is being made to
maintain the uranium mass loading values consistent with the shielding analysis
used to determine the allowable burnups. The maximurn uranium mass loadings
in the CoC are not based on the criticality analysis or the thermal analysis and
changes to these mass values do not reflect changes in the criticality or thermal
areas.
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Proposed Change No. 13

Certificate of Compliance, AppendixL B. Table 2.1-8:

Revise the maximum allowable burnup for non-fuel hardware inserts as shown in
the attached markup to the CoC. These changes are made to maintain consistency
with the revised shielding analyses in Chapter 5.

Reason for Proposed Changes

Feedback from our clients has indicated that the allowable burnups versus cooling
time for some of the non-fuel hardware is unnecessarily restrictive. Therefore, the
allowable bumups for a given cooling time are proposed to be increased for non-
fuel hardware inserts.

Justification for Proposed Change

The allowable burnups for the non-fuel hardware are derived from the shielding
analysis where a maximum activity of Cobalt-60 is specified for the non-fuel
hardware and the burnups are chosen at a given cooling time to assure that the
calculated Cobalt-60 activity remains less than the maximum value used in the
shielding evaluation. In order to increase the burnups for the non-fuel hardware
inserts, the maximum permissible Cobalt-60 activity was increased as identified
in Section 5.2.4 and Table 5.2.31 (Attachment 5). The dose rates reported in
Chapter 5 of the FSAR were modified to account for this increase in source term.

Proposed Change No. 14

Certificate of Compliance. Appendix B. Section 3.3 and Table 3-1:

a. Change "Exceptions" to "Alternatives" throughout the section.

b. Revise Section 3.3 as shown in the attached mark-up of the CoC to clarify
the ASME Code Edition of record for the EII-STORM 100 System. This
clarification is proposed to allow the latest effective versions of ASME
Sections V and IX to govern the performance of non-destructive
examination (NDE) and welding, respectively.

c. Add the new and revised ASME Code alternatives as shown in the
attached markup of the CoC.

d. Add "on a case-specific basis" to the requirements related to alternatives
to the Code as shown in the attached markup of the CoC.
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e. In the second paragraph of the justification for the alternative to Code
Article NB-6 11, change "process" to "results" and add "relevant" before
"findings."

Reason and Justification for Proposed Changes

a. This is an editorial change to make the CoC agree with the regulatory
guidance terminology contained in ISG-10.

b. Code Sections V and IX are periodically revised by the ASME to more
closely reflect the state of the art in NDE and welding. It is prudent to
require the performance of these activities to be in accordance with the
latest techniques endorsed by ASME. This change does not affect the
design or analysis of the storage system in any manner and is consistent
with the current practice of the fabricator of the components governed by
the Code. A requirement has been added to the FSAR and CoC for the
certificate holder to perform a Code reconciliation prior to the fabricator's
adoption of a later edition of Section V or IX

c. These new and revised Code alternatives are needed to reflect the design
drawings and are identical to those previously reviewed and approved by
the NRC under separate cover for certain serial number cask components.
See NRC letters to Holtec dated March 5h and March 7h, 2002.

d. Based on ISG-10, the intent of this flexibility is to authorize additional
Code alternatives on a case-specific basis. This change provides the
necessary clarification.

e. This is an editorial change to make the CoC agree with the regulatory
guidance terminology contained in ISG-4.

Proposed Change No. 15

Certificate of Compliance. Appendix B. Section 3.5:

Revise the text in Appendix B, Section 3.5.1 as shown in the attached markup to
the CoC. These changes are made to maintain consistency with similar wording in
CoC Appendix A, Section 5.5.
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Reason and Justification Proposed Change

This proposed change clarifies the text to state that the Cask Transfer Facility
design criteria requirements do not apply to lifting devices integral to structures
governed by the regulation of 10 CFR 50. Our users have stated that the use of
the word "outside" as currently written in Section 3.5.1 could be misconstrued to
mean anywhere "outdoors", which could include outdoor cranes integral to the
Part 50 facility and governed by Part 50 regulatory requirements. This is not the
intent of this CoC requirement. The intent of the requirement is to distinguish
between 10 CFR Part 50 and Part 72 jurisdiction.

Proposed Change No. 15a

Certificate of Compliance, Appendix A. LCOs 3.1.1. 3.1.2. 3.1.3. and Section 5.6:
and Appendix B. Section 1.0. Section 2.1.2. Section 2.1.3. Tables 2.1-1 through
2.1-3. Tables 2.4-4 through 2.4-8. and new Section 3.4.10:

Revise the affected portions of the referenced CoC sections and tables to reflect
incorporation of the review guidance contained in ISG-l 1.

Reason and Justification Proposed Changes

-These changes reflect the necessary modifications to the CoC to adopt the revised
review guidance contained in ISG-ll, Revision 2. The changes to the CoC are
consistent with the guidance with regard to the authorization for storage of any
fuel cladding material previously approved by NRR for use in a commercial
reactor, the elimination of fuel cladding oxidation thickness as a criterion for
classifying fuel as damaged, the elimination of the confinement source term
penalty factors for high burnup fuel, and the use of a single temperature limit for
long-term storage and short-term operating conditions (e.g., vacuum drying). The
supporting justification for these changes is contained in proposed changes to
FSAR Chapter 4, with conforming changes in FSAR Chapters 1, 2, 5, 8, 10 and
12, and in the thermal-hydraulic calculation package, 1HI-2033054. I
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SECTION H - PROPOSED CHANGES TO THE FSAR

Proposed Change No. 16

Changes to FSAR Chapter 2. Tables 2.2.1 and 2.2.3:

a. Revise the off-normal MPC internal design pressure from 100 psig to 110
psig as shown in FSAR Table 2.2.1 (Attachment 5).

b. Revise the normal temperature limit for the overpack lid top plate as
shown in FSAR Table 2.2.3 from 3500F to 450vF in the attached proposed
FSAR markups (Attachment 5).

Reason for Proposed Change

a and b. Increasing these pressure and temperature limits is necessary to
support the increased thermal loads being proposed elsewhere in
this amendment request

Justification for Proposed Change

a. The off-normal condition is defined as the upset or Level B condition in
the ASME Code for which the allowable stresses are 10% greater than for
normal service conditions. Therefore, the associated permissible pressure
may be increased by 10%.

b. The higher lid top plate temperature has been evaluated and found to be
acceptable. The overpack lid lifting evaluations contained in FSAR
Section 3.4.3.7 address the adequacy of the threaded holes used to lift the
lid for placement on the loaded overpack. This evolution occurs with the
lid at ambient temperature. Therefore, this evaluation is unaffected by this
change.

The change in the design lid material temperature does not affect the
vertical drop or tipover analyses.

The missile impact on the top lid was re-evaluated for the increased lid
plate design temperature. The allowable stress is slightly reduced and the
safety factor is reduced accordingly, but still shows a safety margin of 33
percent. See proposed FSAR Section 3.4.8.1 (Attachment 5) for more
detailed discussion of this event.
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Proposed Change No. 17

Changes to FSAR Chapter 3 and Chapter 7

Delete Appendices 333 thru3 AS in their entirety and re-locate this information to
the supporting calculation package. Create new FSAR Subsections 3.4.4.3.1.8 and
3.4.4.3.1.9 to address some of these calculation results.

Reason and Justification for Proposed Change

These detailed calculations are of a level of detail that is not appropriate for the
FSAR. The supporting calculation packages have been updated as necessary to
include the appropriate information deleted from the FSAR appendices.

Proposed Change No. 18

This proposed change is deleted in light of the issuance of ISG--18 since the
original submittal of this LAR. Please see the response to RAI Question 7-1 in
Attachment 1 to this submittal.

Proposed Change No. 19

Change to FSAR Chapter II

In Section 11.1.4.3, remove discussion of the three-ducts blocked condition.
Remove results currently presented in Table 11.1.2

Reason and Justification for Proposed Change

The three-ducts blocked condition was previously included in the FSAR for
comparison purposes only. This comparison is now being removed. The design
basis off-normal condition is two ducts blocked and the design basis accident
condition (FSAR Section 11 2.13) is all ducts blocked.

Proposed Chanee No. 20

Changes to FSAR Chapter 13

Replace the detailed discussion of the Holtec QA program throughout Chapter 13
with a short discussion of the program and a reference to the current NRC-
approved QA program in Section 13.0 (see Attachment 5). Sections 13.1 through
13.3 and 13.5 are deleted in their entirety. Section 13.4 and Appendices 13.A and
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13.B were removed in FSAR Revision 1 after Revision 13 of the Holtec QA
Program Manual was approved by the NRC.

Reason for Proposed Change

To remove redundant information.

Justification for Proposed Change

The NRC has approved Revision 13 of Holtec's QA program under 10 CFR 71
(Approval 71-0784, Rev. 3). Holtec also uses this QA program to control activities
important to safety that are performed under 10 CFR 72 as permitted by 10 CFR
72.140(d). Including the same, or similar QA program information in FSAR Chapter 13
is unnecessarily redundant. This change is similar to that approved for other Part 72
general certifications (e.g., Fuel Solutions, Docket 72-1026). In accordance with 10 CFR
72.140(d) The Holtec QA program also meets the supplemental recordkeeping
requirements of 10 CFR 72.174 for use under Part 72.
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SECTION IV - NEW CHANGES WITH THE RAI RESPONSE

Proposed Change No. 21

Certificate of Compliance. Various Locations

Make the following editorial changes to the CoC:

a. On the first page of the CoC, delete Inc." from Holtec International's
name.

b. In the third paragraph of Section L.b, change the last word from
"dimensions" to "diameter."

c. Condition 5: In the second sentence, change "safety" to "regulatory."

d. Appendix B, Table 2.1-1: In each ofthe sections for the PWR MPCs
(IPC-24, -24E, -24EF,- 32, and -32F), add or modify an item at the end
of the section that clarifies that neutron sources are not permitted for
storage.

e. Appendix B, Table 2.1-1, Section VLA.lh: Delete "and DFC" from the
fuel assembly weight entries (two places).

f Appendix B, Table 2.1-1, Sections VII and VIII: In Note B, change
"MPC-24E" and "MPC-32" to "MPC-24EF" and "MPC-32F,"
respectively.

g. Appendix B, Table 2.4-3, Note 2: Replace "NON-FUEL HARDWARE"
with "channels."

Reason and Justification for Proposed Changes

a. Editorial. The legal name of Holtec is "Holtec International, a New Jersey
Corporation."

b. Using the term "dimensions" unnecessarily restricts the ability to
potentially change the height of the MPC and other cask components
under the provisions of 10 CFR 72.48, if the need arises. We believe that
the diameter is the only dimension that should be controlled via CoC
amendment.

c. The reviews referred to in this sentence are to be conducted pursuant to 10
CFR 50.59 or 10 CFR 72.48. These reviews are regulatory reviews to
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ascertain whether prior NRC approval is required before the activity can
be implemented. This is not to be confused with the evaluation of the
safety of the activity, which is conducted under the appropriate quality
assurance process (e.g., design control).

d. This is a clarification. No PWR neutron sources have been certified for
storage in the rH-STORM 100 System.

e. Item VIA1 addresses storage of intact BWR fuel in MPC-68FF. DFCs
are not required for intact fuel storage.

f. Editorial

g. "NON-FUEL HARDWARE" is a defined term in Section 1.0 of Appendix
B for PWR fuel inserts. The term does not apply to the BWR MPC-
68/68FF. "Channels" is the appropriate term.

Proposed Change No. 22

Certificate of Compliance. Condition 11:

Modify the language in CoC Condition 11 as shown in the attached marked up
CoC to address component certification and use. This change also prompted a
conforming change to Section lb in the discussion pertaining to the aluminum
heat conduction elements.

Reason for Proposed Change

This change is requested to clarify the intent of this CoC condition as it relates to
amended CoCs and hardware certified to different CoC amendments.

Justification for Proposed Change

Over time, licensee users of the rI-STORM 100 System may receive licensed
hardware components (MPC, overpack, and transfer cask) fabricated and certified
to any of the approved amendments to the CoC. Unless specifically prohibited by
the CoC, any component certified to any CoC amendment may be used with any
other component certified to any amendment of the CoC, provided the CoC
holder has confirmed the design compatibility of each licensed component for the
applicable CoC amendment. For example, licensees receive one M-TRAC
transfer cask, which would have been certified to the CoC amendment effective at
the time of fabrication. Unless specifically prohibited by the CoC, that HI-TRAC
transfer cask may be authorized for use under any later amendment of the CoC
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provided the CoC holder has performed the design compatibility assessment and
certified to the licensee that this compatibility exists. This change is necessary to
address a future potential concern with configuration control and component
compatibility if, for example, an MPC is transported to the federal repository and
the licensee wishes to re-use the "old" overpack in which that MPC was
previously stored.

Proposed Change No. 23

Certificate of Compliance. Appendix A. Table 3-1 and Appendix B. Section
3.6.2.4

Modify the MPC drying acceptance criterion applicable to the use of the Forced
Helium Dehydration (FHD) System to include an alternative measurement of gas
dew point exiting the MPC to confirm a partial water vapor pressure of 3 torr or
less in the MPC.

Reason for Proposed Change

As part of Holtec's prototype deployment of the FHD system at the Trojan Plant
site, it was determined that an alternative, more direct measurement of the gas
condition exiting the MPC was appropriate to consider.

Justification for Proposed Change

A dew point of the gas exiting the MPC of < 22.90F for > 30 minutes corresponds
to a partial water vapor pressure of 3 torr, which is the accepted dryness limit for
spent fuel storage casks per NUREG-1536, Section 8.V.l.

Proposed Change No. 24

Certificate of Compliance. Appendix B. Table 3-1. "List of ASME Code
Alternatives":

a. In the "alternative, justification, & compensatory measures" column for
Code Article NB-61 11, replace the word "hydrostatically" and
"hydrostatic" with "pressure" (two places).

b. In the "alternative, justification, & compensatory measures" column for
Code Articles NF-3256 and NF-73266, remove the term "by an'*'."

Reason and Justification for Proposed Changes
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a. ASME Section III, Subsection NB, Article NB-61 10 requires a pressure
test of the vessel. The pressure test may be a hydrotest or, provided
certain criteria are met, a pneumatic test. This change is proposed to allow
users the option to use the flexibility that the Code already offers for
pressure testing vessels. A conforming change to FSAR Table 2.2.15
(ASME Code Alternatives) is also proposed in support of this CoC
change. It is not a change to the Code alternative itself, since the Code
already allows either type of pressure testing.

b. The type of notation used on the design drawings to indicate "non-NF'
welds is not germane to the justification or compensatory measures
associated with this Code alternative.

Proposed Change No. 25

CoC Appendix B. Section 3.2.6

Modify the language in this CoC section as shown in the attached marked-up CoC
to remove specific reference to fuel spacers.

Reason and Justification for Proposed Change

The intent of the requirement is to ensure the active fuel region of the fuel
assemblies is positioned within the neutron absorber region of the fuel storage
cell. The method by which this accomplished should be left to the designer.

Proposed Change No. 26

CoC Avvendix B. Section-3.4.3

Clarify the manner in which the equation used to determine whether the site may
deploy free-standing casks is executed, as shown in the attached marked-up CoC.

Reason for Proposed Change

Use of Zero Period Accelerations (ZPAs) in this equation is unnecessarily
conservative and an alternative approach has been requested by a HI-STORM
System user. In addition, two criteria must be met with this equation, namely,
incipient sliding, where the value of "le' is the coefficient of friction between the
overpack and the ISFSI pad, and incipient tipping, where the value of "p7 is the
ratio of the cask radius to the height of the cask center-of-gravity above the ISFSI
pad surface.
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Justification for Proposed Change

The intent of the equation is to verify that there will be no incipient tipping or
sliding of the cask under the site-specific seismic condition at the ISFSL
Therefore, both definitions of "Ip must be evaluated. Use of ZPA values is a
bounding approach, but may be overly conservative, particularly for those site
where the ISFSI may already be constructed. See proposed changes to FSAR
Section 3.4.7.1 for the detailed justification.

Proposed Change No. 27

Certificate of Compliance. Appendix B. Section 3.6.3

Modify the FSAR section numbers called out in this technical specification to
state Section 4.4, rather than the detailed subsection numbers.

Reason and Justification for Proposed Change

The level of specificity of the existing section numbers is unnecessary.

Proposed Change No. 28

FSAR Tables ID.1I and 2.2.3

Modify the design temperatures of the MPC shell, overpack concrete, and Holtite
neutron shield material as shown in the attached markup of FSAR Appendix 1 .D
and Section 2.2.

Reason and Justification for Proposed Changes

These design temperature increases are necessary as a consequence of the revised
thermal analysis, where calculated temperatures exceeded the previous design
temperatures. This change expands existing Proposed Change No. 16b.

The increase in the MPC shell normal design temperature has been evaluated and
found to be acceptable from a structural perspective (see FSAR Sections 3.1 and
3.4.4.3.1.2 and Table 3.4.6 for the results of the structural evaluations of this
change). The increase in the overpack concrete temperature is based on a
provision in NUREG-1536, Section 3.V.2.b.i(2)(c)2, which allows a local
temperature limit of up to 3000 F "if Type 11 cement is used and aggregates are
selected which are acceptable for concrete in this temperature range." The
creation of a short-term temperature limit for Holtite-A which is used only in the
HI-TRAC transfer cask, is based on test data summarized in Holtec Report HI-
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2002396, Revision 3. This report was submitted to the NRC in May, 2003 on
Docket 71-9261.

Proposed Change No. 29

FSAR Tables 2.2.6 and 2.2.7:

The above-referenced SAR tables are proposed to be modified to clarify the Code
applicability for the MPC basket and basket angle supports. The MPC basket and
basket angle supports are governed by ASME m, Subsection NG. This change
clarifies that, based on their design finction, the basket is considered a core
support structure pursuant to Article NG-1 121 and the angle supports are
considered internal structures pursuant to Article NG-1 122.

Reason for Proposed Change

To remove ambiguity regarding the applicability of ASME Section m, Subsection
NG, Article NG-1 120 to these components.

Justification for Proposed Change

Article NG-I 121 defines core support structures as "those structures or parts of
structures which are designed to provide direct [emphasis added] support or
restraint of the core (fuel and blanket assemblies) within the reactor pressure
vessel. Structures which support or restrain the core only after the postulated
failure of core support structures are considered to be internal structures."

Article NG- 1122 defines internal structures as "all structures within the reactor
pressure vessel other than core support structures."

The MPC fuel basket provides direct support of the fuel assemblies appropriately
classified as a core support structure under Article NG-1121. The MPC basket
angle supports do not provide direct support of the fuel and are, therefore,
classified as internal structures under Article NG-1 122.
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Holtec International
Holtec Center
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Safety Analysis Reporthe -t -,

Holtec International *ne; Final SafeVAtalysis Report for the HI-STORM 'IQ. Cask System
Docket No. 72-1 014 ?'

CONDITIONS - ' Sl - p?_v ,

This certificate Is conditioned upon fulfilling the Sqirerments 6f_4 YFx Par[T2, es applitble4,t attached pndi'
A (Technical Specifications),a;nd Appendix B (Approved Conintrs'and Ddeign Features), and the conditions specified
below. >]

1. CASK ^ . -

a. Model No.: Hi-ST6RM100~ ystem : :

The HI-STORM 100-Cask Systenibf e casI)cn dlowingbm ponents: II) interchangeable
multi-purpose canisters lMPCs),ih A, 'contain theuel; ) a strage ,overpack (0I4T-ORM 100-or-400S).
which contains te MPG during storage; and (3)'a. 'VIn.4fet ask 1,1TiRAC), whi ccontains the MPC
during loading, unloadingnd P6transfer operaons he h stores up to 32 p Uesurized water reactor
(PWR), fuel assemblies or 68bofling water react6& (BWR) fuel assemblies.-

b. Description 9

The HI-STORM 100 Cask System is certifieds UdestrIbedd Finthe`Ffial Safety Analysis Report (FSAR) and in
the U. S. Nuclear Regulatory Commission's (NRC) Safety Evaluation Report (SER) accompanying the
Certificate of Compliance. The cask comprises three discrete components: the MPCs, the HI-TRAC transfer
cask, and the HI-STORM 400 or 1600 storage overpack. --

The MPC Is the confinement system for the stored fuel. It Is a welded, cylindrical canister with a
honeycombed fuel basket, a baseplate, a lid, a closure ring, and the canister shell. It Is made entirely of
stainless steel except for the neutron absorbers and optionsl aluminum heat conduction elements (AHCEs),
which are installed in some early-vintage MPCs. The canister shell, baseplate, lid, vent and drain port cover
plates, and closure ring are the main confinement boundary components. The honeycombed basket, which
is equipped with Ekx'al neutron absorbers, provides criticality control.

I '
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1. b. Description (continued)

There are seen eight types of MPCs: the MPC-24, MPC-24E, MPC-24EF, MPC-32, MPC-32F, MPC-68,
MPC-68F, and MPC-68FF. The numbersuffixindicates the maximum number offuel assembliespeimitedto
be loaded in the MPC. The MPC-Z4 and MaPG-32 hold up to 24 and 32 PWR fuel asscmblies, respectively, that
must be intact The MPC-24E holds up to 24 PWR fuel assembiies, up to four of which may be classifled as
dam aged el assemblies. The MPy 24EF holds up to 24 tWR uel assemblies, tp to four of wh..h ma.y b
classified as damaged Nel aseomblies or in the fbrm of fiue debris. The MPG 68 holds up to 68 BWR Wec
as3emblies that may be intact or damaged (i.e., with known or su3pected cladding defects greater than hairline
cracks or pinholes). The number of damaged fuel as3emblies is limited to sixteen unless they are Dresden
Unit 4 or Humboldt Bay Fuei assemblies. The MPA68F holds up to 68 Dresden Unit I or Hu l4_boldt Bay BWR
fuel assemblies that may be intact, damaged, with up to four in the form of fuel debris (i.e., with known or
suppectd defe!ts such as ruptured fuel reds, severed fuel reds, and loos; fdel pellets). The MPl or8F holds
up to 68 BWR fuel assernblies, up to sixteen ofwhleh npb casfidaAMmg ulorfe debris. A
maximum of eignt Fuel assemblies mayrn el 'i rWmioreucl debris ARd ruel to be stored in the HIi 5TRM 100
System must comply with the limite sFi&fled iAppcndix B to tfi CoCTA se eight MPC models have the
same external dim endMnsdiamqter.,'ik

The HI-TRAC transfer cask provides shielding and structural protection of the MPC during loading, unloading,
and movement of the MPG from the spent fuel pool to the storage overpack. The transfer cask is a multi-
walled (carbon steelilead/ca bon steel) cylindrical vessel with a water jacket attached to the exterior. Two
typessizes of HI-TRA6trd'nsfer casks are available: the 125 ton-HI-TRACand the'100 ton HI-TRAC. The
weight designation is the maximum ight of a loaded transfer cask du"ng any lading ,unloading or transfer
operation. Both transfer cask idpesses have ientical cavity diamet'ert,,The 125 ton HI-TRAC transfer cask
has thicker lead andwater shielding d etouter.difnensions bth e 100 ton HI-TRAC transfer cask.

The HI-STORM 1006r 1 OOS storagv ac provides shieldinig 'structural protection of the MPC during
storage. The HI-SIORM 1IO0Ss is, a d: er6on vaaIoff hI4TRM 100 ove0pack design that
includes with a modified lid hiesg i i Whhincoporae air outlet ducts into the lid, allowing the
overpack body to b& 6ortened.Te ove'rl I t ai hv allod steel aidc6n6nrete, cylindrical vessel. Its side
wall consists of plain (un-reinforc0d)'cncret&Ui6fls eilos.dbetween Inner 'nd outer carbon steel shells.
The overpack has a minimum of four airjple'~tJ ottm- an a minairpun of four airoutlets at the top to
allow air to circulate n~1urally through`hc,, to hdl th'e 1 Ihsid CThe inner she llhas channels attached
to its interior surface to guide the MPC diring insertioif aind remo'v%^i provide a flexible medium to absorb
impact loads, and allow cooling air to circulate througl the overpak A loaded MPC is stored within the Hl-
STORM 100 or 1OOS storage loverpack in a vertical brintation. Thie fIl-STORM 700A is a variant of the Hi-
STORM 100 family and is outfitted with an extended baseplate and gussets.to e'nable the overpack to be
anchored to the concrete storage' pad in high seismic applications. The HI-;STORM I 00A applies to both the
standard(I I-STORM 100) and shIotl-(I--TORM 100S) overpacks that are classified as the HI-STORM 100A
and HI-STORM 100SA, respectively.

2. OPERATING PROCEDURES

Written operating procedures shall be prepared for cask handling, loading, movement, surveillance, and
maintenance. The user's site-specific written operating procedures shall be consistent with the technical basis
described in Chapter 8 of the FSAR.

3. ACCEPTANCE TESTS AND MAINTENANCE PROGRAM

Written cask acceptance tests and maintenance program shall be prepared consistent with the technical basis
described in Chapter 9 of the FSAR.
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4. QUAL!lY ASSURANCE

Activities in the areas of design, purchase, fabrication, assembly, Inspection, testing, operation, maintenance,
repair, modification of structures, systems and components, and decommissioning that are important to safety
shall be conducted In accordance with a Commission-approved quality assurance program which satisfies the
applicable requirements of 10 CFR Part 72, Subpart G. and which Is established, maintained, and executed
with regard to the cask system.

5. HEAW LOADS REQUIREMENTS

Each lift of an MPC, a HI-TRAC transfer cask, or a HI-STORM 100 or IOOS overpack must be made in
accordance to the existing heavy loads requirements and procedures of the licensed facility at which the
lift is made. A plant-specific safety review (under 10 CFR 50.59 or 10 CFR 72A8, If applicable) Is required
to show operational compliance with existing platspecifi tesyloads requirements. Lifting operations
outside of structures governed by 10 CER 1rt 40pute Accordance with Section 5.5 of Appendix A
and/or Sections 3A.6 and Section 34 ofAendix B to this Ce t, As applicable.

6. APPROVED CONTENTS - -

Contents of the HI-STORM 100 Cask System must meet the fuel specificationsl oen In Appendix B to this
certificate.

7. DESIGN FEATURES
-_~~~~~ ._ i-c+-s y z4 U,-V- -'--- - - wit Apeni B -'

Features or characteristics for the site,-asik or and iPa inurpt, ... ,aneb In
this certificate. Y \#. g ep

J, 2~~~~

8. CHANGES TO THE CERTIFIC0TE OF-P M

The holder of this cbrtificate v~i4'4 esres to .-mSVt icae ic ,;;ich Includes Appendix A
(Technical Specifications) and& nidix B (Appl vd tenfs and Des eatures) shall submit an
application for amendment of the ilficate E

9. SPECIAL REQUIREMENTS FOR VIRT .SYSTEMS 1Iy4 A -

The heat transfer characteristics of the cask sysi be-ecorded by temperature measurements for the
first HI-STORM Cask Systems ifor each thermally tmriiq APC basket design: -MPC-24t24E124EF, MPC-
-332F, and MPC-68/68F/68FF) placed into service by any user with a heat lad equal to or greater than 10
kW. An analysis shall be performed that demonstrates the temperature measurements validate the analytic
methods and predicted thermal behaviorftescr;bed inChapterA of the PSAR.

Validation tests shall be performed for each subsequent cask system that has a heat load that exceeds a
previously validated heat load by more than 2 kW (e.g., If the initial test was conducted at 10 kW, then no
additional testing is needed until the heat load exceeds 12 kW). No additional testing is required for a system
after it has been tested at a heat load equal to or greater than 16 kW.

Letter reports summarizing the results of each validation test shall be submitted to the NRC in accordance with
10 CFR 72.4. Cask users may satisfy these requirements by referencing validation test reports submitted to
the NRC by other cask users.

I I
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10. PRE-OPERATIONAL TESTING AND TRAINING EXERCISE

A dry run training exercise of the loading, closure, handling, unloading, and transfer of the HI-STORM 100
Cask System shall be conducted by the licensee prior to the first use of the system to load spent fuel
assemblies The training exercise shall not be conducted wit spent fuel in the MPC. The dry run may be
performed In an alternate step sequence from the actual procedures, but all steps must be performed. The dry
run shall Include, but Is not limited to the following:

a. Moving the MPC and the transfer cask into the spent fuel pool.

b. Preparation of the HI-STORM 100 Cask System for fuel loading.

c. Selection and verification of specific fuel assemblies to ensure type conformance.

d. Loading specific assemblies an~d plabirg assenibli into the 3MPC (using a dummy fuel assembly),
including appropriate indepepdtverification.

e. Remote installation of thfi MPC lid and removal of the MPC and transfer cask from the spent fuel pool.

f. MPC welding, NDE inspections, hydrost pressur testing, draining, moisture removal (by vacuum
drying or forced helium dehydration, as applicable), and helium backfilling. ad leakage testi.g. (A
mockup may be used for thisd-run exercise.)

a. Transfer cask upendIng/dowfntding on the horizontal transfdt trailer or other transfer device, as
applicable to the site's cask hanidlig 6ran ern`O,

h. Transfer of the MPC from the transfet cask to he Qverlaci.i

I. Placement of the HI-ST4.fW 1I Cast System at the iSFSI

j. HI-STORM 100 Cask t Unoi Includin fuel es, fl MPC cavity,
removing MPC lid welds (A mlckup maybe Lused for This dry-run exercise.)

- ~~~~~ ~ ~ 7 r-' g~~

11. AUTHORIZATION

The HI-STORM 100 Cask SyVtem, which is authorized by is cerifilcate, is hereby approved for general use
by holders of 10 CFR Part 50 licenses for nuclear reactors at reactor sites under the general license issued
pursuant to 10 CFR 72.210, subject to the conditions specified by 10 CFR 72.212, and the attached Appendix
A and Appendix B. MAThe HI-STORM 100 Cask Systems must may be fabhcated and used in accordance with
any approved amendment to CoC No. 1014 listed in 10 CFR72.214.-Each of the icensed HI-STORM 100
System components rle., the MPC, overpack and transfer cask), iffabricated in accordance with different
CoC amendments, may be used with one another provided the CoC does not specifically prohibit their use with
each other, and a design compatibility assessment is performed by the CoC holder. Amendment No. 1; exeept
that general licensea ma, use the II ST)TORM 100 Cask Systems that were fabricated in accrdane with the
original Go&.

FOR THE U. S. NUCLEAR REGULATORY COMMISSION

E. William Brach, Director
Spent Fuel Project Office
Office of Nuclear Material Safety

and Safeguards
Attachments:
1. Appendix A
2. Appendix B
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Multi-Purpose Canister (MPC)
3.1.1

3.1 SFSC INTEGRITY

3.1.1 Multi-Purpose Canister (MPC)

LCO 3.1.1 The MPC shall be dry and helium filled.

APPLICABILITY: d During TRANSPORT OPERATIONS and STORAGE
OPERATIONS.

ACTIONS
LI^TC

II I r_-

Separate Condition entry is allowed for each MPC.

COMPLETIONCONDITION REQUIRED ACTION TIME

A. MPC cavity vacuum A.1 Perform an engineering 7 days
drying pressure or evaluation to determine the
demoisturizer exit gas quantity of moisture left in
temperature limit not the MPC.
met

AND

A.2 Develop and initiate
corrective actions necessary 30 days
to return the MPC to an
analyzed condition.

B. MPC helium backfill B.1 Perform an engineering 72 hours
limit not met. evaluation to determine the

Impact of helium differential.

AND

B.2 Develop and initiate 14 days
corrective actions necessary
to return the MPC to an
analyzed condition.

Certificate of Compliance No. 1014
Appendix A 3.1.1-1



Multi-Purpose Canister (MPC)
3.1.1

ACTIONS
(continued)

CONDITION REQUIRED ACTION COMPLETION

C. MPG helium leak rate 1 an Vngineering 24 hours
imit not met. evaluaten to detenmine the

impact of increased helium
leak rate on heat removal
capability and offsite dose.

AND

C.2 Develop and initiate 7 days
corrective actions necessary
to rturnthe MPG to an
analyzed eondition.

C. Required Actions and C.1 Remove all fuel assemblies 30 days
associated Completion from the SFSC.
Times not met.

I I

Certificate of Compliance No. 1014
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Multi-Purpose Canister (MPC)
3.1.1

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY
4

.. . .. ... _W _*_!_ _ _| __ _ J.SR 3.1.1.1 I �r ?f��fl� 1"!. 1 �m -- nntnin-i nil m�-Inrnt l-,immr�I 1.11IJ %DJ vi ~ ~ IIUIl SWIGII I I& ILI0%%&L SIA L Pb 611%EjI i~

MPOC cavity' vacuum drying presreI ithin the

GR

Once, prior to
TRANSPORT
OPERATIONS

I
I
I
I
I

For those MPCs containing fuel assemblies of
any authorized bumup, while using the
recirculating helium method to dehydrate the
MPG eavity, verify that the gas temperature

ALt. a... LA ...... - ftIfO -Inf
VAlILS&1 U IWUVJQI MAQW1 llS.-l IQ C LI r Fuel S em

Verify that the MPC cavity has been dried in
accordance with the applicable limits in Table 3-1.

I
I
I

SR 3.1.1.2 Verify MPC helium backfill density or pressure Once, prior to
quantity is within the limit specified in Table 342 TRANSPORT
for the applicable MPC model. OPERATIONS

SR 31.1.3 Verify that the totle helium leek rate thohe neeprior to
MPC lid confinement weld and the drain and vent TRANSPORT
port confinement welds is less than the limit OPERATIONS
specified in Table 3-1 for the applicable MPC
model.

I
I

I
I
I

Certificate of Compliance No. 1014
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SFSC Heat Removal System
3.1.2

3.1 SFSC INTEGRITY

3.1.2 SFSC Heat Removal System

LCO 3.1.2

APPLICABILITY:

The SFSC Heat Removal System shall be operable

During STORAGE OPERATIONS. -

ACTIONS
NOTE-

Separate Condition entry Is allowed for each SFSC.

COMPLETIONCONDITION REQUIRED ACTION TIME

A. SFSC Heat Removal A.1 Restore SFSC Heat Removal 8 hours
System inoperable. System to operable status.

B. Required Action A.1 and B.1 Prform SR 3.2.3.4. Measure Immediately and
associated Completion SFSC dose rates in once per 12 hours
Time not met. accordance with the Radiation thereafter

Protection Program.

AND

B.2.1 Restore SFSC Heat 4864 hours, if MPC
Removal System to heat load is
operable status. < 28.74 kW

OR

16 hours, if MPC
heat load is
> 28.74 kW

OR

B.2.2 Transfer the MPC Into a 4864 hours, ff
TRANSFER CASK. MPC heat load is

< 28.74 kW

OR

16 hours, if MPC
heat load is
> 28.74 kW

Certificate of Compliance No. 1014
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SFSC Heat Removal System
3.1.2

SURVEILLANCE REQUIREMENTS
1*

SURVEILLANCE FREQUENCY
I.

SR 3.1.2.1 Verify all OVERPACK inlet and outlet air ducts are
free of blockage.

24 hours

24 hours

OR

For OVERPACKS with installed temperature
monitoring equipment, verify that the difference
between the average OVERPACK air outlet
temperature and ISFSI ambient temperature is
< 426145*F.

Certificate of Compliance No. 1014
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Fuel Cool-Down
3.1.3

3.1 SFSC INTEGRITY

3.1.3 Fuel Cool-Down

LCO 3.1.3 The MPC cavity bulk helium exit temperature shall be < 2000 F I

NOTE
The LCO is only applicable to wet UNLOADING OPERATIONS.

APPLICABILITY: UNLOADING OPERATIONS prior to re-flooding.

ACTIONS
NOTE

Separate Condition entry is allowed for each MPC.

CONDITION REQUIRED ACTION COMPLETION

A. MPC cavity bulk herium A.1 Establish MPC cavitybulk Prior to initiating
gas-e temperature not helium gas temperature MPC re-flooding
within limit within limit, operations

AND

A.2 Ensure adequate heat 22 hours
transfer from the MPC to the Immediately
environment

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.1.3.1 VefEnsure via analysis ordirectmeasurement Prior to MPC re-
of MPC exit gas temperature that MPC cavity flooding
bulk helium gasext temperature is within limit, operations.

Certificate of Compliance No. 1014
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Deleted TRANSFtFI UA5K Average 5urrace Bass Rate3
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I

AGTI(NN-

GeIRNge REQUJIREDf Affl GGMPLEPIGN

B. Roquirod Asctio BndD ReoRnov all fuel assembies 30-day
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I
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Transfer Cask Average Surface Dose Rates
3F2.1

FIGURE 3.21 1 INffENTIONAjj DEEE
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OVERPACK Average Surface Dose Rates
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Boron Concentration
3.3.1

3.3 SFSC CRITICALITY CONTROL

3.3.1 Boron Concentration

LCO 3.3.1 As required by CoC Appendix B, Table 2.1-2, the concentration of boron
in the water in the MPC shall meet the following limits for the applicable
MPC model and the most limiting fuel assembly arrayilass and
classification to be stored In the MPC: I
a. MPC-24 with one or more fuel assemblies having an initial

enrichment greater than the value in Table 2.1-2 for no soluble boron
credit and < 5.0 wt% mU: > 400 ppmb

b. MPC-24E or MPC-24EF (allJINTACTFUEL ASSEMBLIES) wnth one
or more fuel assemblies having an initial enrichment greater than the
value in Table 2.1-2 for no soluble boron credit and < 5.0 wt% 235U:
> 300 ppmb

I

c. Deleted. MPG-32 wi.th all fu.el v.
4.1 MW ='U-.--~499Gppffb

ssemriblies having an nitia enrchment

d. Deleted. MP 32 with one or mcre fuel
__ --- *__^ - -_X .- np Vm...

assemblies havin~g an. In-ata
-..- _ -,-.... _,

ViIA .III IVIIL~ - T. I -CIIOU Z 1.% TV LIU U LIU.lIU

e. MPC-24E or MPC-24EF (one or more DAMAGED FUEL
ASSEMBLIES or FUEL DEBRIS) with one or more fuel assemblies
having an initial enrichment > 4.0 wt% 2-"U and < 5.0 wt% 235 U:
> 600 ppmb

f. MPC-32132F: Minimum soluble boron as required by the table below.

One or more DAMAGED FUELAll INTACT FUEL ASSEMBLIES ASSEMBLES or FUEL DEBRiS

Fuel Assembly Initial Initial Infital Initial
ArraylClass Enrichment Enrichment Enrichment Enrichment

<4.1 wt% 235 U < 5.0 wt% m U <4.1 wtf 5 U < 5.0 wt%. M U
(ppmb) (ppmb) -(ppmb) (ppmb)

14x14AlBlClDlE 1,300 1,900 1,500 2,300

15xI5AlBICIG 1,600 2,500 1,900 2,700

15x15DIElFIH 1,900 2,600 2,100 2,900

16x16A 1,300 1,900 1,500 2,300

17x17AIBIC 1,900 2,600 - 2,100 2,900

I

I

I

I

I

I
I
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Boron Concentration
3.3.1

APPLICABILITY: During PWR fuel LOADING OPERATIONS with fuel and water in the
MPC

AND

During PWR fuel UNLOADING OPERATIONS with fuel and water in the
MPC.

ACTIONS
NOI

Separate Condition entry is allowed for each M
F_- -

CONDITION REQUIRED ACTION COMPLETION

A. Boron concentration not A.1 Suspend LOADING Immediately
within limit. OPERATIONS or

UNLOADING OPERATIONS.

AND

A.2 Suspend positive reactivity Immediately
additions.

AND

A.3 Initiate action to restore boron Immediately
concentration to within limit.

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

---- NOTE- Once, within 4
This surveillance is only required to be performed if the MPC is hours of prior to
submerged in water or if water is to be added to, or recirculated through entering the
the MPC. Applicability of this

_________________ __-- LCO.

SR 3.3.1.1 Verify boron concentration is within the applicable AND
limit using two independent measurements.

Once per 48
hours thereafter.

-I'

I
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MPC Cavity Drying Limits
Table 3-1

I
I
I
I
I

Table 3-1
MPC Cavity Drying Limits (Note 1)

Fuel Bumup MPC Heat Load Method of OfherRequirements
(MWD/IMTL (kV Mo(sture Remo2dal (Notes 4 and 5)

All Assemblies <45, 000 < 9 VDS or FHD None

IF VDS Is used,
All Assemblies c 45,000 >9 and < 10 VDS or FHD annulus water

recirculation is required

If VDS is used, fuel
cadding hoop stress

Aff Assemblies < 45,000 > 9 and < 17 VDS or FHD shafl be shown by
analysis to be < 90

MPa

AllAssemblies < 45,000 > 17 and < 38 FHD None

One or more assemblies <38 FHD None
> 45,000 c 38 FHD None

Notes:

1. If the limits in two or more rows apply, the user may choose one set of limits to
implement

2. VDS means Vacuum Drying System. The acceptance criterion for VDS is MPC cavity
pressure shaft be < 3 tor for > 30 minutes.

3. FHD means Forced Helium Dehydration System. The acceptance criterion for the FHD
System is gas temperature exiting the demoisturizer shall be < 21°F for > 30 minutes or
gas dew point exiting the MPC shall be < 22.90F for > 30 minutes.

4. Annulus water recirculation means a constant flow of water through the annulus
between the MPC and the Hl-TRAC inner shell during moisture removal operations (i.e.,
beginning prior to 10 tonr descending and ending when helium backfill operations
commence).

5. Fuel cladding hoop stress calculations may be performed using "best estimate Inputs.

Certificate of Compliance No. 1014
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MPC Helium Backfill Mode-lDependent Limits
Table 342

Table 3-42
MPC Helium Backfill Model Dependeit Limits'

MPC MODEL LIMITS

I
I
I
I

4--MPC-24/24E/24EF

a. MP(C Cavii4 Vacuum Drying Pressure

i. Cask Heat Load c 27.77 kW (MPG-24)
or < 28.17 kW (MPC-24E/EF)

II. Cask Heat Load > 27.77 kW (MPC-24)
or > 28.17 kW (MPC-24E/EF)

3e torr for De 30 mien

0.1212 1 0/10 e g-maneal
eR
> 29.3 psig and c 83348.8 psig

> 45.2 psig and < 48.8psig

_ P rsr - -. _ -- I__ - 1 .

e. Eva. I seli..uin Lee Rat e - 6.E- JIstI = trIL"
_ z ,~~~~~~~~~~~

2-MPC-68/68F/68FF

a. MPG Cavity Vrauum Drying Press
b. MPG I Ielium BDakfitr

i. Cask HeatLoad < 28.19 kW

ii. Cask Heat Load > 28.19 kW

Eure c 3 torr for ' 30 min

0.1218 +01-10% g-moles/i
OR
> 29.3 psig and < 93348.8 psig

> 45.2 psig and c 48.8 psig

ec 5.GE- 6 atm cc/sec (lioe

I

I
I
I
I
II �

6-MPC-32132F

a. MPG _avity \'cuum Drying Vressui
b. MPG I lelium Baktfill PressureI

I. Cask Heat Load < 28.74 kW

fi. Cask Heat Load > 28.74 kW

IFI 3 torr for _ 30 min

> 29.3 psig and < 83*48.8 psig

> 45.2 psig and < 48.8 psig

< 5.OE 6 atm cesec (le)

I
I

I

I

I

Helium used for backfill of MPC shall have a purity of > 99.995%. Pressure range is at a
reference temperature of 70°F
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Programs
5.0

5.0 ADMINISTRATIVE CONTROLS AND PROGRAMS

The following programs shall be established, implemented and maintained.

5.1 Deleted.

5.2 Deleted.

5.3 Deleted.

5A Radioactive Effluent Control Program

This program implements the requirements of 10 CFR 72.44(d).

a. The HI-STORM 100 Cask System does not create any radioactive materials or
have any radioactive waste treatment systems. Therefore, specific operating
procedures for the control of radioactive effluents are not required.
Specification 3.1.1, Multi-Purpose Canister (MPC), provides assurance that
there are not radioactive effluents from the SFSC.

b.- This program includes an environmental monitoring program. Each general
license user- may incorporate SFSC operations into their environmental
monitoring programs for 10 CFR Part 50 operations.

c. An annual report shall be submitted pursuant to 10 CFR 72.44(dX3).

(continued)
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Programs
5.0

ADMINISTRATIVE CONTROLS AND PROGRAMS

5.5 Cask Transport Evaluation Program

This program provides a means for evaluating various transport configurations and
transport route conditions to ensure that the design basis drop limits are met For lifting
of the loaded TRANSFER CASK or OVERPACK using devices which are integral to
a structure governed by 10 CFR Part 50 regulations, 10 CFR 50 requirements apply.
This program is not applicable when the TRANSFER CASK or OVERPACK is in the
FUEL BUILDING or is being handled by a device providing support from underneath
(i.e., on a rail car, heavy haul trailer, air pads, etc.).

Pursuant to 10 CFR 72.212, this program shall evaluate the site-specific transport route
conditions.

a. For free-standing OVERPACKS and the TRANSFER CASK, the following
requirements apply:

1. The lift height above the transport route surface(s) shall not exceed the
limits in Table 5-1 except as provided for in Specification 5.5.a.2. Also,
the program shall ensure that the transport route conditions (i.e., surface
hardness and pad thickness) are equivalent to or less limiting than either
Set A or Set B in HI-STORM FSAR Table 2.2.9.

2. For site-specific transport route surfaces that are not bounded by either
the Set A or Set B parameters of FSAR Table 2.2.9, the program may
determine lift heights by analysis based on the site-specific conditions to
ensure that the impact loading due to design basis drop events does not
exceed 45 g's at the top of the MPC fuel basket These alternative
analyses shall be commensurate with the drop analyses descnbed in the
Final Safety Analysis Report for the HI-STORM 100 Cask System. The
program shall ensure that these alternative analyses are documented
and controlled.

(continued)
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Programs
5.0

ADMINISTRATIVE CONTROLS AND PROGRAMS

5.5 Cask Transport Evaluation Program (continued)

3. The TRANSFER CASK or OVERPACK, when loaded with spent fuel,
may be lifted to any height necessary during transportation between the
FUEL BUILDING and the CTF and/or ISFSI pad, provided the rifting
device is designed in accordance with ANSI N14.6 and has redundant
drop protection features.-

4. The TRANSFER CASK and MPC, when loaded with spent fuel, may be
lifted to those heights necessary to perform cask handling operations,
including MPC transfer, provided the lifts are made with structures and
components designed in accordance with the criteria specified in Section
3.5 of Appendix B to Certificate of Compliance No. 1014, as applicable.

b. For the transport of OVERPACKS to be anchored to the ISFSI pad, the
following requirements apply:

1. Except as provided in 5.5.b.2, user shall determine allowable
OVERPACK lift height limit(s) above the transport route surface(s) based
on site-specific transport route conditions. The lift heights shall be
determined by evaluation or analysis, based on limiting the design basis
cask deceleration during a postulated drop event to < 45 g's at the top
of the MPC fuel basket Evaluations and/or analyses shall be performed
using methodologies consistent with those in the HI-STORM 100 FSAR.

2. The OVERPACK, when loaded with spent fuel, may be lifted to any
height necessary during transportation between the FUEL BUILDING
and the CTF and/or ISFSI pad provided the lifting device is designed in
accordance wfth ANSI N14.6 and has redundant drop protection
features.

(continued)
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Programs
5.0

ADMINISTRATIVE CONTROLS AND PROGRAMS

5.5 Cask Transport Evaluation Program (continued)

Table 5-1

TRANSFER CASK and Free-Standing OVERPACK Ufting Requirements

ITEM ORIENTATION LFTING HEIGHT IMIT
(in.)

TRANSFER CASK Horizontal 42 (Notes I and 2)

TRANSFER CASK Vertical None Established (Note 2)

OVERPACK Horizontal Not Permitted

OVERPACK Vertical 11 (Note 3)

Notes: 1. To be measured from the lowest point on the TRANSFER CASK (i.e., the
bottom edge of the cask/lid assemblage)

2. See Technical Specification 5.5.a.3 and 4

3. See Technical Specification 5.5.a.3.

(continued)
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Programs
5.0

ADMINISTRATIVE CONTROLS AND PROGRAMS

5.6 Fuel . .addn -. E LeLik... E *.ua on P a l

A Fuel Cladding Oxide Thickness Evaluation Progrm shall be developed and
implemene to determine the average4 fuel cldi -oxid thick-.ness ofhighl
bumup (; 45,000 MWDJITU) spent nudear fuel assemblies proposed to be
stored in the HI II TORM 10yte.The program may use direct physical

of all significant variables (e.g.. in-ore flux, eyele length and number, powet
history, coolntteprature profile,cool~ant chemistryand metallurgy of the fueI
cladding material) to determine the average oxide thickness on the fuel cladding.
If a predictive methodology is used to determine sverage fuel cladding oxide
thickness, a sufficient number of fuel cladding thickness measurements shall be
made to adequately benchmnark the methodology.

In order to classify a high buup spent fuel asembly as an INTACT FUIEL
ASStEMBLY, the loss of fuel cladding to oxidation must nt increase the fuel

an - fcladdn :hickness ratio above 10.5 for PWR fuel
assemblies or 9.5 for B3WR fuel assemblies. The criterion is met if the computed
or measured average oxidation layer thickness of all fuel rods is less than the
maximum allowable average fuel cladding oxidation thickness. The maximum
-allowable average fuel cladding oxidation layer thickness shall be calculated

.. ___wtn-lown fbnu l-. '

where:

_t. so_ _s,:. ._ _82_..._|_f

,,- mc mHiamum noweeivuc UVcrzagc oxidation laycr thckncs (miommetcrs)

W the applicable madimum allowable fuel cladding innerradiusato fuel
cladding thikness ratio (10.5 or 9.5)

- thc nominal, pr irradiated fuLC cladding thickncs (inchc)

- thc nominal, prc iradiated fucl dadding outcr diametcr (inchc)

A high bumup spn ulassembly shall be considered a DAM~AGED FUEL
ACCEMBLY if th omuc or measured average oxidation layer thickness on
any fuel rod exceeds the limit determined above.,

(continued) I
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Programs
5.0

ADMINISTRATIVE CONTROLS AND PROGRAMS

5.7 Radiation Protection Procram

5.7.1 Each cask usershallensure thatthe Part 50 radiationprotecton program appropriately
addresses dry storage cask loading and unloading, as wel as ISFSI operations, I
including transport of the loaded OVERPACKor TRANSFER CASK outside of facilftes
goveinedby10 CFRPart50. Theradiationprotectionprogram shallinclude apppriate
conftrs formeasunng dose rates, ensuring compliance with applicable regulations, and I
implementing actions to maintain personnel occupational exposures As Low As
ReasonablyAchievable (ALARA). 7his program provides a means to help ensure that
licensees using the HI-STORM 100 System do not Wolate the dose limits in 10 CFR 72
The actions and criteria to be included in the program are provided below.

5.7.2 As part of its evaluation pursuant to 10 CFR 72-212(b)(2)(1)(C), the licensee shall }
perfonn an analysis to confirm thatthe dose limits of 10 CFR 72.104(a) will be satisfied
under the actual site conditions and ISFSI configuration, considering the planned |
number of casks to be deployed and the cask contents.

5.7.3 Based on the anasis performedpursuant to Section 7.2, the licensee shall establish
cask surface dose rate limits for the HI-TRAC TRANSFER CASK and he HI-STORM
OVERPACK to be used at the site. Average neutron and gamma dose rate limits shall
be established at the following locations:

a. The top of the TRANSFER CASK and the OVERPACKI
b. The side of the TRANSFER CASK and OVERPACK
c. The average of the inlet and outlet ducts on the OVERPACK

5.7.4 The licensee shall measure the TRANSFER CASK and OVERPACK surface neutron
and gamma dose rates and calculate average values as described in Section 5.7.7 and
5.7.8 for comparison against the limits established in Section 5.7.3.

5.7.5 If the measured average surface dose rates exceed the limits established in Section 1
5.7.3, the licensee shall:

a. Administravely verify that the correct contents were loaded in the corret fuel
storage cell locations.

b. Perform an evaluation to verify whether placement of the as-loaded I
OVERPACK at the ISFSI will cause the dose limits of 10 CFR 72104 to be
exceeded.

5.7.6 ffthe evaluation performedpursuant to Sectfon 5.7.5 shows that the dose limits of 10
CFR 72.104 wl71 be exceeded, appropriate corrective action shall be taken to ensure the
dose limits are not exceeded.
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Programs
5.0

ADMINISTRATIVE CONTROLS AND PROGRAMS

5.7 Radiation Protection Prqram(ont'd|

5.7.7 TRANSFER CASK and OVERPACK surface dose rates shall be measured at
approximately the following bocatirns: |

a. A minimum of 12 dose rate measurements shall be taken on the side of the I
TRANSFERCASKinthreesetsoffourmeasurements. Onemeasurementset
shall be taken approximately at the cask mid-height plane. The second and |
third measurement sets shall be taken approximately 60 inches above and I
below the mid-height plane, respectvely. Within each set, the measurement
locations shall be approximately 90 degrees apart around the circumference of
the cask Dose rates shall be measured between the radial ribs of the water
jacket I

b. A minimum of four (4) TRANSFER CASK top lid dose rates shall be measured |
at oatons approximately half waybetween the edge of the hole in the toplid E
and the outer edge of the top lid, 90 degrees apart around the circumference I
of the top rid.

C. A minimum of 12 dose rate measurements shall be taken on the side of the
OVERPACKin three sets offourmeasurements. One measurementsetshalI
be taken approximately at the cask mid-height plane, 90 degrees apart around I
the circumference of the cask The second and third measurement sets shall 1
be taken approximately 60 inches above and below the mid-height plane, }
respectively, also 90 degrees apart around the circumference of the cask

d. A minimum of ive (5) dose rate measurements shall be taken on the top of the I
OVERPACK One dose rate measurementshallbe taken atapproximately the I
center of the Id and four measurements shall be taken at locations on the top I
concrete shield, approximately half way between Me centerand the edge of the
top shield, 90 degrees apart around the circumference of the lid.

e. A dose rate measurement shall be taken on contact atthe surface of each inlet
and outlet vent duct screen.

5.7.8 The average measured dose rates shall be calculated by summing the individual I
neutron and gamma dose rates measured in Sectons 5.7.7.a through 5.7.7.e and I
dividing bythe totalnumberofmeasurements for thatsecton. The neutron and gamma
dose rates shall be averaged separately.
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Definitions
1.0

1.0 Definitions

IkI^&
IV"1- I r7-

The defined terms of this section appear in capitalized type and are applicable throughout these
Technical Specifications and Bases. ; I

Term Definition

CASK TRANSFER FACILITY
(CTF)

DAMAGED FUEL ASSEMBLY

DAMAGED FUEL CONTAINER
(DFC)

The CASK TRANSFER FACILITY includes the following
* components and equipment (1) a CaskTransferStructure

used to stabilize the TRANSFER CASK and MPC during
lifts involving spent fuel not bounded by the regulations of
10 CFR Part 50, and (2) Either a stationary lifting device or
a mobile lifting device used in concert with the stationary
structure to rift the OVERPACK, TRANSFER CASK, and
MPC

DAMAGED FUEL ASSEMBLIES are fuel assemblies with
known or suspected cladding defects, as determined by a
review of records, greater than pinhole leaks or hairline
cracks, empty fuel rod locations that are not -filled with
dummy fuel rods, or those that cannot be handled by
normal means. Fuel assemblies that cannot be handled by
normal means due to fuel cladding damage are
considered FUEL DEBRIS.

DFCs are specially designed enclosures for
DAMAGED FUEL ASSEMBLIES or FUEL DEBRIS which
permit gaseous and liquid media to escape while
.minimizing dispersal of gross particulates. DFCs
authorized for use in the HI-STORM 100 System are as
follows::

1. Holtec Dresden Unit 1/Humboldt Bay design

2. -Transnuclear Dresden Unit I design

3. HoltecGen-eric BWR design

4. Holtec Generic PWR design

FUEL DEBRIS is ruptured fuel rods, severed rods, loose
- fuel pellets or fuel assemblies with known or suspected

defects which cannot be handled by normal means due to
fuel cladding damage.

FUEL DEBRIS

(continued)
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Definitions
1.0

1.0 Definitions (continued)

INTACT FUEL ASSEMBLY

LOADING OPERATIONS

MINIMUM ENRICHMENT

MULTI-PURPOSE CANISTER
(MPC)

NON-FUEL HARDWARE

INTACT FUEL ASSEMBLIES are fuel assemblies without
known or suspected cladding defects greater than pinhole
leaks or 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).

LOADING OPERATIONS include all licensed activities on
an OVERPACK or TRANSFER CASK while it is being
loaded with fuel assemblies. LOADING OPERATIONS
begin when the first fuel assembly is placed in the MPC
and end when the OVERPACK or TRANSFER CASK is
suspended from or secured on the transporter. LOADING
OPERATIONS does not included MPC transfer between
the TRANSFER CASK and the OVERPACK.

MINIMUM ENRICHMENT is the minimum assembly
average enrichment. Natural uranium blankets are not
considered in determining minimum enrichment.

MPCs are the sealed spent nuclear fuel canisters which
consist of a honeycombed fuel basket contained in a
cylindrical canister shell which is welded to a baseplate, lid
with welded port cover plates, and closure ring. The MPC
provides the confinement boundary for the contained
radioactive materials.

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),
Control Element Assemblies (CEAs), water displacement
guide tube plugs, and, orifice rod assemblies, and
vibration suppressor inserts. I

OVERPACK OVERPACKs are the casks which receive and contain the
sealed MPCs for interim storage on the ISFSI. They
provide gamma and neutron shielding, and provide for
ventilated air flow to promote heat transfer from the MPC
to the environs. The OVERPACK does not include the
TRANSFER CASK.

(continued)
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Definitions
1.0

1.0 Definitions (continued)

PLANAR-AVERAGE
INITIAL ENRICHMENT

SPENT FUEL STORAGE
CASKS (SFSCs)

TRANSFER CASK

TRANSPORT OPERATIONS

UNLOADING OPERATIONS

PLANAR-AVERAGE INITIAL ENRICHMENT is
the average of the distributed fuel rod initial enrichments
within a given axial plane of the assembly lattice.

An SFSC is a container approved for the storage of
spent fuel assemblies at the ISFSI. The HI-STORM 100
SFSC System consists of the OVERPACK and its integral
MPC.

TRANSFER CASKs are containers designed to contain
the MPC during and after loading of spent fuel assemblies
and to transfer the MPC to or from the OVERPACK. The
HI-STORM 100 System employs either the 125-Ton or the
100-Ton HI-TRAC TRANSFER CASK.

TRANSPORT OPERATIONS include all licensed activities
performed on an OVERPACK or TRANSFER CASK
loaded with one or more fuel assemblies when it is being
moved to and from the ISFSI. TRANSPORT
OPERATIONS begin when the OVERPACK or
TRANSFER CASK Is first suspended from or secured on
the transporter and end when the OVERPACK or
TRANSFER CASK is at its destination and no longer
secured on or suspended from the transporter.
TRANSPORT OPERATIONS include transfer of the MPC
between the OVERPACK and the TRANSFER CASK

UNLOADING OPERATIONS include all licensed activities
on an SFSC to be unloaded of the contained fuel
assemblies. UNLOADING OPERATIONS begin whenthe
OVERPACK orTRANSFER CASK is no longersuspended
from or secured on the transporter and end when the last
fuel assembly is removed from the SFSC. UNLOADING
OPERATIONS does not include MPC transfer between the
TRANSFER CASK and the OVERPACK.

ZR ZR means any zirconium-based fuel cladding material
authorized for use in a commercial nuclear power plant
reactor. I
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Approved Contents
2.0

2.0 APPROVED CONTENTS

2.1 Fuel Specifications and Loading Conditions

2.1.1 Fuel To Be Stored In The HI-STORM 100 SFSC System

a. INTACT FUEL ASSEMBLIES, DAMAGED FUEL ASSEMBLIES, FUEL
DEBRIS, and NON-FUEL HARDWARE meeting the limits specified In Table
2.1-1 and other referenced tables may be stored in the HI-STORM 100
SFSC System.

b. For MPCs partially loaded with stainless steel clad fuel assemblies, all
remaining fuel assemblies in the MPC shall meet the decay heat generation
limit for the stainless steel clad fuel assemblies.

C. For MPcs partially loaded with DAMAGED FUEL ASSEM_1BLIES or FUEL
DEBRIS, all remaining Zirfaloy (or other alloy of zirconium) clad INTACT
FUEL ASSEMBLIES in the MPC shall meet the decay heat generation limit
for the DAMAGED FUEL ASSEMBLES. This requirement applies only to
uniform fuel loading.

d. For MPCs partially loaded with array/class 6x6A, 6x6B, 6x6C, 7x7A, or 8x8A
fuel assemblies, all remaining Zircaloy (or other alloy of zirconium) ZR clad
INTACT FUEL ASSEMBLIES In the MPC shall meet the decay heat
generation limits forthe 6x6A, 6x6B, 6x6C, 7x7A and 8x8Afuel assemblies.

e. All BWR fuel assemblies may be stored with or without Zirealoy-(or othe
alloy of zirconium) ZR channels with the exception of array/class IOxIOD
and 1Ox1OE fuel assemblies, which may be stored with or without
ZireaqyZR or stainless steel channels.

2.1.2 Uniform Fuel Loadinq

Any authorized fuel assembly may be stored in any fuel cell location, subject to
other restrictions related to DAMAGED FUEL, FUEL DEBRIS,- and NON-FUEL
HARDWARE specified in the CoC. Prefere.tial fuel loading shall be used during
unifor. loading (i.e., any authorized fuel assembly in any fuel storage location)
whenever fuel assemblies with significantly different post irradiation cooling times
(t 1 year) are to be loaded in the same MPG. Fuel assemblies with the longeSt
post--radiation cooling times sh*l be' l_ aded into fuel storage l_ oions at th
periphery of the basket. Fuel assemblies with shorter post irradiation cooling times
shall be placed toward the center of the basket. Regionalized fuel loading as
described in Technical Specification 2.1.3 below meets the intent of preferential fuel
loading

(continued)
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Approved Contents
2.0

2.0 Approved Contents

2.1 Fuel Specifications and Loading Conditions (cont'd)

2.1.3 Regionalized Fuel Loading

Users may choose to store fuel using regionalized loading in lieu of uniform loading
to allow higher heat emitting fuel assemblies to be stored than would otherwise be
able to be stored using uniform loading. Regionalized loading is limited to those
fuel assemblies with Zrcaloy (or other alloy of zirconium) ZR cladding. Figures 2.1-
1 through 2.1-4 define the regions forthe MPC-24, MPC-24E, MPC-24EF, MPC-32,
MPC-32F, MPC-68, and MPC-68FF models, respectively'. Fuel assembly bumup,
decay heat, and cooling time limits for regionalized loading are specified in Section
24.2. Tables 2.16 and 2.1-7. Fuel assemblies used in regionalized loading shall
meet all other applicable limits specified in Tables 2.1-1 through 2.1-3.

2.2 Violations

If any Fuel Specifications or Loading Conditions of 2.1 are violated, the following actions
shall be completed:

2.2.1 The affected fuel assemblies shall be placed in a safe condition.

2.2.2 Within 24 hours, notify the NRC Operations Center.

2.2.3 Within 30 days, submit a special report which describes the cause of the violation,
and actions taken to restore compliance and prevent recurrence.

2.3 Deviations from Cask Contents Requirements

Proposed alternatives to the contents listed in Section 2.0 may be authorized on a case-
specific basis by the Director of the Office of Nuclear Material Safety and Safeguards or
designee. The request for such alternative contents should demonstrate that:

2.3.1 The proposed aftemative contents wouldprovide an equivalent level of safety and

23.2 Theproposed alternative contents are consistent with the applicable requirements.

l These figures are only intended to distinguish the fuel loading regions.
Other details of the basket design are illustratve and may not reflect the
actual basket design details. The design drawings should be consulted for
basket design details.
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Approved Contents
2.0

2.0 APPROVED CONTENTS

2.3 Deviations from Cask Contents Requirements (cont'd)

2.3.3 Requests for case-specific NRC approval of alternatives to contents shall be
submitted In accordance with 10 CFR 72.4 by the certificate holder. Case-specific
aftematives approved pursuant to this section shag be incorporated permanency
into the CoC by the certificate holderin accordance with 10 CFR 72.244. Requests
made pursuant to this section must meet all of the following requirements:

2.3.3.1 The proposed change must not significantly decrease any safety
margins as described in the HI-STORM 100 System FSAR, as updated.

2.3.3.2 The proposed change may involve only the physical fuel assembly
parameterslistedbelowas specifiedin Tables2.1-1,2.1-2 and/or21-3
of this Appendix:

a. Fuel Assembly Length
b. FuelAssembly Widh
c. FuelAssembly Weight
d. Fuel Rod Clad Outside Diameter (OD)
e. Fuel Rod Clad Inside Diameter (ID)
f. Fuel Pellet Diameter
g. Fuel Rod Pitch
h. PWR GuideAlnstnument Tube Thickness
1. BWR Water Rod Thickness
J. BWR Channel Thickness

2.3.3.3 The proposed change must be required to meet a compelling user need
whereby using the normal certificate amendment process is not
practical.
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REGION 1:

REGION 2:
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FIGURE 2.1-1
FUEL LOADING REGIONS - MPC-24
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FIGURE 2.1-2

FUEL LOADING REGIONS - MPC-24E/24EF
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FIGURE 2.1-3

FUEL LOADING REGIONS - MPC-32/32F
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FUEL LOADING REGIONS - MPC-68/68FF

CERTIFICATE OF COMPLIANCE NO. 1014
APPENDIX B 2-7

M/SAR ICESII-STORM CaC/AKNDME REGUSTSAIAR 1014-2/FI 23134



Approved Contents
2.0

Table 2.1-1 (page 1 of 339)
Fuel Assembly Limits

I

I. MPC MODEL: MPC-24

A. Allowable Contents

1. Uranium oxide, PWR INTACT FUEL ASSEMBLIES listed in Table 2.1-2, wit
or without NON-FUEL HARDWARE and meeting the following specifications
(Note 1):

a. Cladding Type:

b. Initial Enrichment:

Zirealoyg() ZR or Stainless Steel (SS)
as specified in Table 2.1-2 for the
applicable fuel assembly array/class.

As specified in Table 2.1-2 for the
applicable fuel assembly arraylclass.

I

c. Post-irradiation Cooling Time
and Average Bumup Per
Assembly:

i. Array/Classes
14x14D,14x14E, and 15x15G

ii. All Other Array/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
Appendix B ;

Cooling time > 8 years and an average
bumup < 40,000 MWDIMTU.

Cooling time and average bumup as
specified in Section 2.4. Tables 2.1-4hor

As specified in Table 2.1-8.
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Approved Contents
2.0

Table 2.1-1 (page 2 of 339)
Fuel Assembly Umits

I

I. MPC MODEL: MPC-24 (continued)

A. Allowable Contents (continued)

d. Decay Heat Per Assembly:

i. Array/Classes 14x14D,
14x14E, and 15x15G

i All Other Array/Classes

e. Fuel Assembly Length:

f. Fuel Assembly Width:

g. Fuel Assembly Weight:

< 710 Watts

As specified in Section 2.4. Tables 2.1-5
or 2 1-7

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

< 1,680 lbs (including NON-FUEL
HARDWARE)

I
I

B. Quantity per MPC: Up to 24 fuel assemblies.

C. Deleted.

D. Neutron sources, DAMAGED FUEL ASSEMBLIES and FUEL DEBRIS are not
authorized for loading into the MPC-24.

Note 1: Fuel assemblies containing BPRAs, TPDs, WABAs, waterdisplacement guide
tube plugs, or orifice rod assemblies, or vibration suppressor inserts may be
stored in any fuel cell location. Fuel assemblies containing CRAs, RCCAs,
CEAs, or APSRs may only be loaded in fuel storage locations 9, 10, 15,
and/or 16. These requirements are in addition to any other requirements
specified for uniform or regionalized fuel loading.
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Approved Contents
2.0

Table 2.1-1 (page 3 of 339)
Fuel Assembly Limits

I

II. MPC MODEL: MPC-68

A. Allowable Contents

1. Uranium oxide, BWR INTACT FUEL ASSEMBLIES listed in Table 2.1-3, with or
without channels, and meeting the following specifications:

a. Cladding Type:

b. Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

c. Initial Maximum Rod
Enrichment:

Zirealey (Zr) ZR or Stainless Steel (SS) as
specified in Table 2.1-3 for the applicable
fuel assembly array/class.

As specified in Table 2.1-3 for the applicable
fuel assembly array/class.

As specified in Table 2.1-3 for the applicable
fuel assembly array/class.

d. Post-irradiation Cooling Time and
Average Bumup Per Assembly:

i. Array/Classes 6x6A, 6x6C,
7x7A, and 8x8A:

ii. Array/Class 8x8F

iii. Array/Classes 1Ox1OD and
1Ox1OE

iv. All Other Array/Classes

Certificate of Compliance No. 1014
Appendix B

Cooling time > 18 years and an average
bumup < 30,000 MWD/MTU

Cooling time > 10 years and an average
bumup < 27,500 MWD/MTU.

Cooling time > 10 years and an average
bumup < 22,500 MWD/MTU.

As specified in Section 2.4. Tables 2.1-4 or
2. .

I
I
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Table 2.1-1 (page 4 of 339)
Fuel Assembly Limits

I

11. MPC MODEL: MPC-68 (continued)

A. Allowable Contents (continued)

e. Decay Heat Per Assembly:

A. Array/Classes 6x6A, 6x6C,
7x7A, and 8xUA

ii. ArraylClass 8x8F

lii. ArraylClasses 1OxIOD and
1Ox1E

iv. All Other Array/Classes

f. Fuel Assembly Length:

g. Fuel Assembly Width:

h. Fuel Assembly Weight:

Certificate of Compliance No. 1014
Appendix B

<115 Watts

< 183.5 Watts.

< 95 Watts

As specified In Section 2.4. Or

* 176.5 inches (nominal design)

< 5.85 inches (nominal design)

c 700 Ibs, including channels

I
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Table 2.1-1 (page 5 of 339)
Fuel Assembly Limits

I

II. MPC MODEL: MPC-68 (continued)

A. Allowable Contents (continued)

2. Uranium oxide, BWR DAMAGED FUEL ASSEMBLIES, with or without channels,
placed in DAMAGED FUEL CONTAINERS. Uranium oxide BWR DAMAGED FUEL
ASSEMBLIES shall meet the criteria specified in Table 2.1-3 and meet the following
specifications:

a. Cladding Type: Zireabay (M ZR or Stainless Steel (SS) as
specified in Table 2.1-3 for the applicable
fuel assembly array/class.

I

b. Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

i. Array/Classes 6x6A, 6x6C,
7x7A, and 8x8A

ii. All Other Array/Classes
specified in Table 2.1-3

c. Initial Maximum Rod
Enrichment:

As specified in Table 2.1-3 for the applicable
fuel assembly array/class.

4.0 wt% mU

As specified in Table 2.1-3 for the applicable
fuel assembly array/class.

d. Post-irradiation Cooling Time and
Average Bumup Per Assembly:

i. Array/Classes 6x6A, 6x6C,
7x7A,and 8x8A

ii. Array/Class 8x8F

iii. Array/Classes IOxIOD and
1Ox1OE

iv. All Other Array Classes

Certificate of Compliance No. 1014
Appendix B

Cooling time > 18 years and an average
bumup < 30,000 MWD/MTU.

Cooling time > 10 years and an average
burnup < 27,500 MWD/MTU.

Cooling time > 10 years and an average
bumup < 22,500 MWD/MTU.

As specified in Section 2.4. Tables 2.1-4 o
2.i 6. I
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Table 2.1-1 (page 6 of 339)
Fuel Assembly Limits

I

11. MPC MODEL: MPC-68 (continued)

A. Allowable Contents (continued)

e. Decay Heat Per Assembly:

i. Array/Class 6x6A, 6x6C, 7x7A,
and 8x8A

ii. Array/Class 8x8F

lii. ArraylClasses 1 Ox1 OD and
1Ox1OE

iv. All Other Array/Classes

f. Fuel Assembly Length:

i. Array/Class 6x6A. 6x6C, 7x7A,
or 8x8A

ii. All Other Array/Classes

g. Fuel Assembly Width:

i. Array/Class 6x6A, 6x6C, 7x7A,
or 8x8A

ii. Al Other Array/Classes

h. Fuel Assembly Weight:

i. Array/Class 6x6A, 6x6C, 7x7A,
or 8x8A

ii. All Other Array/Classes

Certificate of Compliance No. 1014
Appendix B

<115 Watts

* 183.5 Watts

< 95 Watts

As specified in Section 2.4. Tables 2.1 -
2.

<135.0 inches (nominal design)

5 176.5 inches (nominal design)

< 4.70 inches (nominal design)

< 5.85 inches (nominal design)

< 550 lbs, including channels and DFC

< 700 lbs, including channels and DFC

I
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Table 2.1-1 (page 7 of 339)
Fuel Assembly Limits

I

11. MPC MODEL: MPC-68 (continued)

A. Allowable Contents (continued)

3. Mixed oxide (MOX), BWR INTACT FUEL ASSEMBLIES, with or without
channels. MOX BWR INTACT FUEL ASSEMBLIES shall meet the criteria
specified in Table 2.1-3 for fuel assembly array/class 6x6B, and meet the
following specifications:

a. Cladding Type:

b. Maximum PLANAR-
AVERAGE INITIAL
ENRICHMENT:

c. Initial Maximum Rod
Enrichment:

d. Post-irradiation Cooling Time
and Average Bumup Per
Assembly:

e. Decay Heat Per Assembly:

f. Fuel Assembly Length:

g. Fuel Assembly Width:

h. Fuel Assembly Weight:

Certificate of Compliance No. 1014
Appendix B

Zirealey -P) ZR

As specified in Table 2.1-3 for fuel
assembly array/dass 6x6B.

As specified in Table 2.1-3 for fuel
assembly array/class 6x6B.

Cooling time > 18 years and an average
bumup < 30,000 MWDIMTIHM.

< 115 Watts

< 135.0 inches (nominal design)

< 4.70 inches (nominal design)

< 400 lbs, including channels
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Table 2.1-1 (page 8 of 339)
Fuel Assembly Limits

I

II. MPC MODEL: MPC-68 (continued)

A. Allowable Contents (continued)

4. Miced oxide (MOX), BWR DAMAGED FUEL ASSEMBLIES, with or without
channels, placed in DAMAGED FUEL CONTAINERS. MOX BWR DAMAGED
FUEL ASSEMBLIES shall meet the criteria specified in Table 2.1-3 for fuel
assembly array/class 6x6B, and meet the following specifications:

a. Cladding Type:

b. Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

c. Initial Maximum Rod
Enrichment:

d. Post-irradiation Cooling Time
and Average Bumup Per
Assembly:

e. Decay Heat Per Assembly:

f. Fuel Assembly Length:

g. Fuel Assembly Width:

h. Fuel Assembly Weight:

Certificate of Compliance No. 1014
Appendix B

Zircaloy (Zr) ZR

As specified in Table 2.1-3 for array/class
6x6B.

As specified in Table 2.1-3 for array/class
6x6B.

Cooling time > 18 years and an average
bumup c 30,000 MWD/MTIHM.

< 115 Watts

< 135.0 inches (nominal design)

< 4.70 inches (nominal design)

< 550 lbs, including channels and DFC

I
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Table 2.1-1 (page 9 of 339)
Fuel Assembly Limits

I

II. MPC MODEL: MPC-68 (continued)

A. Allowable Contents (continued)

5. Thoria rods (ThO2 and U02) placed in Dresden Unit 1 Thoria Rod Canisters and
meeting the following specifications:

a. Cladding Type:

b. Composition:

c. Number of Rods Per Thoria Rod
Canister.

d. Decay Heat Per Thoria Rod
Canister

e. Post-irradiation Fuel Cooling Time
and Average Bumup Per Thoria
Rod Canister.

f. Initial Heavy Metal Weight:

g. Fuel Cladding O.D.:

h. Fuel Cladding l.D.:

i. Fuel Pellet O.D.:

j. Active Fuel Length:

k. Canister Weight:

Zirealoy (Zr) ZR

98.2 wL% ThO2, 1.8 wt. % U02 with an
enrichment of 93.5 wt. % MU.

<18

< 115 Watts

A fuel post-irradiation cooling time > 18 years
and an average bumup c 16,000
MWDIMTIHM.

< 27 kg/canister

> 0.412 inches

* 0.362 inches

< 0.358 inches

< 111 inches

< 550 lbs, including fuel

I

Certificate of Compliance No. 1014
Appendix B 2-16
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Table 2.1-1 (page 10 of 339)
Fuel Assembly Limits

11. MPC MODEL: MPC-68 (continued)

B. Quantity per MPC:

1. Up to one (1) Dresden Unit I Thoria Rod Canister,

2. Up to 68 array/class 6x6A, 6x6B, 6x6C, 7x7A, or 8xBA DAMAGED FUEL
ASSEMBLIES In DAMAGED FUEL CONTAINERS;

3. Up to sixteen (16) other BWR DAMAGED FUEL ASSEMBLIES in DAMAGED FUEL
CONTAINERS in fuel storage locations 1,2,3,8,9, 16,25,34,35,44,53,60,61,66,
67, and/or 68; and/or

4. Any number of BWR INTACT FUEL ASSEMBLIES up to a total of 68.

C. Array/Class lOx10D and 10x10E fuel assemblies in stainless steel channels must be
stored in fuel storage locations 19 - 22, 28 - 31, 38 -41, and/or 47 - 50.

D. Dresden Unit I fuel assemblies with one Antimony-Beryllium neutron source are
authorized for loading in the MPC-68. The Antimony-Beryllium source material shall be
in a water rod location.

E. FUEL DEBRIS is not authorized for loading in the MPC-68.

Certificate of Compliance No. 1014
Appendix B 2-17
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Table 2.1-1 (page 11 of 339)
Fuel Assembly Limits

111. MPC MODEL: MPC-68F

A. Allowable Contents

1. Uranium oxide, BWR INTACT FUEL ASSEMBLIES, with or without Areale
f) ZR channels. Uranium oxide BWR INTACT FUEL ASSEMBLIES shall
meet the criteria specified in Table 2.1-3 for fuel assembly array class 6x6A,
6x6C, 7x7A or 8x8A, and meet the following specifications:

I
I

a. Cladding Type:

b Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

c. Initial Maximum Rod
Enrichment:

d. Post-irradiation Cooling Time
and Average Bumup Per
Assembly:

e. Decay Heat Per Assembly

f. Fuel Assembly Length:

g. Fuel Assembly Width:

h. Fuel Assembly Weight:

Certificate of Compliance No. 1014
Appendix B

Zirealoy (Zr) ZR

As specified in Table 2.1-3 for the
applicable fuel assembly array/class.

As specified in Table 2.1-3 for the
applicable fuel assembly array/class.

Cooling time > 18 years and an average
bumup < 30,000 MWD/MTU.

< 115 Watts

< 135.0 inches (nominal design)

< 4.70 inches (nominal design)

< 400 Ibs, including channels

I
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Table 2.1-1 (page 12 of 339)
Fuel Assembly Limits

Ill. MPC MODEL: MPC-68F (continued)

A. Allowable Contents (continued)

I

I
I

2. Uranium oxide, BWR DAMAGED FUELASSEMBLIES,with orwithout;ireaIo
(Zr)ZRchannels, placed in DAMAGED FUEL CONTAINERS. Uranium oxide
BWR DAMAGED FUELASSEMBLIES shall meetthe criteria specified in Table
2.1-3 for fuel assembly array/class 6x6A, 6x6C, 7x7A, or 8x8A, and meet the
following specifications:

a. Cladding Type:

b. Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

c. Initial Maximum Rod
Enrichment:

d. Post-irradiation Cooling Time
and Average Bumup Per
Assembly:

e. Decay Heat Per Assembly:

f. Fuel Assembly Length:

g. Fuel Assembly Width:

h. Fuel Assembly Weight:

Certificate of Compliance No. 1014
Appendix B

Zirealey () ZR

As specified in Table 2.1-3 for the
applicable fuel assembly array/dass.

As specified in Table 2.1-3 for the
applicable fuel assembly array/class.

Cooling time > 18 years and an average
bumup < 30,000 MWD/MTU.

c 115 Watts

* 135.0 inches (nominal design)

c 4.70 inches (nominal design)

< 550 lbs, including channels and DFC

I
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Table 2.1-1 (page 13 of 339)
Fuel Assembly Limits

I

III. MPC MODEL: MPC-68F (continued)

A. Allowable Contents (continued)

3. Uranium oxide, BWR FUEL DEBRIS, with orwithoutZirealay (ZrZRchannels,
placed in DAMAGED FUEL CONTAINERS. The original fuel assemblies for
the uranium oxide BWR FUEL DEBRIS shall meet the criteria specified in
Table 2.1-3 forfuel assemblyarray/dass 6x6A, 6x6C, 7x7A, or8x8A, and meet
the following specifications:

I

a. Cladding Type:

b. Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

c Initial Maximum Rod
Enrichment:

d. Post-irradiation Cooling Time
and Average Bumup Per
Assembly

e. Decay Heat Per Assembly

f. Original Fuel Assembly Length

g. Original Fuel Assembly Width

h. Fuel Debris Weight

Certificate of Compliance No. 1014
Appendix B

Zirealoy (Mr ZR I

As specified in Table 2.1-3 for the
applicable original fuel assembly
array/class. In,

As specified in Table 2.1-3 for the
applicable original fuel assembly
array/class.

Cooling time > 18 years and an average
bumup < 30,000 MWDIMTU for the
original fuel assembly.

< 115 Watts

< 135.0 inches (nominal design)

< 4.70 inches (nominal design)

< 550 lbs, including channels and DFC

1,
2-20
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Table 2.1-1 (page 14 of 339)
Fuel Assembly Limits

III. MPC MODEL: MPC-68F (continued)

A. Allowable Contents (continued)

I

I
4. Mixed oxide (MOX), BWR INTACT FUEL ASSEMBLIES, with or without

-igreoy (Zr) ZR channels. MOX BWR INTACT FUEL ASSEMBLIES shall
- meet the criteria specified in Table 2.1-3 for fuel assembly array/class 6x6B,

and meet the following specifications:

a. Cladding Type:

b. Maximum PLANAR-
AVERAGE INITIAL
ENRICHMENT:

c. Initial Maximum Rod
Enrichment:

d. Post-irradiation Cooling Time
and Average Burnup Per
Assembly:

e. Decay Heat Per Assembly

f. Fuel Assembly Length:

g. Fuel Assembly Width:

h. Fuel Assembly Weight:

Certificate of Compliance No. 1014
Appendix B

Zirealoy A(r) ZR

As specified in Table 2.1-3 for fuel
assembly array/class 6x6B.

As specified in Table 2.1-3 for fuel
assembly array/class 6x6B.

Cooling time > 18 years and an average
bumup c 30,000 MWD/MTIHM.

< 115 Watts

< 135.0 inches (nominal design)

< 4.70 inches (nominal design)

< 400 Ibs, including channels

I
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Table 2.1-1 (page 15 of 339)
Fuel Assembly Limits

Ill. MPC MODEL: MPC-68F (continued)

A. Allowable Contents (continued)

I

I
5. Mixed oxide (MOX), BWR DAMAGED FUEL ASSEMBLIES, with or without

Zircaloy (Zro ZR channels, placed in DAMAGED FUEL CONTAINERS. MOX
BWR DAMAGED FUEL ASSEMBLIES shall meet the criteria specified in Table
2.1-3 for fuel assembly array/class 6x6B, and meet the following specifications:

a. Cladding Type:

b. Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

c. Initial Maximum. Rod
Enrichment:

d. Post-irradiation Cooling Time
and Average Bumup Per
Assembly:

e. Decay Heat Per Assembly

f. Fuel Assembly Length:

g. Fuel Assembly Width:

h. Fuel Assembly Weight:

Certificate of Compliance No. 1014
Appendix B

Zircaloy (Zr) ZR

As specified in Table 2.1-3 for fuel
assembly array/class 6x6B.

As specified in Table 2.1-3 for fuel
assembly array/class 6x6B.

Cooling time > 18 years and an average
bumup < 30,000 MWDIMTIHM.

< 115 Watts

< 135.0 inches (nominal design)

< 4.70 inches (nominal design)

< 550 lbs, including channels and DFC

I
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Table 2.1-1 (page 16 of 339)
Fuel Assembly Limits

Ill. MPC MODEL: MPC-68F (continued)

A. Allowable Contents (continued)

I

I6. Mixed Oxide (MOX), BWR FUEL DEBRIS, with or without Zirgaley (r ZR
channels, placed in DAMAGED FUEL CONTAINERS. The original fuel
assemblies for the MOX BWR FUEL DEBRIS shall meet the criteria specified
in Table 2.1-3 for fuel assembly array/class 6x6B, and meet the following
specifications:

a. Cladding Type:

b. Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

c. Initial Maximum Rod
Enrichment:

d. Post-irradiation Cooling Time
and Average Bumup Per
Assembly:

e. Decay Heat Per Assembly

f. Original Fuel Assembly Length:

g. Original Fuel Assembly Width:

h. Fuel Debris Weight:

Certificate of Compliance No. 1014
Appendix B

Zirealoy (Zr) ZR

As specified in Table 2.1-3 for original
fuel assembly array/class 6x6B.

As specified in Table 2.1-3 for original
fuel assembly array/class 6x6B.

Cooling time > 18 years and an average
burmup < 30,000 MWDIMTIHM for the
original fuel assembly.

<115 Watts

< 135.0 inches (nominal design)

< 4.70 inches (nominal design)

< 550 lbs, including channels and DFC

I
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Table 2.1-1 (page 17 of 339)
Fuel Assembly Limits

I

111. MPC MODEL: MPC-68F (continued)

A. Allowable Contents (continued)

7. Thorfa rods (ThO2 and U02) placed in Dresden Unit 1 Thoria Rod Canisters
and meeting the following specifications:

a. Cladding Type:

b. Composition:

c. Number of Rods Per Thoria Rod
Canister:

d. Decay Heat Per Thoria Rod
Canister:

e. Post-irradiation Fuel Cooling
Time and Average Bumup Per
Thorta Rod Canister

f. Initial Heavy Metal Weight:

g. Fuel Cladding O.D.:

h. Fuel Cladding l.D.:

i. Fuel Pellet O.D.:

j. Active Fuel Length:

k. Canister Weight:

Ziealey (Zr) ZR

98.2 wt.% ThO2, 1.8 wt. % U02 with an
enrichment of 93.5 wt. % MU.

< 18

< 115 Watts

A fuel post-irradiation cooling time > 18
years and an average bumup < 16,000
MWDIMTIHM.

< 27 kg/canister

> 0.412 inches

< 0.362 inches

< 0.358 inches

< 111 inches

< 550 Ibs, including fuel

I

Certificate of Compliance No. 1014
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Table 2.1-1 (page 18 of 339)
Fuel Assembly Limits

Ill. MPC MODEL: MPC-68F (continued)

B. Quantity per MPC (up to a total of 68 assemblies):
(All fuel assemblies must be array/class 6x6A, 6x6B, 6x6C, 7x7A, or 8x8A):

Up to four (4) DFCs containing uranium oxide BWR FUEL DEBRIS or MOX BWR
FUEL DEBRIS. The remaining MPC-68F fuel storage locations may be filled with
fuel assemblies of the following type, as applicable:

1. Uranium oxide BWR INTACT FUEL ASSEMBLIES;

2. MOX BWR INTACT FUEL ASSEMBLIES;

3. Uranium oxide BWR DAMAGED FUEL ASSEMBLIES placed in DFCs;

4. MOX BWR DAMAGED FUEL ASSEMBLIES placed In DFCs; or

5. Up to one (1) Dresden Unit 1 Thoria Rod Canister.

C. Fuel assemblies with stainless steel channels are not authorized for loading in the
MPC-68F.

D. Dresden Unit I fuel assemblies with one Antimony-Beryllium neutron source are
authorized for loading in the MPC-68F. The Antimony-Beryllium source material
shall be in a water rod location.

Certificate of Compliance No. 1014
Appendix B 2-25
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Table 2.1-1 (page 19 of 339)
Fuel Assembly Limits

IV. MPC MODEL: MPC-24E

A. Allowable Contents

1. Uranium oxide, PWR INTACT FUEL ASSEMBLIES listed in Table 2.1-2, with orwithout
NON-FUEL HARDWARE and meeting the following specifications (Note 1):

a. Cladding Type:

b. Initial Enrichment:

ZA-I y-igV-) ZR or Stainless Steel (SS) as
specified in Table 2.1-2 for the applicable
fuel assembly arraylclass

As specified in Table 2.1-2 for the applicable
fuel assembly array/class.

I

c. Post-irradiation Cooling Time and
Average Bumup Per Assembly:

i. Array/Classes 14x14D, 14x14E,
and 15x15G

ii. All Other Array/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
Appendix B

Cooling time > 8 years and an average
bumup : 40,000 MWDIMTU.

As specified in Section 2.4. Tables 2.14 or

As specified in Table 2.1-8.
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Table 2.1-1 (page 20 of 339)
Fuel Assembly Limits

I

IV. MPC MODEL: MPC-24E (continued)

A. Allowable Contents (continued)

d. Decay Heat Per Assembly:

i. Array/Classes 14x14D,
14x14E, and 15x15G

ii. All other Array/Classes

e. Fuel Assembly Length:

f. Fuel Assembly Width:

g. Fuel Assembly Weight:

Certificate of Compliance No. 1014
Appendix B

< 710 Watts.

As specified in Section 2.4. Tables 2.1-5-or
21-7.~~~~~~~~~

< 176.8 inches (nominal design)

c 8.54 inches (nominal design)

< 1,680 lbs (including NON-FUEL
HARDWARE)

I
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Table 2.1-1 (page 21 of 339)
Fuel Assembly Limits

IV. MPC MODEL: MPC-24E (continued)

A. Allowable Contents (continued)

2. Uranium oxide, PWR DAMAGED FUEL ASSEMBLIES, with or without NON-
FUEL HARDWARE, placed in DAMAGED FUEL CONTAINERS. Uranium
oxide PWR DAMAGED FUEL ASSEMBLIES shall meet the criteria specified
in Table 2.1-2 and meet the following specifications (Note 1):

a. Cladding Type:

b. Initial Enrichment:

Ziraloy (Mr) ZR or Stainless Steel (SS)
as specified in Table 2.1-2 for the
applicable fuel assembly array/class

< 4.0 wtJI As specified in Table
2.1-2 for the applicable fuel assembly
array/class.

I

I
I
I

c. Post-irradiation Cooling Time
and Average Bumup Per
Assembly:

i. Array/Classes 14x14D,
14x14E, and 15x15G

ii. All Other Array/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
Appendix B

Cooling time > 8 years and an average
bumup < 40,000 MWD/MTU.

As specified in Section 24. Tables 2.1-4
or 2.1-6.

I
I

As specified in Table 2.1-8.

.1
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Table 2.1-1 (page 22 of 339)
Fuel Assembly Limits

I

IV. MPC MODEL: MPC-24E (continued)

A. Allowable Contents (continued)

d. Decay Heat Per Assembly

I. Array/Classes 14x14D,
14x14E, and 15x15G

ii. All Other Array/Classes

e. Fuel Assembly Length

f. Fuel Assembly Width

g. Fuel Assembly Weight

< 710 Watts.

As specified in Section 2.4. TabIes 2A-5

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

< 1,680 lbs (including NON-FUEL
HARDWARE and DFC)

I
I

B. Quanfity per MPC: Up to four (4) DAMAGED FUEL ASSEMBLIES in DAMAGED
FUEL CONTAINERS, stored in fuel storage locations 3, 6, 19 and/or 22. The
remaining MPC-24E fuel storage locations may be filled with PWR INTACT FUEL
ASSEMBLIES meeting the applicable specifications.

C. Neutron sources and FUEL DEBRIS is are not authorized for loading in the MPC-
24E.

Note 1: Fuel assemblies containing BPRAs, TPDs, WABAs, water displacement guide
tube plugs, or orifice rod assemblies, or vibration suppressor inserts may be
stored in any fuel cell location. Fuel assemblies containing CRAs, RCCAs, CEAs,
or APSRs may only be loaded in fuel storage locations 9, 10, 15, and/or 16.
These requirements are in addition to any other requirements specified for
uniform or regionalized fuel loading.

Certificate of Compliance No. 1014
Appendix B 2-29
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Table 2.1-1 (page 23 of 339)
Fuel Assembly Limits

I

V. MPC MODEL: MPC-32

A. Allowable Contents

1. Uranium oxide, PWR INTACT FUEL ASSEMBLIES listed in Table 2.1-2, with
or without NON-FUEL HARDWARE and meeting the following specifications
(Note 1):

a. Cladding Type:

b. Initial Enrichment:

Zirealoy (Zr) ZR or Stainless Steel (SS)
as specified in Table 2.1-2 for the
applicable fuel assembly array/class

As specified in Table 2.1-2 for the
applicable fuel assembly array/class.

I

c. Post-irradiation Cooling Time
and Average Bumup Per
Assembly

i. Array/Classes 14x14D,
14x14E, and 15x15G

ii. All Other Array/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
Appendix B

Cooling time > 9 years and an average
bumup c 30,000 MWDIMTU or cooling
time > 20 years and an average bumup <
40,000 MWD1MTU.

As specified in Section 2.4. Tables 2.1-4
or 2.1-6.

As specified in Table 2.1-8.

I
I
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Table 2.1-1 (page 24 of 339)
Fuel Assembly Umits

I

V. MPC MODEL: MPC-32 (continued)

A. Allowable Contents (continued)

d. Decay Heat Per Assembly

i. ArraylClasses 14x14D,
14x14E, and 15x15G

ii. All Other Array/Classes

e. Fuel Assembly Length

f. Fuel Assembly Width

g. Fuel Assembly Weight

Certificate of Cornpliance No. 1014
Appendix B

< 500 Watts

As specified in Section 2.4. fables 24-5
or 2.1-7.

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

< 1,680 lbs (including NON-FUEL
HARDWARE)

I
I
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Table 2.1-1 (page 245 of 339)
Fuel Assembly ULmits

I

V. MPC MODEL: MPC-32 (confinued)

A. Allowable Contents (continued)

2. Uranium oxide, PWR DAMAGED FUEL ASSEMBLIES, with or without NON-
FUEL HARDWARE, placed in DAMAGED FUEL CONTAINERS. Uranium oxide
PWR DAMAGED FUEL ASSEMBLIES shall meet the criteria specified in Table
2.1-2 and meet the following specifications (Note 1):

a. Cladding Type:

b. Initial Enrichment:

c. Post-rradiation Cooling rime
and Average Bumup Per
Assembly

i. Array/Classes 14x14D,
14x14E, and 15x15G

it. All Other Array/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
Appendix B

ZR or Stainless Steel (SS) as specified in
Table 2.1-2 fIor the applicable fuel
assembly array/class

As specified in Table 2.1-2 for the
applicable fuel assembly array/class.

Cooling time > 8 years and an average
bumup < 40,000 MWD/MTU.

As specified in Section 2.4.

As specified in Table 2.1-8.

I

I

I
I

I

61
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Table 2.1-1 (page 226 of 339)
Fuel Assembly Limits

I

V. MPC MODEL: MPC-32 (continued)

A. Allowable Contents (continued)

d. Decay Heat PerAssembly

I

I. Array/Classes 14x14D,
14x14E, and 15x15G

ii. Al Other Array/Classes

e. Fuel Assembly Length .

f. Fuel Assembly Width

g. Fuel Assembly Weight

c 500 Watts.

As specified in Section 24.

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

< 1,680 lbs (including NON-FUEL
HARDWARE and DFC)

I

I

I
I

B. Quantity per MPC: Up to eight (8) DAMAGEDFUELASSEMBLIESin DAMAGED
FUEL CONTAINERS, stored in fuel storage locations 1, 4, 5, 10, 23, 28, 29,
and/or-32. The remaining MPC-32 fuelstorage locations maybe filled with PWR
INTACT FUEL ASSEMBLIES meeting the applicable, specification&

I
C. DAMAGED UELASCEMBLlES and h

authorized for loading in the MPC-32.
rimirrn sources andFUEL DEBRIS are not I

I I

I
Note 1: Fuel assemblies containing BPRAs, TPDs, WABAs, water displacement guide

tube plugs, or orifice rod assemblies, or vibration suppressor inserts may be
stored in any fuel cell location. Fuel assemblies containing CRAs, RCCAs, CEAs,
or APSRs may only be loaded in fuel storage locations 13, 14, 19, and/or 20.
These requirements are in addition to any other requirements specified for
uniform or regionalized fuel loading.

Certificate of Compliance No. 1014
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Table 2.1-1 (page 257 of 339)
Fuel Assembly Limits

I

VI. MPC MODEL: MPC-68FF

A. Allowable Contents

1. Uranium oxide or MOX BWR INTACT FUEL ASSEMBLIES listed in Table 2.1-3, with
or without channels and meeting the following specifications:

a. Cladding Type:

b. Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

c. Initial Maximum Rod Enrichment

Zigesloy-(Zr ZR or Stainless Steel (SS) as
specified in Table 2.1-3 for the applicable
fuel assembly array/class

As specified in Table 2.1-3 for the applicable
fuel assembly array/class.

As specified in Table 2.1-3 for the applicable
fuel assembly array/dass.

I

d. Post-irradiation Cooling Time and
Average Bumup Per Assembly

i. Array/Classes WxA, 6x6B,
6x6C, 7x7A, and 8x8A

ii. Array/Class 8x8F

iii. Array/Classes 1 OxI OD and
1Ox1E

iv. All Other Array/Classes

Certificate of Compliance No. 1014
Appendix B

Cooling time > 18 years and an average
bumup < 30,000 MWD/MTU
(or MTUIMTIHM).

Cooling time > 10 years and an average
burnup < 27,500 MWDIMTU.

Cooling time > 10 years and an average
bumup < 22,500 MWD/MTU.

As specified in Section 2.4. Tables 2.1-4 or
2A-6 -I
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Table 2.1-1 (page 268 of 339)
Fuel Assembly Limits

VI. MPC MODEL: MPC-68FF (continued)

A. Allowable Contents (continued)

e. Decay Heat Per Assembly

i. Array/Classes 6x6A, 6X6b, c 115 Watts
6x6C, 7x7A, and 8x8A

Ii. Array/Class 8x8F < 183.5 Watts

iii. Array/Classes I Ox1 OD and < 95 Watts
10x1OE

iv. All Other Array/Classes As specified ir

f. Fuel Assembly Length

i. Array/Class 6x6A, 6x6B, < 135.0 inches
6x6C, 7x7A, or 8x8A

ii. All Other Array/Classes 5 176.5 inches

g. Fuel Assembly Width

i. Array/Class 6x6A, 6x6B, 6x6C, c 4.70 inches
7x7A, or 8x8A

ii. All Other Array/Classes < 5.85 inches

h. Fuel Assembly Weight

i. Array/Class 6x6A, 6x6B, 6x6C, < 550 lbs, inch
7x7A, or Bx8A

ii. All Other Array/Classes c 700 lbs, inch

I

i Section 2.4. Table 2.1- or

I

i (nominal design)

; (nominal design)

(nominal design)

(nominal design)

uding channels end DFG

uding channels and DFG

Certificate of Compliance No. 1014
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Table 2.1-1 (page 2-79 of 339)
Fuel Assembly Limits

I

VI. MPC MODEL: MPC-68FF (continued)

A. Allowable Contents (continued)

2. Uranium oxide or MOX BWR DAMAGED FUEL ASSEMBLIES or FUEL DEBRIS, with
or without channels, placed in DAMAGED FUEL CONTAINERS. Uranium oxide and
MOX BWR DAMAGED FUEL ASSEMBLIES and FUEL DEBRIS shall meet the criteria
specified in Table 2.1-3, and meet the following specifications:

a. Cladding Type: irealey (Zr) ZR or Stainless Steel (SS) in
accordance with Table 2.1-3 for the
applicable fuel assembly array/class.

b. Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

i. Array/Classes 6x6A, 6x6B,
6x6C, 7x7A, and 8x8A.

ii. All Other Array Classes

c. Initial Maximum Rod Enrichment

As specified in Table 2.1-3 for the applicable
fuel assembly array/class.

< 4.0 wt.L% U.

As specified in Table 2.1-3 for the applicable
fuel assembly array/class.

d. Post-irradiation Cooling Time
and Average Burnup Per Assembly:

i. Array/Class 6x6A, 6x6B,
6x6C, 7x7A, or 8x8A

ii. Array/Class 8x8F

iii. Array/Class IOx1OD and
1Ox1OE

iv. All Other Array/Classes

Certificate of Compliance No. 1014
Appendix B

Cooling time > 18 years and an average
bumup < 30,000 MWDIMTU
(or MWDIMTIHM).

Cooling time > 10 years and an average
bumup < 27,500 MWDIMTU.

Cooling time > 10 years and an average
bumup < 22,500 MWD/MTU.

As specified in Section 24. Tables 2.1-4 or
2.1 6. I
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Table 2.1-1 (page 28 30 of 339)
Fuel Assembly Limits

VI. MPC MODEL: MPC-68FF (continued) 0 I I I

A. Allowable Contents (continued) .

I

e. Decay Heat PerAssembly

i. Array/Class 6x6A, 6x6B, 6x6C,
7x7A, or 8x8A

D. Array/Class 8x8F

iii. Array/Classes 10xlOD and
10x10E

iv. All Other Array/Classes

f. Fuel Assembly Length

i. Array/Class 6x6A, 6x6B, 6x6C,
7x7A, or 8x8A

ii. All Other Array/Classes

g. Fuel Assembly Width

i. Array/Class 6x6A, 6x6B, 6x6C,
7x7A, or 8x8A

ii. All Other Array/Classes

h. Fuel Assembly Weight

i. Array/Class 6x6A, 6x6B, 6x6C,
7x7A, or 8x8A

ii. All Other Array/Classes

Certificate of Compliance No. 1014
Appendix B 2

- 115 Watts

< 183.5 Watts

< 95 Watts

As specified in Section 2.4. Tables 2.1 5 or
271

< 135.0 Inches (nominal design)

<176.5 inches (nominal design)

< 4.70 inches (nominal design)

< 5.85 inches (nominal design)

< 550 lbs, including channels and DFC

< 700 lbs, including channels and DFC

I
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Table 2.1-1 (page 29 31 of 339)
Fuel Assembly limits

I

VI. MPC MODEL: MPC-68FF (continued)

B. Quantity per MPC (up to a total of 68 assemblies)

1. For fuel assembly array/classes 6x6A, 6X6B, 6x6C, 7x7A, or 8x8A, up to 68 BWR
INTACT FUEL ASSEMBLIES and/or DAMAGED FUEL ASSEMBLIES. Up to eight
(8) DFCs containing FUEL DEBRIS from these array/classes may be stored.

2. For all other array/classes, up to sbiteen (16) DFCs containing BWR DAMAGED
FUEL ASSEMBLIES and/or up to eight (8) DFCs containing FUEL DEBRIS. DFCs
shall be located only in fuel storage locations 1, 2,3, 8, 9, 16,25,34,35,44, 53,60,
61, 66.67, and/or 68. The remaining MPC-68FF fuel storage locations may be filled
with fuel assemblies of the following type:

i. Uranium Oxide BWR INTACT FUEL ASSEMBLIES; or

iH. MOX BWR INTACT FUEL ASSEMBLIES.

C. Dresden Unit 1 fuel assemblies with one Antimony-Beryllium neutron source are
authorized for loading in the MPC-68FF. The Antimony-Beryllium source material
shall be in a water rod location.

D. Array/Class lOxIOD and lOxlOE fuel assemblies in stainless steel channels must
be stored in fuel storage locations 19 - 22, 28 - 31, 38 -41, and/or 47 - 50.

Certificate of Compliance No. 1014
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Table 2.1-1 (page 302 of 339)
Fuel Assembly Limits

I

Vil. MPC MODEL: MPC-24EF

A. Allowable Contents

1. Uranium oxide, PWR INTACT FUEL ASSEMBLIES listed in Table 2.1-2, with or without
NON-FUEL HARDWARE and meeting the following specifications (Note 1):

a. Cladding Type:

b. Initial Enrichment:

Eircaloy-(Zr) ZR or Stainless Steel (SS) as
specified In Table 2.1-2 for the applicable
fuel assembly array/class

As specified In Table 2.1-2 for the applicable
fuel assembly array/class.

I

c. Post-irradiation Cooling Time and
Average Bumup Per Assembly:

i. Array/Classes 14x14D, 14x14E,
and 15x15G

ii. All Other Array/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
Appendix B 2

Cooling time > 8 years and an average
bumup < 40,000 MWD/MTU.

As specified in Section 2.4. Tables 2.1-4 -

As specified in Table 2.1-8.

I
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Table 2.1-1 (page 3+3 of 339)
Fuel Assembly Limits

I

VII. MPC MODEL: MPC-24EF (continued)

A. Allowable Contents (continued)

d. Decay Heat Per Assembly:

i. Array/Classes 14x14D,
14x14E, and 15x15G

ii. All other Array/Classes

e. Fuel Assembly Length:

f. Fuel Assembly Width:

g. Fuel Assembly Weight:

Certificate of Compliance No. 1014
Appendix B

< 710 Watts.

As specified in Section 2.4. Tables 2.1-5 Or
2.1 .

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

< 1,680 lbs (including NON-FUEL
HARDWARE)

I

2-40



Approved Contents
2.0

Table 2.1-1 (page 324 of 339)
Fuel Assembly Umits

I

VII. MPC MODEL: MPC-24EF (continued)

A. Allowable Contents (continued)

2. Uranium oxide, PWR DAMAGED FUEL ASSEMBLIES and FUEL DEBRIS,
with or without NON-FUEL HARDWARE, placed in DAMAGED FUEL
CONTAINERS. Uranium oxide PWR DAMAGED FUEL ASSEMBLIES and
FUEL DEBRIS shall meet the criteria'specified in Table 2.1-2 and meet the
following specifications (Note 1):

a. Cladding Type:

b. Initial Enrichment:

c. Post-irradiation Cooling Time
and Average Bumup Per
Assembly:

i. Array/Classes 14x14D,
14x14E, and 15x15G

ii. All Other Array/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
Appendix B

Zireagey-(Zr) ZR or Stainless Steel (SS)
as specified in Table 2.1-2 for the
applicable fuel assembly array/class

~-4-0w%-~U As specified in Table
2.1-2 for the applicable fuel assembly
array/dass.

Cooling time > 8 years and an average
bumup < 40,000 MWD/MTU.

As specified in Section 2.4. fTblesb2b4
or 2.1 6.

As specified in Table 2.1-8.

I

I
I
I

I
I
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Table 2.1-1 (page 335 of 339)
Fuel Assembly Limits

VII. MPC MODEL: MPC-24EF (continued)

A. Allowable Contents (continued)

d. Decay Heat Per Assembly

i. Array/Classes 14x14D,
14x14E, and 15x15G

ii. All Other Array/Classes

e. Fuel Assembly Length

f. Fuel Assembly Width

g. Fuel Assembly Weight

< 710 Watts.

As specified in Section 2.4. Tables 2.1-5
or 217.

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

< 1,680 Ibs (including NON-FUEL
HARDWARE and DFC)

I
I

B. Quantity per MPC: Up to four (4) DAMAGED FUEL ASSEMBLIES and/or FUEL
DEBRIS in DAMAGED FUEL CONTAINERS, stored in fuel storage locations 3,
6, 19 and/or 22. The remaining MPC-24EF fuel storage locations may be filled
with PWR INTACT FUEL ASSEMBLIES meeting the applicable specifications.

C. Neutron sources are not authonzed for loading in the MPC-24EF.

Note 1: Fuel assemblies containing BPRAs, TPDs, WABAs, water displacement guide
tube plugs, or orifice rod assemblies, or vibration suppressor inserts may be
stored in anyfuel cell location. Fuel assemblies containing CRAs, RCCAs, CEAs,
or APSRs may only be loaded in fuel storage locations 9, 10, 15, and/or 16.
These requirements are in addition to any other requirements specified for
uniform or regionalized fuel loading.

Certificate of Compliance No. 1014
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Table 2.1-1 (page 36 of 39)
Fuel Assembly Limits

VIII. MPC MODEL MPC-32F

A. Allowable Contents

1. Uranium oxide, PWR INTACTFUEL ASSEMBLIES listedin Table 2.1-2, with
or without NON-FUEL HARDWARE and meeting the following specifications
(Note 1):

a. Cladding Type:

b. Initial Enrichment:

ZR or Stainless Steel (SS) as specified in
Table 2.1-2 for the applicable fuel
assembly array/class

As specified in Table 2.1-2 for the
applicable fuel assembly array/class.

I
I

c. Post-irradiation Cooling Time
and Average Bumup Per
Assembly:

i. Array/Classes 14x14D,
14x14E, and 15x15G

ii. Al OtherArray/Classes

ir. NON-FUEL-HARDWARE

Cooling time > 8 years and an average
bumup c 40,000 MWD/MTU,

As specified in Section 2.4.

As specified in Table 2.1-8.

I

Certificate of Compliance No. 1014
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Table 2.1-1 (page 37 of 39)
Fuel Assembly Limits

I

I
I
I
I

Vil. MPC MODEL: MPC-32F t'cont'd)

A. Allowable Contents (cont'd)

d. Decay Heat PerAssembly

i. Array/Classes 14x14D,
14x14E, and 15x15G

e.

f.

g.

ii. All OtherArray/Classes

Fuel Assembly Length

Fuel Assembly Width

Fuel Assembly Weight

< 500 Wafts.

As specified in Section 2.4.

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

< 1,680 lbs (including NON-FUEL
HARDWARE)

L,
Certificate of Compliance No. 1014
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Table 2.1-1 .(page 38 of 39)
Fuel Assembly Limits

Vil. MPC MODEL: MPC-32F (cont'd)

A. Allowable Contents (cont'd)

2. Uranium oxide, PWR DAMAGED FUEL ASSEMBLIES and FUEL DEBRIS,
with or without NON-FUEL HARDWARE, placed in DAMAGED FUEL
CONTAINERS. Uranium oxide PWR DAMAGED FUEL ASSEMBLIES and
FUEL DEBRIS shall meet the citera specified in Table 2.1-2 and meet the
following specfiscations (Note 1):

a.'Cladding Type:

b. Initial Enrichment:

ZR or Stainless Steel (SS) as specified in
Table 2.1-2 for the applicable fuel
assembly array/class

As specified in Table 2.1-2 for the
applicable fuel assembly array/class.

c. Post-irradiktion Cooling rime
and Average Bumup Per
Assembly:

I
I
I
I

I

Ii. ArraylClasses 14x14Q,
14x14E, and 15x15G

ii. All Other Array/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
Appendix B

Cooling time > 8 years and an average
bumup 540,000 MWD/MTU.

As specified in Section 2.4.

- As specified in Table 2.1-8.
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Table 2.1-1 (page 39 of 39)
Fuel Assembly Limits

Vil. MPC MODEL- MPG-32F (cont'd)

A. Allowable Contents (cont'd)

d. Decay Heat Per Assembly

i. Array/Classes 14x14D,
14x14E, and 15x15G

ii. All Other Array/Classes

e. FuelAssembly Length

f. FuelAssembly Width

g. FuelAssembly Weight

< 500 Watts.

As specified in Section 2.4.

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

< 1, 680 lbs (including NON-FUEL
HARDWARE and DFC)

B. QuantityperMPC: Up to eight (8) DAMAGED FUEL ASSEMBLIES and/orFUEL
DEBRIS in DAMAGED FUEL CONTAINERS, stored in fuel storage locations 1,
4, 5, 10, 23, 28, 29, and/or 32 The remaining MPG-32F fuel storage locations
may be filled with PWR INTACT FUEL ASSEMBLIES meeting the applicable
specifications.

i
I
I
I
I
I

C. Neutron Sources are not authorized for loading in the MPC-32F.

Note 1: Fuel assemblies containing BPRAs, TPDs, WABAs, water displacement guide
tube plugs, orifice rod assemblies, or vibration suppressor inserts may be stored
in any fuel cell location. Fuel assemblies containing CRAs, RCCAs, CEAs, or
APSRs may only be loaded in fuel storage locations 13, 14, 19 and/or 20. These
requirements are in addition to any other requirements specified for uniforn or
regionalized fuel loading.

Certificate of Compliance No. 1014
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Table 2.1-2 (page 1 of 4)
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly 14x14A 14x14B 14x14C 14x14D 14x14E

Clad Material &R5aad Material B ~ ~ZR & ZR Ef ZR - SS SS

Design Initial U
(kglassy.) (Note 3) 3655 49 412 < 426 438 < 400 < 206

Initial Enrichment
(MPC-24, 24E and < 4.6 (24) 'c 4.6 (24) < 4.6 (24) < 4.0 (24) 5 5.0 (24)
24EF without soluble
boron credit) < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
(wt % MU) (24E124EF) (24E124EF) (24E/24EF) (24El24EF) (24E/24EF)
(Note 7) . ._____.

Initial Enrichment
(MPC-24, 24E, 24EF,
32, or 32F with < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
soluble boron credit- 5 5 - _
see Notes 5 end-7)
w%MU) ._.

No.of Fuel Rod 179 179 176 180 173
Locations

Fuel Rod Clad O.D. > 0.400 > 0.417 > 0.440 > 0.422 > 0.3415

Fuel Rod Clad I.D. - 0.3514 < 0.3734 ' 0.3880 < 0.3890 c 0.3175
(in .)_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Fuel Pellet Dia. (In.) < 0.3444 < 0.3659 5 0.3805 < 0.3835 < 0.3130

Fuel Rod Pitch (in.) ' 0.556 < 0.556 -< 0.580 -< 0.556 Note 6

Active Fuel Length < 150 < 150 < 150 < 144 5 102

(in.)~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
No. of Guide and/or 17 17 5(Note4) 16 0
Instrument Tubes

Guidefinstrument
Tube > 0.017 > 0.017 > 0.038 > 0.0145 NIA
Thickness (in.) _

Certificate of Compliance No. 1014
Appendix B 2-47



Approved Contents
2.0

Table 2.1-2 (page 2 of 4)
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly 15x15A 15x15B 15x15C 15x15D 15x15E 15x15F
ArraylClass

Clad Material Zt ZR Z ZR E ZR O ZR Zr ZR i5 ZR
(Nele_ _ _

Design Initial U
(kglassy.) < 464 473 < 464 473 < 464 473 <475 495 < 45 495 < f5 495
(Note 3)

Initial Enrichment
(MPC-24,24E and < 4.1 (24) < 4.1 (24) < 4.1 (24) < 4.1 (24) < 4.1 (24) < 4.1 (24)
24EF without soluble
boron credit) < 4.5 < 4.5 < 4.5 < 4.5 < 4.5 < 4.5
(wt % 23SU) (24EI24EF) (24E124EF) (24E/24EF) (24E124EF) (24E/24EF) (24 E/24EF)
(Note 7)

Initial Enrichment
(MPC-24,24E, 24EF,
32, or 32F with soluble < 5.0 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
boron credit - see -

Notes 5 and-i)
(wt% 

23
U)

No. of Fuen Rod 204 204 204 208 208 208

Fuel Rod Clad 0.D. > 0A18 > 0.420 > 0.417 > 0.430 > 0.428 > 0.428

Fuel Rod Clad l.D. < 0.3660 < 0.3738 < 0.3640 2 0.3800 < 0.3790 < 0.3820
oIn.) _ _ _ _ _ _

Fuel Pellet Dia. (in.) < 0.3580 < 0.3671 < 0.3570 < 0.3735 < 0.3707 < 0.3742

Fuel Rod Pitch (in.) < 0.550 < 0.563 < 0.563 < 0.568 < 0.568 < 0.568

Actfve Fuel Length < 150 < 150 < 150 < 150 < 150 < 150
oIn .)_ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _

No. of Guide and/or 21 21 21 17 17 17
Instrument Tubes

Tube Thickness (in.) > 0.0165 > 0.015 >0.0165 > 0.0150 > 0.0140 > 0.0140

Certificate of Compliance No. 1014
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Table 2.1-2 (page 3 of 4)
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly 15x15G 15x15H . 16x16A - 17x17A 17x17B 17x17C
Arrayl Class ._.

Clad Materal SS ZR E ZR Z ZR Ef ZR Zf ZR

Design Initial U < 420 4
(kg/assy.) < 4 95 < 443 48 < 4 33 4f 474 < 4<4 480
(Note 3)

Initial Enrichment
(MPC-24, 24E, and < 4.0 (24) 53.8 (24) c4.6 (24) < 4.0 (24) < 4.0 (24) :54.0 (24)
24EF without soluble
boron credit) < 4.5 54.2 < 5.0 '4.4 c 4.4 < 4.4
(wt % 235U) E24E124EF) (24E124EF) (24E/24EF) (24E124EF) (24E/24EF) (24E/24EF)
(Note 7) .

Initial Enrichment
(MPC-24, 24E, 24EF,
32, or 32F: wth
soluble boron credit - 55.0 55. 55.0 55.0 _ 55.0
see Notes 5 and7)
(wt% MU) .

No. of Fuel Rod 204 208 236 264 264 264
Locations

Fuel Rod Clad O.D. - 0.422 > 0.414 > 0.382 > 0.360 > 0.372 > 0.377
(in.) _ _ _ _ _ _

Fuel Rod Clad I.D. c 0.3890 c 0.3700 c 0.3320 c 0.3150 c0.3310 c 0.3330
(in.) _ _ _

Fuel Pellet Dia. (in.) C 0.3825 c 0.3622 5- 0.3255 S 0.3088 - 0.3232 c 0.3252

Fuel Rod Pitch On.) 5 0.563 50.568 c0.506 5 0.496 . 0.496 ' 0.502

Active Fuel Length c 144 c150 c 150 C150 < 150 < 150
Qn.) __ _

No. of Guide and/or 21 17 5 (Note 4) 25 25 25
Instrument Tubes

Guide/Instrument
Tube > 0.0145 > 0.0140 > 0.0400 ' 0.016 > 0.014 > 0.020
Thickness (in.)
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Table 2.1-2 (page 4 of 4)
PWR FUEL ASSEMBLY CHARACTERISTICS

Notes:

1. All dimensions are design nominal values. Maximum and minimum dimensions are specified
to bound variations in design nominal values among fuel assemblies within a given array/class.

9 iF
. . . ... . .

AaQi#inP#PQ f-15%fiFfinn mpfiarmv mnade of zirenoum el zirconium al*S, Deleted. I- -

3. Design initial uranium weight is the nominal uranium weight specified for each assembly by the
fuel manufacturer or reactor user. For each PWR fuel assembly, the total uranium weight limit
specified in this table may be increased up to 2.0 percent for comparison with users' fuel records
to account for manufacturer's tolerances.

4. Each guide tube replaces four fuel rods.

5. Soluble boron concentration per LCO 3.3.1.

6. This fuel assembly array/class includes only the Indian Point Unit I fuel assembly. This fuel
assembly has two pitches in different sectors of the assembly. These pitches are 0.441 inches and
0.453 inches.

7. For those MPCs loaded with both INTACT FUEL ASSEMBLIES and DAMAGED FUEL
ASSEMBLIES or FUEL DEBRIS, the maximum initial enrichment of the INTACT FUEL
ASSEMBLIES, DAMAGED FUEL ASSEMBLIES and FUEL DEBRIS is 4.0 wt.% mU.

1,
Certificate of Compliance No. 1014
Appendix B 2-50



Approved Contents
2.0

Table 2.1-3 (page 1 of 5)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly 6x'A 6_x6 6xCC 7X7A 7x7B 8x8A
ArrayfClass__ _ _ __ _ _ _ _

Clad Material f ZR

Design InItial U 110 c 110 c 110 < 100 c495 198 < 120
(kgfassy.) (Note 3) 1 1

Maximum PLANAR- < 2.7 for the
AVERAGE INITIAL UO2 rods.
ENRICHMENT < 2.7 See Note 4 5 2.7 52.7 < 4.2 c 2.7
(WL% MU) for MOX
(Note 14) rods

Initial Maximum Rod
Enrichment 5 4.0 < 4.0 c 4.0 < 5.5 c 5.0 -c 4.0
(wL% MU) _ .

No. of Fuel Rod 35 or 36 (up
Locations - 35 or 36 to 9 MOX 36 49 - 49 63 or 64

rods)

Fuel Rod Clad O.D. > 0.5550 > 0.5625 > 0.5630 > 0.4860 > 0.5630 > 0.4120
(On.) >___ __0 _ __4120__ __ __ _

Fuel Rod Clad l.D. 040 5032Fue.) Rod5Clad !.D. <0.5105 OA945 c 0.4990 s 0.4204 < 0.4990 _ 0.3620(in.) ___

Fuel Pellet Dia. (in.) 5 0.4980 c0.A820 < 0.4880 OA.4110 < 0.4910 5 0.3580

Fuel Rod Pitch (in.) c 0.710 < 0.710 < 0.740 c 0.631 < 0.738 c 0.523

Active Fuel Length 120 120 ; 77.5 c 80 - 150 c120
(in.) __120________ ____0_120

No. of WsbrIRods 1orO I orO 0 0 0 1 orO
(N ote 11)__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Water Rod
Channel Thicknessln.) c 0.060 <0.06 c0.00 0 W0A NIA NIA >0

Channe. Tikns :5.6 - ()60.060 5 0.060 < 0.120 '0.100

I
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Table 2.1-3 (2 of 5)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly 8x8B 8x8C 8x8D 8x8E 8x8F 9x9A
Array/Class__ _ _ _ _ _ _ _ _ ___ _ _ _ _ _ _ _ _

Clad Material Zr ZR & ZR Z ZR Z ZR Er ZR Er ZR

Designy (ntial U < 49152 <491 190 < 49+190 < 49+190 < 191 < 49 180
(kglassy.) (Note 3) - ___

Maxdmum PLANAR-
AVERAGE INITIAL
ENRICHMENT < 4.2 < 4.2 < 4.2 < 4.2 < 4.0 < 4.2
(WL% 5U)
(Note 14)

Initial Maximum Rod
Enrichment c 5.0 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
(wL% MU) _

No. of Fuel Rod 63 or 64 62 60 or 61 59 64 (N4e66)
Locations (oe5

Fuel Rod Clad O.D. > 0.4840 > 0.4830 > 0.4830 > 0.4930 > 0.4576 > 0.4400
(o n .)_ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _

Fuel Rod Clad I.D. < 0.4295 5 0.4250 < 0.4230 < 0.4250 < 0.3996 < 0.3840
(in .) _ _ _ _ _ __ _ _ _ _ _ _ _ _ _

Fuel Pellet Dia. (in.) < 0.4195 < 0.4160 < 0.4140 < 0.4160 < 0.3913 < 0.3760

Fuel Rod Pitch (in.) < 0.642 < 0.641 < 0.640 < 0.640 < 0.609 < 0.566

DesignActiveFuel < 150 < 150 < 150 < 150 < 150 < 150
Length (On.) -

No. of Water Rods orO 2 1 -4 N/A 2
(Note 11) 1_orO _(Note 7) (Note 12) 2

Water Rod Thickness > 0.034 > 0.00 > 0.00 > 0.034 > 0.0315 > 0.00
(in.) I_ _I_ 0.120 IQ001_.0_0502

ChannelmTickness (in.) < 0.120 < 0.120 < 0.120 < 0.100 <50.055 5 0.120

I
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Table 2.14 (page 3 of 5)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly 9x9B 9x9C Bx9D (NoE ox9F
Array/Class _____ ____________ (Note 13) (Note 13)

Clad Material ZRZR

Desin Initial U 479 180 49 12 < 49182 * 79 183 c479 83 < 479 164
(kglas~sy.) (Note 3) ------

Maximum PLANAR-
AVERAGE INITIAL
ENRICHMENT < 4.2 < 4.2 < 4.2 c 4.0 4.0 < 4.2
(wt.% =U)
(N ote 14)__ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _

Initial Maximum Rod
Enrichment < 5.0 '5.0 55.0 c 5.0 < 5.0
(wt% 23 5U) _ - - ..

No. of Fuel Rod807766
Locations 72 80 78 76 76 72

Fuel Rod Clad O.D. -> 0.4330 > 0.4230 > 0.4240 > 0.4170 > 0.4430 > 0.4240

Fuel Rod Clad l.D. '0380 c 0.3640 c 0.3640 < 0.3640 < 0.3860 c 0.3640

Fuel Pellet Dia. (in.) 50.3740 < 0.3565 5 0.3565 < 0.3530 < 0.3745 < 0.3565

Fuel Rod Pitch (In.) < 0.572 < 0.572 < 0.572 < 0.572 c 0.572 0.572

Lengnthi n.) < 150 < 150 < < 1 t50 < 150 < 150

No. of Water Rods 1 (Note 6) 1 2 5 (Note 6)
(Note 1 1) (Note__ __ __ 6___

Water Rod Thickness > 0.00 > 0.020 > 0.0300 > 0.0120 > 0.0120 > 0.0320
(in.) Thicixness (in.) c 0.120 _ 0 000_.0.101

Channel Thickness rin.) 5 0.120 < 0.100 '0.100 < 0.120 <50.120 '.2

I
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Table 2.1-3 (page 4 of 5)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly ArrafyClass 1Ox1OA Ox101B 1OxIOC 1OxIOD | OxIIE

Clad Material (Nrte-2) Er ZR Zr ZR Zr ZR Ss Ss

Design Initial U (kglassy.) (Note 3) < 188 5 188 < 488 179 < 125 | 5 125

Maximum PLANAR-AVERAGE INIAL

(WL% 25U) < 4.2 < 4.2 c 4.2 < 4.0 < 4.0

(Note 14)

Initial Maximum Rod Enrichment < 5.0 < 5.0 c 5.0 < 5.0 c 5.0
(wt.% MU) ________

No. of Fuel Rod Locations 92178 91983 96 100
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ (N ote 8) ( H ats 9)961 08

Fuel Rod Clad O.D. (in.) > 0.4040 > 0.3957 > 0.3780 > 0.3960 > 0.3940

Fuel Rod Clad l.D. (in.) s 0.3520 c 0.3480 < 0.3294 < 0.3560 < 0.3500

Fuel Pellet Dia. (in.) < 0.3455 < 0.3420 c 0.3224 < 0.3500 < 0.3430

Fuel Rod Pitch (in.) < 0.510 < 0.510 < 0.488 < 0.565 0.557

Design Active Fuel Length (in.) 5 150 < 150 < 150 < 83 c 83

No. of Water Rods (Note 11) 2 1 (Note 6) 5 (Note 10) 0 4

Water Rod Thickness (in.) > 0.0300 > 0.00 > 0.031 N/A > 0.022

Channel Thickness (in.) <0.120 < 0.120 < 0.055 < 0.080 < 0.080

I

I
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Table 2.1-3 (page 5 of 5)
BWR FUEL ASSEMBLY CHARACTERISTICS

Notes:

1. All dimensions are design nominal values. Maximum and minimum dimensions are specified to
bound variations In design nominal values among fuel assemblies within a given array/class.

2. esignates eladding material made of zi.rcnium or zirconium alloys Deleted.

3. Design initial uranium weight is the nominal uranium weight specified for each assembly by the fuel
manufacturer or reactor user. For each BWR fuel assembly, the total uranium weight limit specified
In this table may be increased up to 1.5 percent for comparison with users' fuel records to account
for manufacturer tolerances.

4. < 0.635 wt. % 235U and < 1.578 wt. % total fissile plutonium (23NPu and 241Pu), (wt % of total fuel
weight. i.e., U02 plus PuO2).

5. This assembly dass contains 74 total rods; 66 full length rods and 8 partial length rods.

6. Square, replacing nine fuel rods.

7. Variable.

8. This assembly contains 92 total fuel rods; 78 full length rods and 14 partial length rods.

9. This assembly class contains 91 total fuel rods; 83 full length rods and 8 partial length rods.

10. One diamond-shaped water rod replacing the four center fuel rods and four rectangular water rods
dividing the assembly into four quadrants.

11. These rods may also be sealed at both ends and contain Zr material in lieu of water.

12. This assembly is known as nQUAD+.- It has four rectangular water cross segments dividing the
assembly into four quadrants.

13. For the SPC 9x9-5 fuel assembly, each fuel rod must meet either the 9x9E or the 9x9F set of limits
for clad O.D., clad l.D., and pellet diameter.

14. For those MPCs loaded with both INTACT FUEL ASSEMBLIES and DAMAGED FUEL
ASSEMBLIES or FUEL DEBRIS, the maximum PLANARAVERAGE INITIAL ENRICHMENT forthe
INTACT FUEL ASSEMBLIES is limited to 3.7 wt.% 235U, as applicable.

I
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Table 2.14

TABLE DELETED

FUEL: AiSEMBLY COOUINC AD MAMUM AVEAG BURUr

4656. MPG 2 MPG -Z42E MP5424EI2 MPG413 MPG EWF MPG-6F6
bedat WPWR A_ w ssembly PWYR Aem WBWR Assembly BWI ssm

Cooin Assml Buml P uuAgen BPml B~l

nnB umur PNUEG F (DMAED U, Bmp OTG U DMGD

(yea s 9) NAF U ASEBLIS ASSMBIE ANDw UNG_ FUE ASEBI) ASMBLE BA_ _ ND-__

ASSEMBLEe (1WAA FUE6 ES ASSEMBLIES (WFUEL;DBIS)
-(MlilDlhf Rlw (MWVDPff )OAA

-S 4Y9i6N 41,100 892G 22 3.03879

-6 4SjGG9 45S; 43,-7 008 4,0 3,

_7 4Sj9(9 46.389 449 37,500 42.39 40,700

-8 48i3, 48,9 46j919 39;.900 44,800 42j9N

-9 50,0 S0,700 48jW 44.0 46,60 44j49

-4 51,COO10 SO,t09 42,909 80004.

44S.409 S5~397 S2;64,94 9.0 47j209

-42 5.4,599 55.40 52, ~~45,0 S1800 4,0

44 66,5N S7,100 S49 4C,500 S2,70 50,700

> 15 S940 S8j9 55,899 4728 S3;99 S4;SG9

PNeteg: 1. Linear Intcrpolnffon between poh ts Is perinifted.

tho value in UWb table. whichever Is lesq.

I

I

I

I

I

I

I

I
I
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Table 2.1-5

TABLE DELETED I

. L
(UNIFORMb FUEEL MUMDIHC}

Past MPG24 MPGW64E24EF MPG-24E24EF MPG2 MPG-686F MPG6W68FF
f-rditfdon PWRA~eemny PWR Agmbly PWR Asmby PWR Asmbt BWR SWR~ssemb~
Goeeng 4eet 0c DeeyO Dcmcy IHot Asemby Seeany e

Gme 4INTAGI-JEL fNTAGT-FUE (DAMAGED FUE fACT FJE± DecIay t (DAMAGED FU
eresia) AjEM S ASSEMBLIES) ASUS ASSEMBLIES ONWkGT FUE ASBLIES AND

(We"- FUJELDEBRIS) ASSEMBE FUEL=DEBMS)
Wat .~tfat

4457

4423

4939
4M
4929

4OW

. ..

448I

4043

4G33

4026

4445

498

094

084

NW

698

en3

SM

w94

789

785

?2

*69

%66

444

6G4

663

66

658

65

6s3

862

659

848

w4w

698

a64

846

842

a49

886

884

am2

~4

48

±46

096

092

off

083

an

4998

099

094

068

054

049

04S

044

NatcL: 1. Linear Lntapolatin Between points IJ pen-nled-

_& _nc---_-_- f " O rIdiIW~:1W VP fj
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Table 2.1-8 (page 1 of 2)

TABLE DELETED

FUEL ACSEMBLY COOLING AND MAXIMUM AVERIACE BURNUP
(RECIONALIZED FUEL LOADINC)

st-lrred'ation MPG-4 MPG-U Mr} 24MEF MPSc24EM2EF
800oing Tme PWR Assembly PWR Asmbly PWR Asmby PWR Asembly

(yews) Bumup Bumup -Bumup Bum
for Regn 1- forReghin fo Region forReion2

(MWD (MWD~ ) (MWDRATUW (MWDMTU)

; 02, 49800 251,60 3a2, I
;0-6 ~~~66100 3:74O9 58-40O I740
;04 ~~664OO 4*40G9 58,56 41,109

->8 58,8O 43,80 606960 43,80e

-_9 ~~60,40 45,8OG 62,300 45,809I

~~-4G ~64,200 47,5O0 63,80G 4:6O50I

14 ~~~~62,4o 49,O0 64.90O 49,00 I
~~12 SGAOO,:G5040 65,900 5G.4G9

_13 648OG 54500 6,8OG 5450I

~~-14 8~655~0G 52,500 6:7500 52,5OO

;O-M ~ 662GO sa5:F09 68,200 53,:F9

Eg 6 455,0 51O8

~~~~17 ~~~~~~~55,9O 55,9O I
56680 56,8O 4

v49 6:F4800 564,9 8

63>M 6458,00 58&80
Notes: 1. Lnear interpolation between points is permitted.

2. Theoeairmts appiytotiNTACTFrUEL=ASEMBLlEz, DArAGED FUEL ASSEMBLIES, a~dFUEL DEBRI3.
3. Burmup forfuel assemblcawithecladding made ofmraterials othtan Zirealoy-2 or irealoy-4is lirnftod

to 45,000 MWD:MTU er the value in this table, whichever is less.~~~~~~~~~~I
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Table 2.1-6 (page 2 of 2)

TABLE DELETED I

FUEL ASSEMBLY COOLINC GMD MAX
(RECIONALIZED FUEL

II¶1ll" -Wl¶lI Inr 1 WIP l 1 19IT

1IflGAMI IM

Post aG-8G42 M MPO468168FF MPG46868FF
Cooling Tlme PWRAssembl PWR4Asembl BWRAssembly WREn"y

(years -Bumup Buu -Bumnup- ~
fosRegion + for Reg~io2 for Region4 foRe

fMWD~~~~ fMWDIITU (MWDRAT-U) (MWMTU)

*-S 8~96800 22,4094~ 26;200

0-6 ~43,409 26;208 4,400 80,509

44,6e0 29,4e 4,489 63,690

46,7O0 Si200 60,400 8,

48,400 8e2:Fe 62,400 87,600

~~-1O ~~49,666 a4,4O 63,9OO B9,90

~~-14 ~~609900 35.2G 65660( 40,269

42 ~64,996 B6.2OO 5650 44,280

)13 ~~~62,9O ffOO 76e 42,800

*44 6368G0 67600 66,800 43,600

*46 ~64,780 66600 69,990 44,290

.-1ff 4h90e

*6 - 46,OO

*4 44,690 47,500

*-20 42,20 48600

Notes, 1. Linear irnterpolabonr betw~c pntispermitted.
2. These Iimits apply to INTACT- FUEL ASSEMBLIES, DAMAGED FUE-l'-1 AS-Sier I ~ES, a nd FU EL D EBRI S.
O. Bumnup for fuzi! essernbfles with oladding made of matoia oW" then Zlrealoy-2 o; Zrealey-4 is lirnited

to 45,000 MWDRA'TU or the vialue in this table, wh~iehever i~fs:ls
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Table 2.1-7 (page 1 of 2)

TABLE DELETED

FUEL ASSEMBL' eeeLII?4G AND MAXIMUM SEGAY I !EAT
(RECIONAUZED FUEL LOADINC)

PostIdh ion MPG4 MPG-24 MPG-Z4E/24EF MPI;241LAEP
Gooflngl a PWR mb PWRA mby P MAssembly PWRAmb-yeam) Decay leeat DecayHes DecayHe Decay Ieat

for Region fohRegon forReo forRegi2

+M No 150 900

4470 90 4540 go

3 1w 40 909 I
;,- +53f 90 4M9 g I

;-8 +M o + am I
112 909 G

~~-10~ 9 1230 90 I

-42 Q9 SW MO9

1193 124 909 |

94 9 g~~17 1230 IN
9:5 1465 121 4I9

99 _ gZ -~~~~90 900 1

F2~~~~~9 .G -M gm

Notes: 1. Lin~ear Interpolation bctwc.en poin~ts is perrnitted.
2. lncludc3 all 3curce3 of decs, hest (i.c., fuel and NON-FUCL I-IAFZDWATZE).
4. These. limib. aplt INACTAI FUEL A6eC5Ll~E, DAMACl ED FUEL A~TCMLIE>, esn FUE i-I g II
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Table 2.1-7 (page 2 of 2)

TABLE DELETED I
ULL .55M-uL~ tULNL MW Fi tAXIMUM DECAM 11

.LOADIN
H ~f

(RECIONALIZED FUEL

Post radiaton
Gooling Tme

7_ _rg

M
PWR I

-DeC
feVR

*-6 - S1

4

-~17

4-

Noto3: _.1. ia _._ __.

2. InIudea all soui
3 . __es _~it & _*

_.,,-46 zapl

2G42 MPG.82 MPG486G8FF MPG4-~eb PWR Aseby BWRAssembly BWR A
y e eesylie DecHeent ee

eugon for Regio for Region for

484 600 600 2

W02 600 468- 2

993 .600 418 2

978 600 444 2

964 600 440 2

950 600 405

943 600 409 2

93 -600 490 2

DM-1 600 897 2

924 600 804 2

94.8 600 89-1- 2

.600 2

600 2

600 2

bron between. paints is permitted.
ees of deoay heat (i.e., fuel and PON FUEL IARDWARE).
to INTAeT FUEL ASEMBLIES, DAMAGED FUEL ASSEMBLIES, aznd-I

5o reor
ssemb!

xa

q5

46

.5

75

45

qs

,q

DEBRIS.*utt
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Table 2.1-8
NON-FUEL HARDWARE COOLING AND AVERAGE BURNUP (Notes 1, Z and 3) l

Post-Irradlatlon NEUTRON POISON GUIDE TUBE CONTROL APSR
Cooling Time INSERTS HARDWARE COMPONENT BURNUP

(years) (Note 34) (Note 45) (Note 56) (MWDIMTU)
BURNUP BURNUP BURNUP

(MWDIMTU) (MWDIMTU) (MWDIMTU)

>3 < 20,009 24,635 NA (Note 67) NA NA

>4 < 500930,000 < 20,000 NA NA

>5 <3e,138936,748 <25,000 <630,000 <45,000

>6 40009 44,102 < 30,000 - < 54,500

>7 < 45009 52,900 < 40,000 - < 68,000

>8 < 0009 60,000 < 45,000 - < 83,000

>9 -69-09 < 50,000 - < 111,000

> 10 - < 60,000 - < 180,000

>11 - < 75,000 - < 630,000

> 12 - < 90,000 -

> 13 < 180,000 -

> 14 - < 630,000 -

Notes: 1. BumupsforNON-FUEL HARDWAREare to be determinedbasedon thebumup and uranium mass ofthe
fuel assemblies in which the component was inserted during reactor operation.

2. Linearinterpolation between points is permitted, exceptthatTPD and APSR bumups > 180,000 MWDIMTU
and < 630,000 MWD/MTU must be cooled > 14 years and > 11 years, respectively.

3. Applicable to uniform loading and regionalized loading.

4. Includes Burnable Poison Rod Assemblies (BPRAs), end Wet Annular Burnable Absorbers (WABAs)j and
vibration suppressor inserts.

5. Includes Thimble Plug Devices (TPDs), water displacement guide tube plugs, and orifice rod assemblies.

6. Includes Control Rod Assemblies (CRAs), Control Element Assemblies (CEAs), and Rod Cluster Control
Assemblies (RCCAs).

7. NA means not authorized for loading at this cooling time.

Certificate of Compliance No. 1014
Appendix B 2-62

I

I

I

I

I

I

I

I

I

I.

I

I



Approved Contents
2.0

2.4 Decay Heat, Bumup, and Cooling ime Limits forZR-Clad Fuel

This section provides the limits on ZR-clad fuel assembly decay heat, burnup, and cooling time for
storage in the HI-STORM 100 System. A detailed discussion of how to calculate the limits and verify
compliance, including examples, is provided in Chapter 12 of the HI-STORM 100 FSAR.

2.4.1 Unform Fuel Loading Decay Heat Limits for ZR-clad fuel

Table 2.4-1 provides the maximum allowable decay heat per ZR-cad fuel assembly for
uniform fuel loading for each MPC model.

Table 2.4-1

Maximum Allowable Decay Heat per Fuel Assembly
-(Uniform Loading, ZR-Clad)

MPC Model - Decay Heat per FuelAssembly

MPC-24/24E/24EF < 1.583

MPC-32/32F < 1.1875

MPC-68/68FF I - 50.522

I

I

I

I

2.4.2 Regionalized Fuel Loading Decay Heat Limits for ZR-Clad Fuel

The allowable maximum decay heat per ZR-clad fuel assembly for regionalized fuel loading
shall be calculated as follows. Fuel loading regions for each MPC model are shown in
Figures 2.1-1 through 2.1-4. The number of fuel storage locations in each region and the
maximum total decay heat per MPC model is provided in Table 2.4-2.

Table 2.4-2

MPC Fuel Storage Regions and Maximum Decay Heat

Number of Fuel Number of Fuel Maximum Decay

MPC Model Storage Locations Storage Locations In Heat per MPC, QIn Region I Region 2 Jtr C
(NRegfonl V) (Rg.go J) _______

MPC-24/24E/24EF 4 20 38

MPC-32/32F 12 20 38

MPC-68168FF 32 36 35.5

I
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24.2 Regionalized Fuel Loading Decay Heat Limits forZR-Clad Fuel (cont'd)

2.4.2.1 Choose a value ofX between I and 6, where Xis the ratio of the maximum
decay heat per fuel assembly permitted in Region I (qRgota J to the maximum
decay heat per fuel assembly permitted in Region 2 (qR* 2).

2.4.2.2 Calculate qRo, 2 using the following equation:

qRegW2 = (2 x Q)/((1 + )X 5) x (NRAl I x NRX)2) Equation. 24.

Where:

qR. 1b, 2 = Maximum allowable decay heat per fuel assembly in Region 2 (kW)

Q = Maximum allowable heat load for the MPC model from Table 2.4-2 (kW)

X = Ratio of qR I to qRh, 2 chosen in Step 2.4.21

NRX,,b 1 = Number of fuel storage locations in Region I from Table 2.4-2

NR.9A, 2 = Number of fuel storage locations in Region 2 from Table 2.4-2

24.2.3 Calculate qRepx using the following equation:

qRegn = X X qR, 2 Equation 2.4.2

Where:

= Maximum allowable decay heat per fuel assembly in Region I (kW)

qR,,A0 2 = Maximum allowable decay heatperfuel assembly in Region 2
calculated in Step 2.4.2.2 (kW)

X = Ratio of qegkt,1 to 9qR.gb2 chosen in Step 2.4.2.1

I

0

24.3 Bumup Limits as a Function of Cooling Time for ZR-Clad Fuel

The maximum allowable fuel assembly average bumup varies with the following
parameters:

* Minimum fuel assembly cooling time
* Maximum fuel assembly decay heat
* Minimum fuel assembly average enrichment
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2.4.3 Bumup Umits as a Function of Cooling Time for ZR-Clad Fuel (cont'd)

The maximum allowable ZR-clad fuel assembly average bumup for a given MINIMUM
ENRICHMENT is calculated as described below for minimum cooling times between 3 and
20 years using the maximum permissible decay heat determined in Section 2.4.1 or 2.42.
Different fuel assembly average bumvp limits may be calculated for different minimum
enrichments (by Individual fuel assembly) for use in choosing the fuel assemblies to be
loaded into a given MPC.

2.4.3.1 Choose a fuel assembly minimum enrichment, E2,.

2.4.3.2 Calculate the maximum allowable fuel assembly average bumup for a minimum
cooling time between 3 and 20 years using the equation below.

Bu =(A x q) + (B x 2) + (Cx q3) + D x (E23J2) 1(ExqxE 23) + (Fx q2 xE23) + G

Equation 2.4.3

Where:

Bu = Maximum allowable average bumrup per fuel assembly (MWD/MTU)

q = Maximum allowable decay heat per fuel assembly determined in Section
2.4.1 or 2.4.2 (kW)

E235= Minimum fuel assembly average enrichment (wt. % MU)
(e.g., for 4.05 wt.%, use 4.05)

A through G = Coefficients from Tables 2.4-3 and 2.4-4 for the applicable fuel
assembly array/class and minimum cooling time

2.4.3.3 Calculated bumup limits shall be rounded down to the nearest integer

2.4.3.4 Calculated bumup limits greater than 68,200 MWD/MTU for PWR fuel and
65,000 MWD/MUTU for BWR must be reduced to be equal to these values.

2.4.3.5 Unear interpolation of calculated bumups between cooling times for a given fuel
assembly maximum decay heat and minimum enrichment is permitted. For
example, the allowable bumup for a cooling time of 4.5 years may be
interpolated between those bumups calculated for 4 year and 5 years.
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2.4.3 Bumup Limits as a Function of Cooling Time for ZR-Clad Fuel (contid)

2.4.3.6 Each ZR-clad fuel assembly to be stored must have a MINIMUM ENRICHMENT
greater than or equal to the value used in Step 2.4.3.2.

2.4.3. 7 When complying with the maximum fuel assembly decay heat limits, users must
account for the decay heat from NON-FUEL HARDWARE, as applicable for the
particular fuel storage location, to ensure the decay heat emitted by all contents
in a storage locatfon does not exceed the limit

11
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Table 2.4-3 (Page 1 of 8)

PWR Fuel Assembly Cooling Time-Dependent Coefficients
(ZR-Clad Fuel)

Cooling _ Array/Class 14x14A
Time

(years) A B C D E F G

>3 20277.1 303.592 -68.329 -139.41 2993.67 -498.159 -615.411

>4 35560.1 -6034.67 .985.415 -132.734 3578.92 -723.721 -609.84

>5 48917.9 -14499.5 2976.09 -150.707 4072.55 -892.691 -54.8362

>6 59110.3 -22507 5255.61 -177.017 4517.03 -1024.01 613.36

> 7 67595.6 -30158.1 7746.6 -200.128 4898.71 -1123.21 716.004

>8 74424.9 -36871.1 10169.4 -218.676 5203.64 -1190.24 741.163

>9 81405.8 -44093.1 12910.8 -227.916 5405.34 -1223.27 250.224

> 10 86184.3 -49211.7 15063.4 ;-237.641 5607.96 -1266.21 134.435

> 11 92024.9 -55666.8 17779.6 -240.973 5732.25 -1282.12 -401.456

> 12 94775.8 -58559.7 19249.9 -246.369 5896.27 -1345.42 -295.435

* 13 100163 -64813.8 22045.1 -242.572 5861.86 -1261.66 4842.159

* 14 103971 -69171 24207 -242.651 5933.96 -1277.48 -1108.99

> 15 108919 -75171.1 27152.4 -243.154 6000.2 -1301.19 -1620.63

> 16 110622 -76715.2 28210.2 -240.235 6028.33 -1307.74 -1425.5

>- 17 115582 -82929.7 31411.9 -235.234 5982.3 -1244.11 -1948.05

> 18 119195 -87323.5 33881.4 -233.28 6002.43 -1245.95 -2199.41

> 19 121882 -90270.6 35713.7 -231.873 -6044.42 '1284.55 -2264.05

> 20 124649 -93573.5 37853.1 -230.22 6075.82 -1306.57 -2319.63
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Table 2.4-3 (Page 2 of 8)

PWR FuelAssembly Cooling rime-Dependent Coefficients
(ZR-Clad Fueo

Cooling Array/Class 14x14B
Time

(years) A B C D E F G

> 3 18937.9 70.2997 -28.6224 -130.732 2572.36 -383.393 -858.17

> 4 32058.7 -4960.63 745.224 -125.978 3048.98 -551.656 -549.108

> 5 42626.3 -10804.1 1965.09 -139.722 3433.49 -676.643 321.88

> 6 51209.6 -16782.3 3490.45 -158.929 3751.01 -761.524 847.282

> 7 57829.9 -21982 5009.12 -180.026 4066.65 -846.272 1200.45

> 8 62758 -26055.3 6330.88 -196.804 4340.18 -928.336 1413.17

> 9 68161.4 -30827.6 7943.87 -204.454 4500.52 -966.347 1084.69

> 10 71996.8 -34224.3 9197.25 -210.433 4638.94 -1001.83 1016.38

> 11 75567.3 -37486.1 10466.9 -214.95 4759.55 -1040.85 848.169

_> 12 79296.7 -40900.3 11799.6 -212898 4794.13 -1040.51 576.242

> 13 82257.3 43594 12935 -212.8 4845.81 -1056.01 410.807

> 14 83941.2 -44915.2 13641 -215.389 4953.19 -1121.71 552.724

> 15 87228.5 -48130 15056.9 -212545 4951.12 -1112.5 260.194

> 16 90321.7 -50918.3 16285.5 -206.094 4923.36 -1106.35 -38.7487

_> 17 92836.2 -53314.5 17481.7 -203.139 4924.61 -1109.32 -159.673

> 18 93872.8 -53721.4 17865.1 -202.573 4956.21 -1136.9 30.0594

> 19 96361.6 -56019.1 19075.9 -199.068 4954.59 -1156.07 -125.917

> 20 98647.5 -57795.1 19961.8 -191.502 4869.59 -1108.74 -217.603

I

iI
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Table 24-3 (Page 3 of 8)

PWR Fuel Assembly Cooling Time-Dependent Coefficients
(ZR-Clad Fueo

Cooling Array/Class 14x14C
rime -__ _:

(years) A B C D E F G

>3 19176.9 192.012 -66.7595 -138.112 2666.73 -407.664 -1372.41

>4 32040.3 -4731.4 651.014 --124.944 301263 -530.456 -890.059

>5 43276.7 -11292.8 2009.76 -142.172 3313.91 -594.917 -200.195

>6 51315.5 -16920.5 3414.76 -164.287 3610.77 -652118 463.041

> 7 57594.7 -21897.6 4848.49 -189.606 3940.67 -729.367 781.46

> 8 63252.3 -26562.8 6273.01 -199.974 4088.41 -732054 693.879

>9 67657.5 -30350.9 7533.4 -211.77 4283.39 -772.916 588.456

> 10 71834.4 -34113.7 8857.32 -216.408 4383.45 -774.982 380.243

> 11 75464.1 -37382.1 10063 -218.813 4460.69 -776.665 160.668

> 12 77811.1 -39425.1 10934.3 -225.193 4604.68 -833.459 182.463

> 13 81438.3 -42785.4 12239.9 -220.943 4597.28 -803.32 -191.636

> 14 84222.1 -45291.6 13287.9 -218.366 4608.13 -791.655 -354.59

> 15 86700.1 -47582.6 14331.2 -218.206 4655.34 -807.366 -487.316

> 16 88104.7 -48601.1 14927.9 -219.498 4729.97 -849.446 -373.196

> 17 91103.3 -51332.5 16129 -212.138 4679.91 --822.896 -654.296

> 18 93850.4 -53915.8 17336.9 --207.666 4652.65 -799.697 -866.307

> 19 96192.9 -55955.8 18359.3 --203.462 464265 -800.315 1007.75

>20 -97790.4 -57058.1 19027.7 -200.963 4635.88 -799.721 -951.122

I

I

I

I

I

I

I

I

-1

I

I

I

I

I

I
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Table 2.4-3 (Page 4 of 8)

PWR FuelAssembly Cooling Time-Dependent Coefficients
(ZR-Clad Fueo

Cooling Array/Class 15x15A/B/C
Time

(years) A B C D E F G

>3 15789.2 119.829 -21.8071 -127.422 2152.53 -267.717 -580.768

>4 26803.8 -331293 415.027 -116.279 2550.15 -386.33 -367.168

> 5 36403.6 -7831.93 1219.66 -126.065 2858.32 -471.785 326.863

> 6 44046.1 -12375.9 2213.52 -145.727 3153.45 -539.715 851.971

> 7 49753.5 -16172.6 3163.61 -166.946 3428.38 -603.598 1186.31

> 8 55095.4 -20182.5 4287.03 -183.047 3650.42 -652.92 1052.4

> 9 58974.4 -23071.6 5156.53 -191.718 3805.41 -687.18 1025

> 10 62591.8 -25800.8 5995.95 -195.105 3884.14 -690.659 868.556

> 11 65133.1 -27747.4 6689 -203.095 4036.91 -744.034 894.607

> 12 68448.4 -30456 7624.9 -202.201 4083.52 -753.391 577.914

> 13 71084.4 -32536.4 8381.78 -201.624 4117.93 -757.16 379.105

> 14 73459.5 -34352.3 9068.86 -197.988 4113.16 -747.015 266.536

> 15 75950.7 -36469.4 9920.52 -199.791 4184.91 -779.222 57.9429

> 16 76929.1 -36845.6 10171.3 -197.88 4206.24 -794.541 256.099

> 17 79730 -39134.8 11069.4 -190.865 4160.42 -773.448 -42.6853

> 18 81649.2 -40583 11736.1 -187.604 4163.36 -785.838 -113.614

> 19 83459 -41771.8 12265.9 -181.461 4107.51 -758.496 -193.442

> 20 86165.4 -44208.8 13361.2 -178.89 4107.62 -768.671 -479.778

il

I

I
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- Table 2.4-3 (Page 5 of 8)

PWR Fuel Assembly Cooling rime-Dependent Coefficients
(ZR-Cad Fuel)

Cooling _Array/Class xl15DIEIFAl-
Time

(years) A B C D E F G

>3 15192.5 50.5722 -12.3042 -126.906 2009.71 -235.879 -561.574

>4 25782.5 -3096.5 -369.096 -113.289 2357.75 -334.695 -254.964

>5 35026.5 -7299.87 1091.93 -124.619 2664 414.527 470.916

Ž6 42234.9 -11438.4 1967.63 -145.948 2945.81 -474.981 1016.84

> 7 47618.4 -15047 2839.22 -167.273 3208.95 -531.296 1321.12

>8 52730.7 -18387.2 3702.43 -175.057 3335.58 -543.232 1223.61

>9 56254.6 -20999.9 4485.93 -190.489 3547.98 -600.64 1261.55

> 10 59874.6 -23706.5 5303.88 -193.807 3633.01 -611.892 1028.63

> 11 62811 -25848.4 5979.64 -194.997 3694.14 -618.968 862.738

> 12 65557.6 -27952.4 6686.74 -198.224 3767.28 -635.126 645.139

> 13 67379.4 -29239.2 7197.49 -200.164 3858.53 -677.958 652.601

> 14 69599.2 -30823.8 7768.51 -196.788 3868.2 -679.88 504.443

> 15 71806.7 -32425 8360.38 -191.935 3851.65 -669.917 321.146

> 16 73662.6 -33703.5 8870.78 -187.366 3831.59 -658.419 232.335

> 17 76219.8 -35898.1 9754.72 -189.111 3892.07 -694.244 -46.924

> 18 76594.4 -35518.2 9719.78 -185.11 3897.04 -712.82 236.047

_ 19 78592.7 -36920.8 10316.5 -179.54 3865.84 -709.551 82.478

> 20 80770.5 -38599.9 11051.3 -175.106 3858.67 -723.211 -116.014
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Table 2.4-3 (Page 6 of 8)

PWR Fuel Assembly Cooling Time-Dependent Coefficents
(ZR-Clad Fuel)

Cooling Array/Class 16X16A
Time

(years) A B C D E F G

> 3 17038.2 158.445 -37.6008 -136.707 2368.1 -321.58 -700.033

> 4 29166.3 -3919.95 508.439 -125.131 2782.53 -455.722 -344.199

> 5 40285 -9762.36 1629.72 -139.652 3111.83 -539.804 139.67

> 6 48335.7 -15002.6 2864.09 -164.702 3444.97 -614.756 851.706

> 7 55274.9 -20190 4258.03 -185.909 3728.11 -670.841 920.035

> 8 60646.6 -24402.4 5483.54 -199.014 3903.29 -682.26 944.913

> 9 64663.2 -27753.1 6588.21 -215.318 4145.34 -746.822 967.914

> 10 69306.9 -31739.1 7892.13 -21&898 4237.04 -746.815 589.277

> 11 72725.8 34676.6 8942.26 -220.836 4312.93 -750.85 407.133

> 12 76573.8 -38238.7 10248.1 -224.934 4395.85 -757.914 23.7549

> 13 78569 -39794.3 10914.9 -224.584 4457 -776.876 69.428

> 14 81559.4 -42453.6 11969.6 -222.704 4485.28 -778.427 -203.031

> 15 84108.6 -44680.4 12897.8 -218.387 4460 -746.756 -329.078

* 16 86512.2 -46766.8 13822.8 -216.278 4487.79 -759.882 -479.729

> 17 87526.7 -47326.2 14221 -218.894 4567.68 -805.659 -273.692

> 18 90340.3 -49888.6 15349.8 -212.139 4506.29 -762.236 -513.316

> 19 93218.2 -52436.7 16482.4 -207.653 4504.12 -776.489 -837.1

> 20 95533.9 -54474.1 17484.2 -203.094 4476.21 -760.482 -955.662
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Table 2.4-3 (Page 7 of 8)

PWR Fuel Assembly Cooling Time-Dependent Coefficents
(ZR-Clad Fueo

Cooling Array/Class 17x17A
T-Ime

(years) A | B C D E F G

>3 16784.4 3.90244 -10.476 -128.835 2256.98 -287.108 -263.081

>4 28859 -3824.72 491.016 -120.108 2737.65: -432.361 -113.457

>5 40315.9 -9724 1622.89 -140.459 3170.28, -647.749 425.136

>6 49378.5 -15653.1 3029.25 -164.712 3532.55 -628.93 842.73

* 7 56759.5 -21320.4 4598.78 -190.58 3873.21 -698.143 975.46

>8 63153.4 - -26463.8 6102.47 -201.262 4021.84 -685.431 846497

>9 67874.9 -30519.2 7442.84 -218.184 4287.23' -754.597 723.305

> 10 72676.8 -34855.2 8928.27 -222.423 4382.07; -741.243 387.877

>11 75623 -37457.1 9927.65 -232.962 4564.55 -792.051 388.402

> 12 80141.8 -41736.5 11509.8 -232.944 4624.72 -787.134 -164.727

> 13 83587.5 45016.4 12800.9 -230.643 4623.2 -745.177 -428.635

> 14 86311.3 -47443.4 13815.2 -228.162 4638.89 -729.425 -561.758,

> 15 87839.2 -48704.1 14500.3 -231.979 ,4747.67 -775,801 -441.959

> 16 91190.5 -51877.4 15813.2 -225.768 4692.45 -719.311 -756.537

> 17 94512 -55201.2 17306.1 -- 224.328 4740.86 -747.11 -1129.15

> 18 96959 -57459.9 18403.8 -220.038 4721.02 -726.928 -1272.47

> 19 99061.1 -59172.1 19253.1 -214.045 4663.37 -679.362 -1309.88

> 20 100305 -59997.5 19841.1 -216.112 4721.71 -705.463 -1148.45

I
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Table 2.4-3 (Page 8 of 8)

PWR Fuel Assembly Cooling Time-Dependent Coefficients
(ZR-Clad Fueo

Cooling Array/Class 17xlxi TBC
Time

(years) A B C D E F G

>3 15526.8 180364 -9.36581 -128.415 2050.81 -243.915 -426.07

>4 26595.4 -3345.47 409.264 -115.394 2429.48 -350.883 -243.477

> 5 36190.4 -7783.2 1186.37 -130.008 2769.53 -438.716 519.95

> 6 44159 -12517.5 2209.54 -150.234 3042.25 -489.858 924.151

> 7 50399.6 -16780.6 3277.26 -1 73.223 3336.58 -555.743 1129.66

> 8 55453.9 -20420 4259.68 -189.355 3531.65 -581.917 1105.62

> 9 59469.3 -23459.8 5176.62 -199.63 3709.99 -626.667 1028.74

> 10 63200.5 -26319.6 6047.8 -203.233 3783.02 -619.949 805.311

> 11 65636.3 -28258.3 6757.23 -214.247 3972.8 -688.56 843.457

* 12 68989.7 -30904.4 7626.53 -212.539 3995.62 -6 78.03 7 495.032

*>13 71616.6 -32962.2 8360.45 -210.386 4009.11 -666.542 317.009

* 14 73923.9 -34748 9037.75 -207.668 4020.13 -662.692 183.086

* 15 76131.8 -36422.3 9692.32 -203.428 4014.55 -655.981 47.5234

*>16 77376.5 -37224.7 10111.4 -207.581 4110.76 -703.37 161.128

* 17 80294.9 -39675.9 11065.9 -201.194 4079.24 -691.636 -1 73.782

*>18 82219.8 -41064.8 11672.1 -195.431 4043.83 -675.432 -286.059

> 19 84168.9 -42503.6 12309.4 -190.602 4008.19 -656.192 -372.411

> 20 86074.2 -43854.4 12935.9 -185.767 3985.57 -656.72 -475.953

ri�
I
I
I
I
I
I
I
I
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Table 2.4-4 (Page 1 of 10)

BWR FuelAssembly Cooling Time-Dependent Coefficients
(ZR-Clad Fueo

Cooling_ AtrayCIass 7x7B
Time

(years) A B C D E F G

>3 26409.1 28347.5 -16858 -147.076 5636.32 -1606.75 1177.88

> 4 61967.8 -6618.31 -4131.96 -113.949 6122.77 -2042.85 -96.7439

> 5 91601.1 -4929&3 17826.5 -132.045 6823.14 -2418.49 -185.189

> 6 111369 -80890.1 35713.8 -150.262 7288.51 -2471.1 86.6363

> 7 1269047 -108669 53338.1 -167.764 7650.57 -2340.78 150.403

> 8 139181 -132294 69852.5 -187.317 8098.66 -2336.13 97.5285

> 1 ?50334 -154490 86148.1 -193.899 8232.84 -2040.37 -123.029

> 10 159897 -173614 100819 -194.156 8254.99 -1708.32 -373.605

>11 166931 -186860 111502 -193.776 8251.55 -1393.91 -543.677

>12 173691 -201687 125166 -202.578 8626.84 -1642.3 -650.814

>13 180312 -215406 137518 -201.041 8642.19 -1469.45 -810.024

> 14 185927 -227005 148721 197.938 8607.6 :-1225.95 -892.876

> 15 191151 -236120 156781 -191.625 8451.86 -846.27 -1019.4

> 16 195761 -244598 165372 -187.043 8359.19 -572.561 -1068.19

>17 200791 -256573 179816 -197.26 8914.28 -1393.37 -1218.63

> 18 206068 -266136 188841 -187.191 8569.56 -730.898 -1363.79

> 19 210187 -273609 197794 -182.151 8488.23 -584.727 -1335.59

> 20 213731 -278120 203074 -175.864 8395.63 457.304 -1364.38

I

I

I
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Table 2.4-4 (Page 2 of 10)

BWR Fuel Assembly Cooling Time-Dependent Coefficients
(ZR-Clad Fuel)

Cooling Array/Class 8x8B
Time

(years) A B C D E F G

> 3 28219.6 28963.7 -17616.2 -147.68 5887.41 -1730.96 1048.21

>4 66061.8 -10742.4 -1961.82 -123.066 6565.54 -2356.05 -298.005

> 5 95790.7 -53401.7 19836.7 -134.584 7145.41 -2637.09 -298.858

> 6 117477 -90055.9 41383.9 -154.758 7613.43 -2612.69 -64.9921

> 7 134090 -120643 60983 -168.675 7809 -2183.3 -40.8885

> 8 148186 -149181 81418.7 -185.726 8190.07 -2040.31 -260.773

> 9 159082 -172081 99175.2 -197.185 8450.86 -1792.04 -381.705

> 10 168816 -191389 113810 -195.613 8359.87 -1244.22 -613.594

>11 177221 -210599 131099 -208.3 8810 -1466.49 -819.773

> 12 183929 -224384 143405 -207.497 8841.33 -1227.71 -929.708

> 13 191093 -240384 158327 -204.95 8760.17 -811.708 -1154.76

> 14 196787 -252211 169664 -204.574 8810.95 -610.928 -1208.97

> 15 203345 -267656 186057 -208.962 9078.41 -828.954 -1383.76

> 16 207973 -276838 196071 -204.592 9024.17 -640.808 -1436.43

> 17 213891 -290411 211145 -202.169 9024.19 -482.1 -1595.28

> 18 217483 -294066 214600 -194.243 8859.35 -244.684 -1529.61

> 19 220504 -297897 219704 -190.161 8794.97 -10.9863 -1433.86

> 20 227821 -318395 245322 -194.682 9060.96 -350.308 -1741.16
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Table 2.4-4 (Page 3 of 10)

BWR FuelAssembly Cooling Time-Dependent Coefficents
(ZR-Clad Fueo

Cooling Aray/Class 8x8CDIE
Time

(years) A B C - D E F G

>3 28592.7 28691.5 -17773.6 -149.418 5969.45 -1746.07 1063.62

>4 66720.8 -12115.7 -1154 -128.444 6787.16 :-2529.99 -302.155

>5 96929.1 -55827.5 21140.3 -136.228 7259.19 -2685.06 -334.328

>6 118190 -92000.2 42602.5 -162.204 7907.46 -2853.42 -47.5465

>7- 135120 -123437 62827.1 -172.397 8059.72 -2385.81 -75.0053

>8 149162 -152986 84543.1 -195.458 8559.11 -2306.54 -183.595

9> 161041 -177511 103020 -200.087 8632.84 -1864.4 -433.081

> 10 171754 -201468 122929 -209.799 8952.06 -1802.86 -755.742

>11 179364 -217723 137000 -215.803 9142.37 -1664.82 -847.268

>12 186090 -232150 150255 -216.033 9218.36 -1441.92 -975.817

> 13 193571 -249160 165997 ,213.204 9146.99 -1011.13 -1119.47

> 14 200034 -263671 180359 -210.559 9107.54 -694.626 -131255

> 15 205581 -275904 193585 -216.242 9446.57 -1040.65 -1428.13

> 16 212015 -290101 207594 -210.036 921293 428.321 -1590.7

>17 216775 -299399 218278 -204.611 9187.86 -398.353 -1657.6

> 18 220653 -306719 227133 -202.498 9186.34 --181.672 -1611.86

> 19 224859 -314004 235956 -193.902 8990.14 145.151 -1604.71

> 20 228541 -320787 245449 -200.727 9310.87 -230.252 -1570.18

I

I

I
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Table 2.4-4 (Page 4 of 10)

BWR Fuel Assembly Cooling rime-Dependent Coefficients
(ZR-Clad Fuel)

Cooling Array/Class 9x9A
Time

(years) A B C D E F G

>3 30538.7 28463.2 -18105.5 -150.039 6226.92 -1876.69 1034.06

> 4 71040.1 -16692.2 1164.15 -128.241 7105.27 -2728.58 |414.09

> 5 100888 -60277.7 24150.1 -142.541 7896.11 -3272.86 -232.197

> 6 124846 -102954 50350.8 -161.849 8350.16 -3163.44 -91.1396

> 7 143516 -140615 76456.5 -185.538 8833.04 -2949.38 -104.802

> 8 158218 -171718 99788.2 -196.315 9048.88 -2529.26 -259.929

> 9 172226 -204312 126620 -214.214 9511.56 -2459.19 -624.954

> 10 182700 -227938 146736 -215.793 9555.41 -1959.92 -830.943

> 11 190734 -246174 163557 -218.071 9649.43 -1647.5 -935.021

> 12 199997 -269577 186406 -223.975 9884.92 -1534.34 -1235.27

> 13 207414 -287446 204723 -228.808 10131.7 -1614.49 -1358.61

> 14 215263 -306131 223440 -220.919 9928.27 -988.276 -1638.05

> 15 221920 -321612 239503 -217.949 9839.02 -554.709 -1784.04

> 16 226532 -331778 252234 -216.189 9893.43 -442.149 -1754.72

> 17 232959 -348593 272609 -219.907 10126.3 -663.84 -1915.3

> 18 240810 -369085 296809 -219.729 10294.6 -859.302 -2218.87

> 19 244637 -375057 304456 -210.997 10077.8 -425.446 -2127.83

> 20 248112 -379262 309391 -204.191 9863.67 100.27 -2059.39
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-Table 2.4-4 (Page 5 of 10)

BWR Fuel Assembly Cooling Time-Dependent Coefficients
t(ZR-Clad Fueo

Cooling Array/Class 9x9B
Time

(years) A B C D E F G

>3 30613.2 28985.3 -18371 -151.117 6321.55 -1881.28 988.92

- > 4 71346.6 --15922.9 631.132 --128.876 7232.47 -2810.64 471.737

> 5 102131 -60654.1 23762.7 -140.748 7881.6 -3156.38 417.979

> 6 127187 -105842 51525.2 -162.228 8307.4 -2913.08 -342.13

> 7 146853 -145834 79146.5 -185.192 8718.74 -2529.57 484.885

>8 162013 -178244 103205 -197.825 8896.39 -1921.58 -584.013

'9 176764 -212856 131577 -215.41 9328.18 -1737.12 -1041.11

> 10 186900 -235819 151238 -218.98 9388.08 -1179.87 -1202.83

> 11 196178 -257688 171031 -220.323 9408.47 -638.53 -1385.16

12 205366 -280266 192775 -223.715 9592.12 -472.261 -1661.6

>13 215012 -306103 218866 -231.821 9853.37 -361.449 -1985.56

> 14 222368 --324558 238655 -228.062 -9834.57 3.47358 -2178.84

> 15 226705 -332738 247316 -224.659 9696.59 632.172 -2090.75

> 16 233846 -349835 265676 -221.533 9649.93 913.747 -2243.34

> 17 243979 -379622 300077 -222.351 9792.17 1011.04 -2753.36

-> 18 247774 -386203 308873 -220.306 9791.37 1164.58 -2612.25

> 19 254041 -401906 327901 = -213.96 9645.47 1664.94 -2786.2

> 20 256003 -402034 330566 -215.242 9850.42 1359.46 -2550.06
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Table 24-4 (Page 6 of 10)

BWR Fuel Assembly Cooling Time-Dependent Coefficients
(ZR-Clad Fuel)

Cooling Array/Class 9x9CD
Time

(years) A B C D E F G

> 3 30051.6 29548.7 -18614.2 -148.276 6148.44 -1810.34 1006

> 4 70472.7 -14696.6 -233.567 -127.728 7008.69 -2634.22 -444.373

> 5 101298 -59638.9 23065.2 -138.523 7627.57 -2958.03 -377.965

> 6 125546 -102740 49217.4 -160.811 8096.34 -2798.88 -259.767

> 7 143887 -139261 74100.4 -184.302 8550.86 -2517.19 -275.151

> 8 159633 -172741 98641.4 -194.351 8636.89 -1838.81 -486.731

> 9 173517 -204709 124803 -212.604 9151.98 -1853.27 -887.137

> 10 182895 -225481 142362 -218.251 9262.59 -1408.25 -978.356

> 11 192530 -247839 162173 -217.381 9213.58 -818.676 -1222.12

> 12 201127 -268201 181030 -215.552 9147.44 -232221 -1481.55

> 13 209538 -289761 203291 -225.092 9588.12 -574.227 -1749.35

> 14 216798 -306958 220468 -222.578 9518.22 -69.9307 -1919.71

> 15 223515 -323254 237933 -217.398 9366.52 475.506 -2012.93

> 16 228796 -334529 250541 -215.004 9369.33 662.325 -2122.75

> 17 237256 -356311 273419 -206.483 9029.55 1551.3 -2367.96

> 18 242778 -369493 290354 -215.557 9600.71 659.297 -2589.32

> 19 246704 -377971 302630 -210.768 9509.41 1025.34 -2476.06

> 20 249944 -382059 308281 -205.495 9362.63 1389.71 -2350.49
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Table 2.4-4 (Page 7 of 10)

BWR Fuel Assembly Cooling rime-Dependent Coefficients
(ZR-Clad Fuel)

Cooling Array/Class 9x9EF
Time

(years) A B C D E iF G

> 3 30284.3 26949.5 -16926.4 -147.914 6017.02 -1854.81 1026.15

> 4 69727.4 -17117.2 1982.33 -127.983 6874.68 -2673.01 -359.962

> 5 98438.9 -58492 23382.2 -138.712 7513.55 -3038.23 -112.641

> 6 119765 -95024.1 45261- -159.669 8074.25 -3129.49 221.182

> 7 136740 -128219 67940.1 -182.439 8595.68 --3098.17 315.544

> 8 150745 -156607 88691.5 -193.941 8908.73 -2947.64 142.072

> 9 162915 -182667 109134 -198.37 8999.11 -2531 -93.4908

> 10 174000 -208668 131543 -210.777 9365.52 -2511.74 445.876

> 11 181524 -224252 145280 -212.407 9489.67 -2387.49 -544.123

> 12 188946 -240952 160787 -210.65 9478.1 -2029.94 -652.339

> 13 193762 -250900 171363 -215.798 9742.31 -2179.24 -608.636

> 14 203288 -275191 196115 -218.113 9992.5 -2437.71 -1065.92

> 15 208108 -284395 205221 -213.956 9857.25 -1970.65 -1082.94

> 16 215093 -301828 224757 -209.736 9789.58 -1718.37 -1303.35

> 17 220056 -310906 234180 -201.494 9541.73 -1230.42 -1284.15

> 18 :224545 -320969 247724 -206.807 9892.97 -1790.61 -1381.9

> 19 226901 -322168 250395 -204.073 9902.14 -1748.78 -1253.22

> 20 235561 -345414 276856 -198.306 9720.78 -1284.14 -1569.18
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Table 2.4-4 (Page 8 of 10)

BWR Fuel Assembly Cooling TIme-Dependent Coefficients
(ZR-Clad Fueo

Cooling Array/Class 9x9G
Time

(years) A B C D E F G

> 3 35158.5 26918.5 -17976.7 -149.915 6787.19 -2154.29 836.894

> 4 77137.2 -19760.1 2371.28 -130.934 8015.43 -3512.38 -455.424

> 5 113405 -77931.2 35511.2 -150.637 8932.55 -4099.48 -629.806

> 6 139938 -128700 68698.3 -173.799 9451.22 -3847.83 -455.905

> 7 164267 -183309 109526 -193.952 9737.91 -3046.84 -737.992

> 8 182646 -227630 146275 -210.936 10092.3 -2489.3 -1066.96

> 9 199309 -270496 184230 -218.617 10124.3 -1453.81 -1381.41

> 10 213186 -308612 221699 -235.828 10703.2 -1483.31 -1821.73

> 11 225587 -342892 256242 -236.112 10658.5 -612.076 -2134.65

> 12 235725 -370471 285195 -234.378 10604.9 118.591 -2417.89

> 13 247043 404028 323049 -245.79 11158.2 -281.813 -2869.82

> 14 253649 -421134 342682 -243.142 11082.3 400.019 -2903.88

> 15 262750 -448593 376340 -245.435 11241.2 581.355 -3125.07

> 16 270816 -470846 402249 -236.294 10845.4 1791.46 -3293.07

> 17 279840 -500272 441964 -241.324 11222.6 1455.84 -3528.25

> 18 284533 -511287 458538 -240.905 11367.2 1459.68 -3520.94

> 19 295787 -545885 501824 -235.685 11188.2 2082.21 -3954.2

> 20 300209 -556936 519174 -229.539 10956 2942.09 -3872.87
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Table 2.4-4 (Page 9 of 10)

BWR Fuel Assembly Cooling Time-Dependent Coefficents
(ZR-Clad Fuel)

Cooling Array/Class 1OxIOAfB
Time

(years) A B C D E F G

>3 29285.4 27562.2 -16985. -148.415 5960.56 -1810.79 1001.45

>4 67844.9 -14383 395.619 -127.723 6754.56 -2547.96 -369.267

>5 96660.5 -55383.8 21180.4 -137.17 7296.6 -2793.58 -192.85

>6 118098 -91995 42958 -162.985 7931.44 -2940.84 60.9197

> 7 135115 -123721 63588.9 -171.747 8060.23 -2485.59 73.6219

> 8 148721 -151690 84143.9 -190.26 8515.81 ,-2444.25 -63.4649

>9 160770 -177397 104069 -197.534 8673.6 -2101.25 -331.046

>10 170331 -198419 121817 -213.692 9178.33 -2351.54 -472844

\,� � I-- > 11 179130 D -217799 138652 -209.75 9095.43 1 -1842.88 j -705.254

> 12 186070 -232389 151792. -208.946 9104.52 -1565.11 -822.73

> 13 192407 -246005 -164928 -209.696 9234.7 -1541.54 -979.245

> 14 200493 -265596 183851 -207.639 9159.83 -1095.72 -1240.61

> 15 205594 -276161 195760 -213.491 9564.23 -1672.22 -1333.64

> 16 209386 -282942 204110 -209.322 9515.83. -1506.86 -1286.82

> 17 214972 -295149 217095 -202.445 -9292.34 -893.6 -1364.97

> 18 219312. -302748 225826 -198.667 9272.27 -878.536 -1379.58

> 19 223481 -310663 235908 -194.825 9252.9 -785.066 -1379.62

>20 227628 -319115 247597 -199.194 9509.02 -1135.23 -1386.19
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Table 2.4-4 (Page 10 of 10)

BWR Fuel Assembly Cooling lIme-Dependent Coefflcients
(ZR-Clad FueO

Cooling Array/Class lOxIOC
Ti'me,

(years) A B C D E F G

>3 31425.3 27358.9 -17413.3 -152.096 6367.53 -1967.91 925.763

>4 71804 -16964.1 1000.4 -129.299 7227.18 -2806.44 -416.92

> 5 102685 -62383.3 24971.2 -142.316 7961 -3290.98 -354.784

> 6 126962 -105802 51444.6 -164.283 8421.44 -3104.21 -186.615

> 7 146284 -145608 79275.5 -188.967 8927.23 -2859.08 -251.163

> 8 162748 -181259 105859 -199.122 9052.91 -2206.31 -554.124

> 9 176612 -214183 133261 -217.56 9492.17 -1999.28 -860.669

> 10 187756 -239944 155315 -219.56 9532.45 -1470.9 -1113.42

> 11 196580 -260941 174536 -222.457 9591.64 -944.473 -1225.79

> 12 208017 -291492 204805 -233.488 10058.3 -1217.01 -1749.84

> 13 214920 -307772 221158 -234.747 10137.1 -897.23 -1868.04

> 14 222562 -326471 240234 -228.569 9929.34 -183.47 -2016.12

> 15 228844 -342382 258347 -226.944 9936.76 117.061 -2106.05

> 16 233907 -353008 270390 -223.179 9910.72 360.39 -2105.23

> 17 244153 -383017 304819 -227.266 10103.2 380.393 -2633.23

> 18 249240 -395456 321452 -226.989 10284.1 169.947 -2623.67

> 19 254343 -406555 335240 -220.569 10070.5 764.689 -2640.2

> 20 260202 -421069 354249 -216.255 10069.9 854.497 -2732.77
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3.0 DESIGN FEATURES

3.1 Site

3.1.1 Site Location

The HI-STORM 100 Cask System is authorized for general use by 10 CFR
Part 50 license holders at various site locations under the provisions of 10
CFR 72, Subpart K.

3.2 Design Features Important for Criticality Control

3.2.1 MPC-24

1. Flux trap size: > 1.09 in.

2. 10B loading in the Beral neutron absorbers: > 0.0267 g/cm2 (Bora) or >
0.0223 g/cm2 (METAMIC) -

3.2.2 MPC-68 and MPC-68FF

1. Fuel cell pitch: > 6.43 In.

2. 10B loading in the 4oral neutron absorbers: > 0.0372 g/cm2 (Boral) or >
0.0310 g/cm2 (METAMIC)

3.2.3 MPC-68F

1. Fuel cell pitch: > 6.43 in.

2. 10B loading in the Boral neutron absorbers: > 0.01 g/cm2

3.2.4 MPC-24E and MPC-24EF

1. Flux trap size:

i. Cells 3, 6, 19, and 22: > 0.776 inch

ii. All Other Cells: > 1.076 inches

2. '0B loading in the Bore! neutron absorbers: > 0.0372 g/cm2 (Bore! or >
0.0310 g/cm2 (METAMIC)

3.2.5 MPC-32 and MPC-32F

1. Fuel cell pitch: > 9.158 inches

2. '0B loading In the Bore! neutron absorbers: > 0.0372 g/cM 2 (Boral) or >
0.0310g/cm2 (METAMIC)
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DESIGN FEATURES

3.2 Design Features Important for Criticality Control (con't)

3.2.6 Fuel spacers shall be sized The fuel assemblies shall be positioned in the MPC to
ensure that the active fuel region of intact fuel assemblies remains within the B|ral
neutron poison region of the MPC basket with water in the MPC.

3.2.7 The B4C content in METAMIC shall be < 32.5 wt.

3.3 Codes and Standards

The American Society of Mechanical Engineers Boiler and Pressure Vessel Code (ASME Code),
1995 Edition with Addenda through 1997, is the governing Code for the HI-STORM 100 System,
as clarified in Specification 3.3.1 below, except for Code Sections V and IX The latest effective
editions of ASME Code Sections V and IX, including addenda, may be used for activities governed
by those sections provided a written reconciliation of the later edition against the 1995 Edition,
including addenda, is performed by the certificate holder. American Concrete Institute (ACI) 349-85
is the governing Code for plain concrete as clarified in Appendix 11.D of the Final Safety Analysis
Report for the HI-STORM 100 Cask System.

3.3.1 ExeevlionsAltematives to Codes, Standards, and Criteria

Table 3-1 lists approved exceptionsatematives to the ASME Code for the design
of the HI-STORM 100 Cask System.

3.3.2 Construction/Fabrication Exceotioen&4temativesto Codes, Standards, and Criteria

Proposed alternatives to the ASME Code, Section IlIl, 1995 Edition with Addenda
through 1997 including exceptions allowed by Specification 3.3.1 may be used on
a case-specific basis when authorized by the Director of the Office of Nuclear
Material Safety and Safeguards or designee. The request for such alternative
should demonstrate that:

1. The proposed altematives would provide an acceptable level of quality and
safety, or

2. Compliance with the specified requirements of the ASME Code, Section IlIl,
1995 Edition with Addenda through 1997, would resultin hardship or unusual
difficulty without a compensating increase in the level of quality and safety.

Requests for exceptsaltemativesshall be submitted in accordance with 10 CFR
72.4

(continued)
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Table 3-1 (page 1 of 69)
UST OF ASME CODE EXGEPTIGNSALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement ExeeptionAlftemative, Justification &
ASME Code Compensatory Measures

SectionlArticle.

MPC, MPC Subsection NCA General Because the MPC, OVERPACK, and TRANSFER
basket Requirements. CASKare notASME Code stamped vessels, none of
assembly, HI- Requires preparation the specifications, reports, certificates, or other
STORM of a Design general requirements specified by NCA are required.
OVERPACK Specification, Design In lieu of a Design Specification and Design Repor
steel Report, Overpressure the HI-STORM FSAR includes the design criteria,
structure, and Protection Report, service conditions, and load combinations for Me
H-TRAC Certification of design and operation of the HI-STORM 100 System
TRANSFER Construction Report, as well as the results of the stress analyses lb
CASKsteel Data Report, and demonstrate that applicable Code stress limits are
structure other administrative met Additionally, the fabricatorIs not required to have

controls foran ASME anASME-certfiredQAprogran.Allmportanto-safety
Code stamped vessel. activities are governed by the NRC-approved Holtec

QA program.

Because the cask components are not certified to
the Code, the terms "Certificate Holder' and
Inspector' are not germane to the manufacturing of
NRC-Certified cask components. To eliminate
ambiguity, the responsibilities assigned to the
Certificate Holder In the various articles of
Subsections NB, NG, and NF of the Code, as
applicable, shall be interpreted to apply to the NRC
Certificate of Compliance (CoC) holder (and by
extension, to the component fabricator) ffthe
requirement must be fulfilled. The Code term
"Inspector' means the QAIQC personnel of the CoC
holder and its vendors assigned to oversee and
inspect the manufacturing process.

MPC NB-1100 Statement of MPC enclosure vessel Is designed and will be
requirements for Code fabricated in accordance with ASME Code, Section
stamping of III, Subsection NB to the maximum practical extent,
components. but Code stamping is not required.
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Table 3-1 (page 2 of 59)
UST OF ASME CODE EXGEPTINSALTERNATIVES FOR HI-STORM 100 CASK SYSTEM I

Component Reference Code Requirement ExceptnloanAtemative, Justification &
ASME Code Compensatory Measures

Section/Article

MPC basket
supports and
lift lugs

NB-1130 NB-1132.2(d) requires
that the first
connecting weld of a
nonpressure-retaining
structural attachment
to a component shag
be considered part of
the component unless
the weld is more than
2t from the pressure-
retaining portion of the
component, where t is
the nominal thickness
of the pressure-
retaining material.

NB-1132.2(e) requires
that the first
connecting weld of a
welded nonstructural
attachment to a
component shall
conform to NB-4430 if
the connecting weld is
within 2t from the
pressure-retaining
portion of the
component

The MPC basket supports (nonpressure-retaining
structural attachments)and lift lugs (nonstructural
attachments (relative to the function of lifting a
loaded MPC) that are used exclusively for liffing an
empty MPC) are welded to the inside of the
pressure-retainig MPC shell, but are not designed
in accordance with Subsection NB. The basket
supports and associated attachment welds are
designed to satisfy the stress limits of Subsection
NG and the lift lugs and associated attachment
welds are designed to satisfy the stress limits of
Subsection NF, as a minimum. These attachments
and their welds are shown by analysis to meet the
respective stress limits for their service conditions.
Likewise, non-structural items, such as shield plugs,
spacers, etc. if used, can be attached to pressure-
retaining parts in the same manner.
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Table 3-1 (page 3 of 59)
UST OF ASME CODE EXCEPTIONSALTERNATVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement ExceptionAftemative, Justification &
ASME Code Compensatory Measures

SectionlArticle

MPC NB-2000 Requires materials to Materials will be supplied by Holtec-approved
be supplied byASME- suppliers with Certified Material Test Reports
approved material (CMTRs) in accordance with NB-2000
supplier. requirements.

MPG, MPC NB-3100 Provides requirements, These requirements are not applicable. The HI-
basket NG-3100 for determining design STORM FSAR, serving as the Design Specification,
assembly, Hi- NF-3100 loading conditions, establishes the service conditons and load
STORM such as pressure, combinations for the storage system.
OVERPACK temperaturp, and
and HI-TRAC mechanical loads.
TRANSFER
CASK

MPC NB-3350 NS-3352.3 requires, Due to MPC basket-to-shell interface requirements,
for Category Cjints, the MPC shell-to-basepiate weld joint design
that the minimum (designated Category C) does not Include a
dimensions of the reinforcing fillet weldora bevelin the MPC baseplate,
welds and throat which makes it different than any of the representative
thickness shall be as configurations depicted in Figure NB-4243-1. The
shown in Figure NB- transverse thickness of this weld is equal to the
4243-1. thickness of the adjoining shel (112 inch). The weldis

designed as a full penetration weld that receives VT
and RT or UT, as well as final surface PT
examinations. Because the MPC shell design
thickness Is considerably larger than the minimun
thickness required by the Code, a reinforcing fillet
weld that would Intrude Into the MPC cavity space is
not included. Not including this fillet weld provides for
a higher quality radiographic examination of the full
penetration weld. -

From the standpoint of stress analsris, the fillet weld
serves to reduce the local bending stress
(secondary stress) produced by the gross structural
discontinuity defined by the flat plate/shelljunction.
In the MPC design, the shell and baseplate
thicknesses are well beyond that required to meet
their respective membrane stress intensity limits.
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Table 3-1 (page 4 of 59)
UST OF ASME CODE EXCEPTIONSALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement EeceptionAlternatIve, Justification &
ASME Code Compensatory Measures

SectionlArticle

MPC, MPC NB-4120 NB-4121.Z NG- In-shop operations of shod duration thatapplyheatto
Basket NG-4120 4121.Z and NF- a component, such as plasma cutting of plate stock
Assembly, Hl- NF-4120 4121.2provide welding, machining, coating, and pouring of lead are
STORM requirements Ibr not unless explicitly stated by the Code, defined as
OVERPACK repetition of tensile or heat treatment operations.
steel impact tests for
structure, and material subjected to For the steel parts in the HI-STORM 100 System
HI-TRAC heat treatment during components, the duration for which a part exceeds
TRANSFER fabrication or the off-normal temperature limit defined in Chapter 2
CASKsteel installation. of the FSAR shall be limited to 24 hours in a
structure particular manufacturing process (such as the Hl-

TRAC lead pouring process).

MPC, MPC NB-4220 Requires certain The cylindricity measurements on the rolled shells
basket NF-4220 borming tolerances to are not specifically recorded in the shop travelers,
assembly, Hl- be met for cylindrical, as would be the case for a Code-stamped pressure
STORM conical, or spherical vessel. Rather, the requirements on inter-
OVERPACK shells of a vessel, component clearances (such as the MPC-to-
steel TRANSFER CASK) are guaranteed through fixture.
structure, and controlled manufacturing. The fabrication
HI-TRAC specification and shop procedures ensure that all
TRANSFER dimensional design objectives, including inter-
CASKsteel component annular clearances are satisfied. The
structure dimensions required to be met in fabrication are

chosen to meet the functional requirements of the
dry storage components. Thus, although the post-
forning Code cylindricity requirements are not
evaluated for compliance directly, they are indirectly
satisfied (actually exceeded) in the final
manufactured components.

MPC Lid and NB-4243 Full penetration welds MPC lid and closure nng are not full penetration
Closure Ring required for Category welds. They are welded independently to provide a
Welds C Joints (flat head to redundant seal. Additionally, a weld efficiency factor

main shell per NB- of 0.45 has been applied to the analyses of these
3352.3). welds.

I

I
I
I
I
I

/
I
I
I
I
I
I
/
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Table 3-1 (page 5 of 69)
UST OF ASME CODE EXGCEPTIGNIALTERJATES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement EaeeptionAliemative, Justification &
ASME Code Compensatory Measures

SectionlArticde

MPC Ud to NB-5230 Radiographic (RT) or Only UT or multi-layer liquid penetrant (PT)
Shell Weld ultrasonic (UT) examination Is permitted. K PT alone is used, at a

examination required minimum, It will Incdude the root and final weld layers
and each approximately 318 Inch of weld depth.

MPC Closure NB-5230 Radiographic (RT) or Root (if more than one weld pass Is required) and
Ring, Vent ultrasonic (UT) final liquid penetrant examination to be performed In
and Drain examination required accordance with NB-5245. The MPC vent and drain
Cover Plate cover plate welds are leak tested. The closure ring
Welds provides independent redundant closure for vent

and drain cover plates.

MPC NB-61 11 All completed The MPC enclosure vessel Is seal welded In the field
Enclosure pressure retaining following fuel assembly loading. The MPC enclosure
Vessel and systems shal be vessel shall then be tydrestaalyp ressure tested as
Ud pressure tested. defined In Chapter 9. Accessibility for leakageInspections preclude a Code compliant

hydresatiepressure test. All MPC enclosure vessel
welds (except closure ring and vent/drain cover plate) are
inspected by volumetric examination, except the MPC lid-
to-shell weld shall be verified by volumetric or multi-layer
PT examination. if PT alone Is used, at a minimum, It
must Include the root and final layers and each
approximately 3/8 Inch of weld depth. For either UT or
PT, the maximum undetectable flaw size must be
demonstrated to be less than the critical flaw size. The
critical flaw size must be determined In accordance with
ASME Section Xl methods. The critical flaw size shall
not cause the primary stress limits of NB-3000 to be
exceeded.

The Inspection preoess results, including relevant
findings (Indications), shall be made a permanent part of
the user's records by video, photographic, or other
means which provide an equivalent retrievable record of
weld integrity. The video or photographic records should
be taken during the final interpretation period described
In ASME Section V. Article 6. T-676. The vent/drain
cover plate weld is confirmed by lealtage testing and
'-qLid peandemation and the closure ring welds
Is are confirmed by liquid penetrant examination. The
Inspection of the weld must be performed by qualified
personnel and shall meet the acceptance requirements of
ASME Code Section 1II, NB-5350 for PT or NB-5332 for
UT.
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Table 3-1 (page 6 of 59)
LIST OF ASME CODE EXSEPTIONSALTERNATIVES FOR HI-STORM 100 CASK SYSTEM I

IComponent Reference Code Requirement ExceptionAttemathva, Justification &
ASME Code Compensatory Measures

Sectlon/Artlcle

MPC NB-7000 Vessels are required No overpressure protection is provided. The
Enclosure to have overpressure function of the MPC enclosure vessel is to contain
Vessel protection the radioactive contents under normal, off-normal,

and accident conditions. The MPC vessel is
designed to withstand maximum internal pressure
considering 100% fuel rod failure and maximum
accident temperatures.

MPC NB-8000 States requirements The H1-STORM100 System is to be marked and
Enclosure for nameplates, identified in accordance with 10CFR7I and
Vessel stamping and reports 10CFR72 requirements. Code stamping is not

per NCA-8000. required. QA data package to be in accordance
with Holtec approved QA program.

MPC Basket NG-2000 Requires materials to Materials will be suppried by Holtec-approved
Assembly be supplied by ASME- supplier with CMTRs in accordance with NG-2000

approved material requirements.
supplier.
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Table 3-1 (age 7 of 69)
LIST OFASME CODE ECEPfTEIN TERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement ExceptionAftemative, Justification &
ASME Code Compensatory Measures

Section/Article

MPC basket NG-4420 NG-4427(a) allows a Modify the Code requirement (intended for core support
assembly filet weld in any single structures) with the following text prepared to accord with

contiuous weld to be the geometry and stress analysis bnperatives for the fuel
less than te basket For the lhngitudinal MPC basket fillet welds, the
less than the specified following criteria apply: 1) The specified fillet weld throat
fillet weld dimension dimension must be maintained over at least 92 percent of
by not more than 1/16 the total weld length. Al regions of undersized weld must
inch, provided that the be less than 3 Inches long and separated from each other
total undersize portion by et least 9 Inches. 2) Areas of undercuts and porosily
of the weld does not beyondthatellowedbythe appricable ASME Code shallnot
exceed 10 percent of exceed 12 Inch In weld length. The totallength of undercut
the length of the weld. and porosity over any 1-foot length shall not exceed 2
Individual undersize Inches 3) The total weld length In which items (1) and (2)
weld portions shall not apply shall not exceed a total of 10 percent of the overaff

weld length. The limited access of the MPC basket panel
exceed 2 inches In longitudinalffilet welds makes tdfficulttoperform effective
length. repairs of these welds andcreates the potentialforcausing

additional damage to the basket assembly (e.g., to the
neutron absorber and Is sheathing) If repairs are
attempted. The acceptance criteria provided In -the
foregoing have been established to comport with the
objectives of the basket design and preserve the margins
demonstrated In the supporting stress analysis From the
structural standpoint, the weld acceptance criteria are
established to ensure that any departure from the Ideal,
continuous fillet weld seam would not alter the primary
bending stresses on which the design of the fuel baskets Is
predicated. Stated differently, the permitted weld
discontfnuities are lImited In sfze to ensure that they remain
dassifiable aslocalstress elevators (peakstress F. In the
ASME Code for which specific stress intensity rimits do not

___ -___- ____e apply).
MPC Basket NG-8000 States requirements The HI-STORM1 00 System is to be marked and
Assembly for nameplates, identified In accordance with IOCFR71 and

stamping and reports IOCFR72 requirements. Code stamping is not
per NCA-8000. required. The MPC basket data package to be in

accordance with Holtec approved QA program.

OVERPACK NF-2000 Requires materials to Materials will be supplied by Holtec-approved
Steel be supplied by ASME- supplier with CMTRs in accordance with NF-2000
Structure approved material requirements.

supplier.

I
I

7
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Table 3-1 (page 8 of 59)
LIST OF ASME CODE EXGEPTIONSALTERNA TIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement ExceptionAternatve, Justification &
ASME Code Compensatory Measures

SectlonlArtlcle

TRANSFER NF-2000 Requires materials to Materials will be supplied by Holtec-approved
CASK Steel be supplied by ASME- supplier with CMTRs in accordance with NF-2000
Structure approved material requirements.

supplier.

OVERPACK NF-4441 Requires special The lage margins of safety in these welds under
Baseplate and examinations or loads experienced during lifting operations or
Lid Top Plate requirements for accident conditions are quite large. The

welds where a primary OVERPACK baseplate welds to the inner shell,
member of thickness pedestal shell, and radial plates are only loaded
1 inch or greater Is during lifting conditions and have a minimur large
loaded to transmit safety factors of- during lifting. Likewise, Tthe
loads in the through top lid plate to lid shell weld has a large structural
thickness direction. margin under the inertia loads imposed during a

non-mechanistic tipover event safety faster > -8
uder a deceleraion oU45-gls;

OVERPACK NF-3256 Provides requirements Welds for which no structural credit is taken are
Steel NF-3266 for welded joints. identified as 'Non-NF welds in the design drawings
Structure by an 'a. These non-structural welds are specified

in accordance with the pre-qualified welds of AWS
D1l.1. These welds shall be made by welders and
weld procedures qualified in accordance with AWS
D1.1 orASME Section X.

Welds for which structural credit is taken in the
safety analyses shall meet the stress limits for NF-
3256.2, but are not required to meet thejoint
configuration requirements spechied in these Code
articles. The geometty of the joint designs in the
cask structures are based on the fabricabilily and
accessibility of the joint, not generally contemplated
by this Code section governing supports.

I

I

I

I IL
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Table 3-1 (page 9 of 69)
UST OF ASME CODE EX3EPTIONSALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement ExceptionAlternative, Justification &
ASME Code Compensatory Measures

SectionlArticle

HI-STORM NF-3320 NF-3324.6 and NF- These Code requirements are applicable to inear
OVERPACK NF-4720 4720 provide structures wherein boltedjints carry axial, shear, as
and HI-TRAC requirements for well as rotational (torsional loads. The OVERPACK
TRANSFER bolting and TRANSFER CASK bolted connections h the
CASK structural load path are qualified by design based on

the design loadings defined in the FSAR. Boltedjoints
in these components see no shear or torsional loads
under normal storage conditions. Larger clearances
between bolts and holes may be necessary to ensure
shear Interfaces located elsewhere In the structure
engage prior to the bolts experiencing shear loadings
(which occur only during side Impact scenarios).

Boltedjoints that are subject to shear loads In
accident conditions are qualified by appropriate
stress analysis. Larger bolt-to-hole clearances help
ensure more efficient operations in making these
bolted connections, thereby minimizing time spent

- by operations personnel in a radiation area.
Additionally, larger bolt-to-hole clearances allow
interchangeability of the lids from one particular
fabricated cask to another.
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DESIGN FEATURES (continued)

3.4 Site-Specific Parameters and Analyses

Site-specific parameters and analyses that will require verification by the system user are, as
a minimum, as follows:

1. The temperature of 800 F is the maximum average yearly temperature.

2. The allowed temperature extremes, averaged over a 3-day period, shall be greater
than 400 F and less than 1250 F.

3. a. Forfree-standing casks, theresultant horizontal acceleration (vectorial sum oftwo
horizontal Zero Period Accelerations (ZPAs) at a three-dimensional seismic site),
GH, and vertical ZPA, Gv, expressed as fractions of 'g', shall satisfy the following
inequality:

GH + p Gv < p

where p is eitherthe Coulomb friction coefficient for the HI-STORM 1 00/ISFSI pad
interface or the ratio rih, where Y is the radius of the cask and 'h'is the height of
the cask center-of-gravity above the ISFSI pad surface. The above inequality
must be met forboth definitions of p. Unless demonstrated by appropriate testing
that a higher coefficient of friction value of-is appropriate for a specific ISFSI, the
value oflused shall be 0.53. Representative values of GH and Gv combinations
for pi a coefficient of friction = 0.53 to prevent sliding are provided in Table 3-2. If
acceleration time histories on the ISFSI pad surface are available, GH and Gv may
be the coincident values of the instantaneous net horizontal and vertical
accelerations. If instantaneous accelerations are used, the inequality shall be
evaluated at each time step in the acceleration time history over the total duration
of the seismic event.

Table 3-2

Representative DBE Acceleration Values to Prevent HI-STORM 100 Sliding (u = 0.53)

Equivalent Vectorial Sum of Two Corresponding Vertical ZPA (G. In g's)
Horizontal ZPA's (GH In g's)

0.445 0.160

0.424 0.200

0.397 0.250

(continued)
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DESIGN FEATURES

3.4 Site-Specific Parameters and Analyses (continued)

b. For those ISFSI sites with design basis seismic acceleration values higher than
those allowed for free-standing casks, the HI-STORM 100 System shall be
anchored to the ISFSI pad. The site seismic characteristics and the anchorage
system shall meet the following requirements:

i. The site acceleration response spectra at the top of the ISFSI pad shall
have ZPAs that meet the following inequalities:

GH <2.12-

AND

Gv < 1.5

Where:

G1, is the vectorial sum of the two horizontal ZPAs at a three-dimensional
seismic site (or the horizontal ZPA at a two-dimensional site) and Gv is the
vertical ZPA.

It. Each HI-STORM 100 dry storage cask shall be anchored with twenty-eight
(28), 2-inch diameter studs and compatible nuts of material suitable forthe

-expected ISFSI environment. The studs shall meet the following
requirements:

Yield Strength at Ambient Temperature: > 80 ksi

Ultimate Strength at Ambient Temperature: > 125 ksi

Initial Tensile Pre-Stress: > 55 ksi AND < 65 ksi

NOTE: The above anchorage specifications are required for the seismic
spectra defined in item 3A.3.b.i. Users may use fewer studs or those
of different diameter to account for site-specific seismic spectra less
severe than those specified above. The embedment design shall
comply with Appendix B of ACI-349-97. A later edition of this Code
may be used, provided a written reconciliation is performed.

iii. Embedment Concrete Compressive Strength: > 4,000 psi at 28 days

(continued)

DESIGN FEATURES;
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3.4 Site-Specific Parameters and Analyses (continued)

4. The analyzed flood condition of 15 fps water velocity and a height of 125 feet of water
(full submergence of the loaded cask) are not exceeded.

5. The potential for fire and explosion shall be addressed, based on site-specific
considerations. This includes the condition that the on-site transporter fuel tank will
contain no more than 50 gallons of diesel fuel while handling a loaded OVERPACK or
TRANSFER CASK.

6. a. For free-standing casks, the ISFSI pad shall be verified by analysis to limit cask
deceleration during design basis drop and non-mechanistic tip-over events to c
45 g's at the top of the MPC fuel basket. Analyses shall be performed using
methodologies consistent with those described in the HI-STORM 100 FSAR. A
lift height above the ISFSI pad is not required to be established if the cask is
lifted with a device designed in accordance with ANSI N14.6 and having
redundant drop protection features.

b. For anchored casks, the ISFSI pad shall be designed to meet the embedment
requirements of the anchorage design. A cask tip-over event for an anchored
cask is not credible. The ISFSI pad shall be verified by analysis to limit cask
deceleration during a design basis drop event to < 45 g's at the top of the MPC
fuel basket, except as provided for in this paragraph below. Analyses shall be
performed using methodologies consistent with those described in the HI-
STORM 100 FSAR. A lift height above the ISFSI pad is not required to be
established if the cask is lifted with a device design in accordance with ANSI
N14.6 and having redundant drop protection features.

7. In cases where engineered features (i.e., berms and shield walls) are used to ensure
that the requirements of I OCFR72. 104(a) are met, such features are to be considered
important to safety and must be evaluated to determine the applicable Quality
Assurance Category.

(continued)
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DESIGN FEATURES

3.4 Site-Specific Parameters and Analyses (continued)

8. LOADING OPERATIONS, TRANSPORT OPERATIONS, and UNLOADING
OPERATIONS shall only be conducted with working area ambient temperatures > 00
F.

9. For those users whose site-specific design basis includes an event or events (e.g.,
flood) that result in the blockage of any OVERPACK inlet or outlet air ducts for an
extended period of time (i.e, longer than the total Completion Time of LCO 3.1.2), an
analysis or evaluation may be performed to demonstrate adequate heat removal is
available for the duration of the event. Adequate heat removal is defined as fuel
cladding temperatures remaining below the short term temperature limit. If the
analysis or evaluation Is not performed, or if fuel cladding temperature limits are unable
to be demonstrated by analysis or evaluation to remain below the short term
temperature limit for the duration of the event, provisions shall be established to
provide alternate means of cooling to accomplish this objective.

10. For on-site TRANSPORT OPERATIONS with a loaded TRANSFER CASK the
requirements in Table 3-2a apply.

Certificate of Compliance No. 1014
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Table 3-2a
TRANSFER CASK Operating Limits (Notes I and 2)

TRANSFER CASK MPC Heat Load Annulus Cooling Required?
Orientaflon (k___

Vertical < 23 No

Vertical >23 Yes

Horizontal < 19 No

Horizontal > 19 Yes

Notes:

1. See FSAR Section 4.5 for examples of annulus cooling.

2. For short duration (5 6 hours) changes in orientation (e.g., vertical to horizontal to facilitate
traversing a doonvay), it is not necessary to change cooling requirements.

(continued)

I
I

I
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3.5 Cask Transfer Facility (CTF)

3.5.1 TRANSFER CASK and MPC Lifters

Lifting of a loaded TRANSFER CASK and MPC outsideusing devices that aem not |
integral to of structures governed by 10 CFR Part 50 shall be performed with a CTF
that is designed, operated, fabricated, tested, inspected, and maintained in accordance
with the guidelines of NUREG-0612, "Control of HeavyLoads at NuclearPowerPlants*
and the below clarifications. The CTF Structure requirements below do not apply to
heavy loads bounded by the regulations of 10 CFR Part 50.

3.5.2 CTF Structure Requirements

3.52.1 Cask Transfer Station and Stationary Lifting Devices

1 . The metal weldment structure of the CTF structure shall be designed
to comply with the stress limits of ASME Section 111, Subsection NF,
Class 3 for linear structures. - The applicable loads, load
combinations, and Iassociated service condition definitions are
provided in Table 3-3. All compression loaded members shall satisfy
the buckling criteria of ASME Section 111, Subsection NF.

2. If a portion of the CTF structure is constructed of reinforced
concrete, then the factored load combinations set forth in ACI-318
(89) for the loads defined in Table 3-3 shall apply.

3. The TRANSFER CASK and MPC lifting device used with the CTF
shall be designed, fabricated, operated, tested, Inspected and
maintained in accordance with NUREG-0612, Section 5.1.

4. The CTF shall be designed, constructed, and evaluated to ensure
that if the MPC is dropped during inter-cask transfer operations, its
confinement boundary would not be breached. This requirements
applies to CTFs with either stationary or mobile lifting devices.

(continued)
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3.5.2.2 Mobile Lift Devices

If a mobile lifting device is used as the lifting device, in lieu of a stationary
lifting device, is shall meet the guidelines of NUREG- 0612, Section 5.1,
with the following clarifications:

1. Mobile lifting devices shall have a minimum safety factor of two over
the allowable load table for the lifting device in accordance with the
guidance of NUREG-0612, Section 5.1.6(1)(a) and shall be capable
of stopping and holding the load during a Design Basis Earthquake
(DBE) event.

2. Mobile lifting devices shall conform to meet the requirements of ANSI
B30.5, 'Mobile and Locomotive Cranes,' in lieu of the requirements
of ANSI B30.2, Overhead and Gantry Cranes.

3. Mobile cranes are not required to meet the requirements of NUREG-
0612, Section 5.1.6(2) for new cranes.

4. Horizontal movements of the TRANSFER CASK and MPC using a
mobile crane are prohibited.

IS

(continued)
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Table 3-3

Load Combinations and Service Condition Definitions for the CTF Structure (Note 1)

Load Combination ASME NII Service Condition Comment
for Definition of AllowableX

Stress

D' - : : - All primary load bearing
Level A members must satisfy Level A

D+S stress limits

D + M + W' Factor of safety against
(Note 2) overturning shall be > 1.1

D+F Level D

D+E

D + Y_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D = Dead load
t' D* = Apparent dead load

S = Snow and ice load for the CTF site
M = Tornado missile load for the CTF site
W'= Tornado wind load for the CTF site
F = Flood load for the CTF site
E = Seismic load for the CTF site
Y = Tsunami load for the CTF site

Notes: 1. The reinforced concrete portion of the CTF structure shall also meet the factored
combinations of loads set forth in ACI-318(89).

2. Tornado missile load may be reduced or eliminated based on a PRA for the CTF site.
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3.6 Forced Helium Dehydration System

3.6.1 System Description

Use of the Forced Helium Dehydration (FHD) system, (a closed-loop system) is an
alternative to vacuum drying the MPC for moderate bumup fuel (5 45,000 MWDIMTU)
and mandatory for drying MPCs containing one or more high burnup fuel assemblies.
The FHD system shall be designed for normal operation (i.e., excluding startup and
shutdown ramps) in accordance with the criteria in Section 3.6.2.

3.6.2 Design Criteria

3.6.2.1 The temperature of the helium gas in the MPC shall be at least 15IF higher
than the saturation temperature at coincident pressure.

3.6.2.2 The pressure in the MPC cavity space shall be < 60.3 psig (75 psia).

3.6.2.3 The hourly recirculation rate of helium shall be > 10 times the nominal helium
mass backfilled into the MPC for fuel storage operations.

3.6.2.4 The partial pressure of the water vapor in the MPC cavity will not exceed 3
torr. The limit will be met if the hetmgas temperature at the demoisturizer
outlet is verified by measurement to remain < 21IF fora period of 30 minutes
or if the dew point of the gas exiting the MPC is verified by measurement to
remain < 22.90F for > 30 minutes.

3.6.2.5 The condensing module shall be designed to de-vaporize the recirculating
helium gas to a dew point < 1200F.

3.6.2.6 The demoisturizing module shall be configured to be introduced into its
helium conditioning function after the condensing module has been operated
for the required length of time to assure that the bulk moisture vaporization
in the MPC (defined as Phase I in FSAR Appendix 2.B) has been completed.

3.6.2.7 The helium circulator shall be sized to effect the minimum flow rate of
circulation required by these design criteria.

3.6.2.8 The pre-heater module shall be engineered to ensure that the temperature
of the helium gas in the MPC meets these design criteria.

(continued)
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3.6 Forced Helium Dehydration System (continued)

3.6.3 Fuel Cladding Temperature

A steady-state thermal analysis of the MPC under the forced helium flow scenario shall
be performed using the methodology described In HI-STORM 100 FSAR Section
4.4,Cubsections 4A.1.1.1 through 4.4.1.1.4. with due recognition of the forced
convection process during FHD system operation. This analysis shall demonstrate
that the peak temperature of the fuel cladding under the most adverse condition of
FHD system operation, is below the peak cladding temperature limit for normal
conditions of storage for the applicable fuel type (PWR or BWR) and cooling time at
the start of dry storage.

I
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NRC FORM 651 U.S. NUCLEAR REGULATORY COMMISSION
1(341999I
10 CM 72 CERTIFICATE OF COMPLIANCE

FOR SPENT FUEL STORAGE CASKS Page 1 Of
. .~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~H

The U.S. Nuclear Regulatory Commission Is Issuing this Certificate of Compliance pursuant to Title 10 of the Code of Federal
Regulations, Part 72, ULicensing Requirements for Independent Storage of Spent Nuclear Fuel and High-Level Radioactive Wasteo (10
CFR Part 72). This certificate Is Issued In accordance with 10 CFR 72.238, certifying that the storage design and contents described
below meet the applicable safety standards set forth In 10 CFR. Part 72. Subpart L, and on the basis of the Final Safety Analysis Repo
(FSAR) of the cask design. This certificate Is conditional upon fulfilling the requirements of 10 CFR Part 72, as applicable, and the
conditions specified below.=-

Certficatso | Effective Date |xiratonDate | Number e o. mendmetDate Package denffiionNo.1

1014 05/31/00 06/01/20 72-1014 2 f USAJ72-1014 |
Issued To Name/Address)

Holtec International
Holtec Center
555 Lincoln Drive West
Mariton, NJ 08053

Safety AaysIs L-Report Title

Holtec International Final Safety Analysls Report for the HI-STORM 100 C k System
Docket No. 72-1014

CONDITIONS

This certificate is conditioned upon fulfilling the rquirements 6f11 -CFR Part. 72,as applicable:',the attached Appendix
A (Technical Specifications) and Appendix B- (Approved Coritents'andDesign Features), and-the conditions specified
below: -

1. CASK -

a. Model No.: HI-STORM 100O0 WAk ,- r ;

The HI-STORM 100 Cask Systemf c osis f t owngcmponents ti interchangeable
multi-purpose canisters (MPCs) WiVch'contain theftet 2) a storage overpack I STORM), which contains
the MPC during storage; and (3) a transfer cask (HI TRAC) whrchAcontains fheMPC during loading,
unloading and transfer operations. The cask store's' upo2 pressuzed water reactor (PWR), fuel
assemblies or 68 boiling wa reactor (BWR) fueliassemblies.

b. Description

The HI-STORM 100 Cask System is certified as desibed,1r the IFihal Safety Analysis Report (FSAR) and in
the U. S. Nuclear Regulatory Commission's (NRC) Safety Evaluation Report (SER) accompanying the
Certificate of Compliance. The cask comprises three discrete components: the MPCs, the HI-TRAC transfer
cask, and the HI-STORM storage overpack.

The MPC is the confinement system for the stored fuel. It Is a welded, cylindrical canister with a
honeycombed fuel basket, a baseplate, a lid, a closure ring, and the canister shell. It is made entirely of
stainless steel except for the neutron absorbers and aluminum heat conduction elements (AHCEs), which
are installed In some early-vintage MPCs. The canister shell, baseplate, lid, vent and drain port cover plates,
and closure ring are the main confinement boundary components. The honeycombed basket, which is
equipped with neutron absorbers, provides criticality control.
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1. b. Description (continued)

There are eight types of MPCs: the MPC-24, MPC-24E, MPC-24EF, MPC-32, MPC-32F, MPC-68, MPC-68F,
and MPC-68FF. The number suffix indicates the maximum number of fuel assemblies permitted to be loaded
in the MPC. All eight MPC models have the same external diameter.

The HI-TRAC transfer cask provides shielding and structural protection of the MPC during loading, unloading,
and movement of the MPC from the spent fuel pool to the storage overpack. The transfer cask is a multl-
walled (carbon steel/lead/carbon steel) cylindrical vessel with a water jacket attached to the exterior. Two
sizes of HI-TRAC transfer casks are available: the 125 ton-HI-TRAC and the 100 ton HI-TRAC. The weight
designation is the maximum weight of a loaded transfer cask during any loading, unloading or transfer
operation. Both transfer cask sizes have identical cavity diameters. The 125 ton HI-TRAC transfer cask has
thicker lead and water shielding and larger outer dimensions than the 100 ton HI-TRAC transfer cask.

The HI-STORM 100 or 100S storage overpack frbvides shielding and structural protection of the MPC during
storage. The HI-STORM 1 00S is a variation of the HI-STORMA100 overpack design that incudes a modified
lid which incorporates the air outlet ducts into the lid, allowing the overpack body to be shortened. The
overpack is a heavy-walled steel arid concrete, cylindrical vessel. Its side walFonsists of plain (un-reinforced)
concrete that is enclosed between inner and outer carbon steel shells. The overpack has a minimum of four
air inlets at the bottom and a^minimum of four air outlets at the top to allow air to circulate naturally through the
cavity to cool the MPC inside. The inner shell has channels attached to its interior iuface to guide the MPC
during insertion and removal, provide a flexible medium to absorb impact loads, and allow cooling air to
circulate through the overpack. A loaded MPC is stored within the HI-'l STORM 100 odr 10S storage overpack
in a vertical orientation. The HI-STORM 100A is a variant of the HI-STORM 100 family and is outfitted with an
extended baseplate and gussets to enable the overpack to be anchored'*o the concre& storage pad in high
seismic applications., The HI-STORM 100A applies to both the HI,-STORM 100 and HI-STORM 100S
overpacks that are classified as the HI-STORM loQAmand HI-STORM'IOOSA, respectively.

2. OPERATING PROCEDURES.,,-'

Written operating procedures sh,,l be prepa for ask had Tng, loadirj mvement, 'uveillance, and
maintenance. The user's site-specifi written operating predures shall beconsistent with the technical basis
described In Chapter 8 of the FSAR:; -, -. i- ' -" .

3. ACCEPTANCE TESTS AND MAINTENANCE PROGRAMI-'L.;

Written cask acceptance tesi anrd maintenance prograrrn' shall be prepared consistent with the technical basis
described in Chapter 9 of the ISAR. '-

4. QUALITY ASSURANCE

Activities in the areas of design, purchase, fabrication, assembly, inspection, testing, operation, maintenance,
repair, modification of structures, systems and components, and decommissioning that are important to safety
shall be conducted in accordance with a Commission-approved quality assurance program which satisfies the
applicable requirements of 10 CFR Part 72, Subpart G, and which is established, maintained, and executed
with regard to the cask system.
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5. HEAVY LOADS REQUIREMENTS

Each lift of an MPC, a HI-TRAC transfer cask, or a Hi-STORM 100 or 100S overpack must be made In
accordance to the existing heavy loads requirements and procedures of the licensed facility at which the
rft is made. A plant-specific safety review (under 10 CFR 50.59 or 10 CFR 72.48, if applicable) is required
to show operational compliance with existing plant specific heavy loads requirements. Lifting operations
outside of structures governed by 10 CFR Part 50 must be In accordance with Section 5.5 of Appendix A
andfor Sections 3.4.6 and Section 3.5 of Appendix B to this certificate, as applicable.

6. APPROVED CONTENTS

Contents of the HI-STORM 100 Cask System must meet the fuel specifications given in Appendix B to this
certificate. <.

7. DESIGN FEATURES -

Features or characteristics forthe site, cask, or ancillary equipment must be intccordance with Appendix B to
this certificate.

8. CHANGES TO THE CERTIFICATE OF COMPLIANCE

The holder of this certfickte who dsires' to make changes to the certificate, which includes Appendix A
(Technical Specificatforis) and Appendix B (Approved Contents and <Design Features), shall submit an
application for amendment of the certificate. - -

9. SPECIAL REQUIREMENTS FOR FIR -1 SYSTEMS IN PLACE

The heat transfer characterlstlcsb the Cask".s.r,.W re orde b tmperature measurements for the
first HI-STORM Catk'SystemV Forach thebnA MPC basket desfgh.;MPC-24I24E/24EF, MPC-
32/32F, and MPC-68168F/68Fpjtealced Into s -cgy Fnyiuser with a h If16ad equalo or greater than 10
kW. An analysis shall bperformed tat dem~ontrates he temperatureibeasurements validate the analytic
methods and predictdPtie rmal behavior de Ind:Chapter,4of thet FOAR.

~~~~~~~~~ent- 1ht ha a hea loa tha .e.xceeds.

Validation tests shall be pefformed for each subsequent Bask system that has a heat load that exceeds a
previously validated heat toad by more than 2 kWW.,Jif te initial test was conducted at 10 kW, then no
additional testing Is needed ontil Vte heat load exceeds' 12'kW). No additional testing is required for a system
after It has been tested at a heatelod equal to or greater than 16 kW.

Letter reports summarizing the results of each.validation test hall ib submitted to the NRC in accordance with
10 CFR 72.4. Cask users may satisfy these requfr ie sfi Biy eferencing validation test reports submitted to
the NRC by other cask users.

I ,
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10. PRE-OPERATIONAL TESTING AND TRAINING EXERCISE

A dry run training exercise of the loading, closure, handling, unloading, and transfer of the HI-STORM 100
Cask System shall be conducted by the licensee prior to the first use of the system to load spent fuel
assemblies. The training exercise shall not be conducted with spent fuel in the MPC. The dry run may be
performed In an alternate step sequence from the actual procedures, but all steps must be performed. The dry
run shall include, but is not limited to the following:

a. Moving the MPC and the transfer cask into the spent fuel pool.

b. Preparation of the HI-STORM 100 Cask System for fuel loading.

c. Selection and verification of specific fuel assemblies to ensure type conformance.

d. Loading specific assemblies and pldcing ;assemnblies iIle MPC (using a dummy fuel assembly),
including appropriate independendtverification.

e. Remote installation of the MPC lid and removal of the MPC and transfer cask from the spent fuel pool.

f. MPC welding, NDE inspections, pressure testing, draining, moisture removal (by vacuum drying or
forced helium dehydration, as applicable), and helium backfilling. (A mockup' may be used for this dry-
run exercise.),

a. Transfer cask' Upending/doneding on the horizontal transfer trailer or other transfer device, as
applicable to the site's cask haling arrangement. .

h. Transfer of the MPC from the trnsfe cask- t e overpack.

i. Placement ' the HI-STORM 1Q.'CaskSm t te FS

J. HI-STORM 100 Cask Systenm iuznloadiiig~ IncIliding coo ing fuel assemblies, fliodig MPC cavity,
removing MPG lid weldsi. (A ockup may be used fr«ihis dry-run exercise.)

11. AUTHORIZATION

The HI-STORM 100 Cask Stem, which Is authorized by this certificate, is hereby approved for general use
by holders of 10 CFR Part 50 licenses for nuclear reactors at reactor sites under the general license issued
pursuant to 10 CFR 72.210, subject to the conditions specified by 10 CFR 72.212, and the attached Appendix
A and Appendix B. The HI-STORM 100 Cask System may be fabricated and used in accordance with any
approved amendment to CoC No. 1014 listed in1 0 CFR 72.214. Each of the licensed HI-STORM 100 System
components (i.e., the MPC, overpack, and transfer cask), if abricated in accordance with different CoC
amendments, may be used with one another provided the CoC does not specifically prohibit their use with
each other, and a design compatibirity assessment is performed by the CoC holder.

FOR THE U. S. NUCLEAR REGULATORY COMMISSION

E. William Brach, Director
Spent Fuel Project Office
Office of Nuclear Material Safety
and Safeguards

Attachments:
1. Appendix A
2. Appendix B

I
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Multi-Purpose Canister (MPC)
3.1.1

3.1 SFSC INTEGRITY

3.1.1 Multi-Purpose Canister (MPC)

LCO 3.1.1 The MPC shall be dry and helium filled.

APPLICABILITY: During TRANSPORT OPERATIONS and STORAGE
OPERATIONS. -

ACTIONS
I'm"

Separate Condition entry is allowed for each MPC.

COMPLETIONCONDITION REQUIRED ACTION TIME

A. MPC cavity vacuum A.1 Perform an engineering 7 days
drying pressure or evaluation to determine the
demoisturizer exit gas quantity of moisture left in
temperature limit not the MPC.
met.

AND

A.2 Develop and initiate
corrective actions necessary 30 days
to return the MPC to an
analyzed condition.

B. MPC helium backfill B.1 Perform an engineering 72 hours
limit not met. evaluation to determine the

impact of helium differential.

AND

B.2 Develop and initiate 14 days
corrective actions necessary
to return the MPC to an
analyzed condition.

Certificate of Compliance No. 1014
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Multi-Purpose Canister (MPC)
3.1.1

ACTIONS
(continued)

CONDITION REQUIRED ACTION COMPLETION

C. Required Actions and C.1 Remove all fuel assemblies 30 days
associated Completion from the SFSC.
Times not met.

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.1.1.1 Verify that the MPC cavity has been dried in Once, prior to
accordance with the applicable limits in Table 3-1. TRANSPORT

OPERATIONS

SR 3.1.1.2 Verify MPC helium backfill quantity is within the Once, prior to
limit specified in Table 3-2 for the applicable MPC TRANSPORT
model. OPERATIONS

I
I
I

I
I
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SFSC Heat Removal System
3.1.2

3.1 SFSC INTEGRITY

3.1.2 SFSC Heat Removal System

LCO 3.1.2 The SFSC Heat Removal System shall be operable

APPLICABILITY: During STORAGE OPERATIONS.

ACTIONS
- -- ------------------- -- ----- ------ v .L-

Separate Condition entry is allowed for each SFSC.

COMPLETION
CONDITION REQUIRED ACTION TIME

A. SFSC Heat Removal A.1 Restore SFSC Heat Removal 8 hours
System inoperable. System to operable status.

B. Required Action A.1 and B.1 Measure SFSC dose rates in Immediately and
associated Completion accordance with the Radiation once per 12 hours
Time not met. Protection Program. thereafter

AND

B.2.1 Restore SFSC Heat 64 hours, if MPC
Removal System to heat load is
operable status. < 28.74 kW

OR

16 hours, if MPC
heat load is
> 28.74 kW

OR

B.2.2 Transfer the MPC into a 64 hours, if MPC
TRANSFER CASK. heat load is

< 28.74 kW

OR

16 hours, if MPC
heat load is
> 28.74 kW

Certificate of Compliance No. 1014
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SFSC Heat Removal System
3.1.2

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.1.2.1 Verify all OVERPACK inlet and outlet air ducts are
free of blockage.

24 hours

24 hours

OR

For OVERPACKS with installed temperature
monitoring equipment, verify that the difference
between the average OVERPACK air outlet
temperature and ISFSI ambient temperature is
< 145 0F.

Certificate of Compliance No. 1014
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Fuel Cool-Down
3.1.3

3.1 SFSC INTEGRITY

3.1.3 Fuel Cool-Down

LCO 3.1.3 The MPC cavity bulk helium temperature shall be < 2000 F I

L T
MLI J I I",

The LCO is only applicable to wet UNLOADING OPERATIONS.

APPLICABILITY: UNLOADING OPERATIONS prior to re-flooding.

ACTIONS
- ~~~~~NOTE

Separate Condition entry is allowed for each MPC.

CONDmON REQUIRED ACTION COMPLETION

A. MPC cavity bulk helium A.1 Establish MPC cavity bulk Prior to initiating
temperature not within helium temperature within MPC re-flooding
limit limit. operations

AND

A.2 Ensure adequate heat Immediately
transfer from the MPC to the
environment.

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.1.3.1 Ensure via analysis or direct measurement of Prior to MPC re-
MPC exit gas temperature that MPC cavity bulk flooding
helium temperature is within limit. operations.

Cerfificate of Compliance No. 1014
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Deleted
32.1

I

32 Deleted.

3.2.1 Deleted.

LCO 32.1 Deleted

Certificate of Compliance No. 1014
Appendix A
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Deleted
3.2.3

I

32 Deleted.

32.3 Deleted.

LCO 32.3 Deleted. I

Certificate of Compliance No. 1014
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Boron Concentration
3.3.1

3.3 SFSC CRITICALITY CONTROL

3.3.1 Boron Concentration

LCO 3.3.1 As required by CoC Appendix B, Table 2.1-2, the concentration of boron
in the water in the MPC shall meet the following limits for the applicable
MPC model and the most limiting fuel assembly array/class and
classification to be stored In the MPC: I
a. MPC-24 with one or more fuel assemblies having an initial

enrichment greater than the value in Table 2.1-2 for no soluble boron
credit and < 5.0 wt% 2mU: > 400 ppmb

b. MPC-24E or MPC-24EF (all INTACT FUELASSEMBLIES) with one
or more fuel assemblies having an initial enrichment greater than the
value in Table 2.1-2 for no soluble boron credit and c 5.0 wt% 235U:

> 300 ppmb

c. Deleted.

d. Deleted.

e. MPC-24E or MPC-24EF (one or more DAMAGED FUEL ASSEMBLIES or
FUEL DEBRIS) with one or more fuel assemblies having an initial
enrichment > 4.0 wt% 3U and < 5.0 wt% 235 U: > 600 ppmb

f. MPC-32/32F: Minimum soluble boron concentration as required by the table
below.

I

I

All ITACTFUEL SSEMLIESOne or more DAMAGED FUELAll INTACT FUEL ASSEMBLIES ASSEMBLIES or FUEL DEBRIS

Array/Class Initial Enrichment Initial Enrichment Initial Initial
< 4.1 wt% M U < 5.0 wt% a U Enrichment Enrichment -

(ppmb) (ppmb) < 4.1 wt% /35 U < 5.0 wt% 235 U

(ppmb) (ppmb)

14x14ANB/C/D/E 1,300 1,900 1,500 2,300

15x15AJBIC/G 1,800 2,500 1,900 2,700

15x15D/EJF/H 1,900 2,600 2,100 2,900

16x16A 1,300 1.900 1,500 2,300

17x17A/B/C 1,900 - 2,600 2,100 2,900

Certificate of Compliance No. 1014
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Boron Concentration
3.3.1

APPLICABILITY: During PWR fuel LOADING OPERATIONS with fuel and water in the
MPC

AND

During PWR fuel UNLOADING OPERATIONS with fuel and water in the
MPC.

ACTIONS
NOT Mt

Separate Condition entry is allowed for each MPC.

CONDITION REQUIRED ACTION COMPLETION

A. Boron concentration not A.1 Suspend LOADING Immediately
within limit. OPERATIONS or

UNLOADING OPERATIONS.

AND

A.2 Suspend positive reactivity Immediately
additions.

AND

A.3 Initiate action to restore boron Immediately
concentration to within limit.

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

___________- -NOTE- Once, within 4
This surveillance is only required to be performed if the MPC is hours prior to
submerged in water or if water is to be added to, or recirculated through entering the
the MPC. Applicability of this

_ __ __ __ _----- LCO.

SR 3.3.1.1 Verify boron concentration is within the applicable AND
limit using two independent measurements.

Once per 48
hours thereafter.

Certificate of Compliance No. 1014
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MPC Cavity Drying Limits
Table 3-1

Table 3-1
MPC Cavity Drying Limits (Note 1)

Fuel Burnup MPC Heat Load Method of Other Requirements
(MWDIMTU) (kW) Moisture Removal (Notes 4 and 5)

___________________ ~~(Notes 2'and 3)

All Assemblies c45,000 < 9 VDS or FHD None

If VDS is used,

All Assemblies < 45,000 > 9 and < 15 VDS or FHD annulus water
_ _ ~~~~~~~~~~~~~~~recirculation is

required

If VDS is used, fuel
cladding hoop stress

All Assemblies < 45,000 > 9 and < 17 VDS or FHD shall be shown by
analysis to be < 90

MPa

All Assemblies < 45,000 > 17 and < 38 FHD None

One or more
assemblies > 45,000 <38 FHD None

I

I

I
I

I
I
I
I
I

I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

.1
I
I
I
I

Notes:

1. If the limits in two or more rows apply, the user may choose one set of limits to
implement.

2. VDS means Vacuum Drying System. The acceptance criterion for VDS is MPC cavity
pressure shall be < 3 torr for > 30 minutes.

3. FHD means Forced Helium Dehydration System. The acceptance criterion for the FHD
System is gas temperature exiting the demoisturizer shall be < 21'F for > 30 minutes or
gas dew point exiting the MPC shall be < 22.90F for > 30 minutes .

4. Annulus water recirculation means a constant flow of water through the annulus
between the MPC and the HI-TRAC inner shell during moisture removal operations (i.e.,
beginning prior to 10 torr descending and ending when helium backfill operations
commence).

5. Fuel cladding hoop stress calculations may be performed using Obest estimate inputs.

Certificate of Compliance No. 1014
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MPC Helium Backfill Limits
Table 3-2

I
I
I
I

I Table 3-2
MPC Helium Backfill Limits1

MPC MODEL LIMIT

MPC-24/24E124EF

i. Cask Heat Load c 27.77 kW (MPC-24)
or < 28.17 kW (MPC-24E/EF)

ii. Cask Heat Load > 27.77 kW (MPC-24)
or > 28.17 kW (MPC-24EIEF)

MPC-68/68FI68FF

i. Cask Heat Load < 28.19 kW

ii. Cask Heat Load > 28.19 kW

MPC-32132F

i. Cask Heat Load < 28.74 kW

ii. Cask Heat Load > 28.74 kW

> 29.3 psig and < 48.8 psig

> 45.2 psig and < 48.8 psig

0.1218 +01-10% 9-molesll

OR

> 29.3 psig and < 48.8 psig

> 45.2 psig and < 48.8 psig

> 29.3 psig and < 48.8 psig

> 45.2 psig and < 48.8 psig

I

I

.I

Helium used for backfill of MPC shall have a purity of > 99.995%. Pressure range is at a
reference temperature of 700F

Certificate of Compliance No. 1014
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Programs
5.0

5.0 ADMINISTRATIVE CONTROLS AND PROGRAMS

The following programs shall be established, Implemented and maintained.

5.1 Deleted.

5.2 Deleted.

5.3 Deleted.

5A Radioactive Effluent Control PWram

This program implements the requirements of 10 CFR 72.44(d).

a. The HI-STORM 100 Cask System does not create any radioactive materials or
have any radioactive waste treatment systems. Therefore, specific operating
procedures for the control of radioactive effluents are not required.
Specification 3.1.1, Multi-Purpose Canister (MPC), provides assurance that
there are not radioactive effluents from the SFSC.

b. This program indudes an environmental monitoring program. Each general
license user may incorporate SFSC operations into their environmental
monitoring programs for 10 CFR Part 50 operations.

c. -An annual report shall be submitted pursuant to 10 CFR 72.44(d)(3).

(continued)
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Programs
5.0

ADMINISTRATIVE CONTROLS AND PROGRAMS

5.5 Cask Transvort Evaluation Program

This program provides a means for evaluating various transport configurations and
transport route conditions to ensure that the design basis drop limits are met. For lifting
of the loaded TRANSFER CASK or OVERPACK using devices which are integral to
a structure governed by 10 CFR Part 50 regulations, 10 CFR 50 requirements apply.
This program is not applicable when the TRANSFER CASK or OVERPACK is in the
FUEL BUILDING or is being handled by a device providing support from underneath
(i.e., on a rail car, heavy haul trailer, air pads, etc.).

Pursuant to 10 CFR 72.212, this program shall evaluate the site-specific transport route
conditions.

a. For free-standing OVERPACKS and the TRANSFER CASK, the following
requirements apply

1. The lift height above the transport route surface(s) shall not exceed the
limits in Table 5-1 except as provided for in Specification 5.5.a.2. Also,
the program shall ensure that the transport route conditions (i.e., surface
hardness and pad thickness) are equivalent to or less limiting than either
Set A or Set B in HI-STORM FSAR Table 2.2.9.

2. For site-specific transport route surfaces that are not bounded by either
the Set A or Set B parameters of FSAR Table 2.2.9, the program may
determine lift heights by analysis based on the site-specific conditions to
ensure that the impact loading due to design basis drop events does not
exceed 45 g's at the top of the MPC fuel basket These alternative
analyses shall be commensurate with the drop analyses descnbed in the
Final SafetyAnalysis Reportforthe HI-STORM 100 Cask System. The
program shall ensure that these alternative analyses are documented
and controlled.

(continued)
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Programs
5.0

ADMINISTRATIVE CONTROLS AND PROGRAMS

5.5 Cask Transgort Evaluation Progrram (continued)

3. The TRANSFER CASK or OVERPACK, when loaded with spent fuel,
may be lifted to any height necessary during transportation between the
FUEL BUILDING and the CTF andlor ISFSI pad, provided the lifting
device is designed in accordance with ANSI N14.6 and has redundant
drop protection features.

4. The TRANSFER CASK and MPC, when loaded with spent fuel, may be
lifted to those heights necessary to perform cask handling operations,
including MPC transfer, provided the lifts are made with structures and
components designed in accordance with the crteria specified in Section
3.5 of Appendix B to Certificate of Compliance No. 1014, as applicable.

b. For the transport of OVERPACKS to be anchored to the ISFSI pad, the
following requirements apply:

1. Except as provided in 5.5.b.2, user shall determine allowable
OVERPACK lift height limit(s) above the transport route surface(s) based
on site-specific transport route conditions. The lift heights shall be
determined by evaluation or analysis, based on limiting the design basis
cask deceleration during a postulated drop event to c 45 g's at the top
of the MPC fuel basket. Evaluations and/oranalyses shall be performed
using methodologies consistent with those in the HI-STORM 100 FSAR.

2. The OVERPACK, when loaded with spent fuel, may be lifted to any
height necessary during transportation between the FUEL BUILDING
and the CTF and/or ISFSI pad provided the lifting device is designed in
accordance with ANSI N14.6 and has redundant drop protection
features.

(continued)
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Programs
5.0

ADMINISTRATIVE CONTROLS AND PROGRAMS

5.5 Cask Transport Evaluation Pro-ram (continued)

Table 5-1

TRANSFER CASK and Free-Standing OVERPACK Lifting Requirements

ITEM ORIENTATION LIFTING HEIGHT LIMIT
(in.)

TRANSFER CASK Horizontal 42 (Notes 1 and 2)

TRANSFER CASK Vertical None Established (Note 2)

OVERPACK Horizontal Not Permitted

OVERPACK Vertical 11 (Note 3)

Notes: 1. To be measured from the lowest point on the TRANSFER CASK (i.e., the
bottom edge of the cask/lid assemblage)

2. See Technical Specification 5.5.a.3 and 4

3. See Technical Specification 5.5.a.3.

(continued)
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Programs
5.0

ADMINISTRATIVE CONTROLS AND PROGRAMS

5.6 Deleted.

5.7 Radiation Protection Program I

5.7.1 Each cask usershall ensurethatuthe Part 50 radiation protection program appropriately I
addresses dry storage cask loading and unloading, as well as ISFSI operations, I
including transport of the loaded OVERPACK or TRANSFER CASK outside of facilities
governed by 10 CFR Part 50. The radiation protection program shall include appropriate |
controls for measuring dose rates, ensuring compliance with applicable regulations, and I
implementing actions to maintain personnel occupational exposures As Low As
Reasonably Achievable (ALARA). This program provides a means to help ensure that
licensees using the HI-STORM 100 System do not violate the dose limits in 10 CFR 72. I
The actions and criteria to be included in the program are provided below. l

5.72 As part of its evaluation pursuant to 10 CFR 72.212(bX2)(iXC), the licensee shall |
perform an analysis to confirm that the dose limits of 10 CFR 72.104(a) will be satisfied
under the actual site conditions and ISFSI configuration, considering the planned
number of casks to be deployed and the cask contents. I

5.7.3 Based on the analysis performed pursuant to Section 5.72, the licensee shall establish
cask surface dose rate limits for the HI-TRAC TRANSFER CASK and the HI-STORM
OVERPACK to be used at the site. Average neutron and gamma dose rate limts shall |
be established at the following locations:

a. The top of the TRANSFER CASK and the OVERPACK.I
b. The side of the TRANSFER CASK and OVERPACK.
c. The average of the inlet and outlet ducts on the OVERPACK I

5.7A The licensee shall measure the TRANSFER CASK and OVERPACK surface neutron [
and gamma dose rates and calculate average values as described in Section 5.7.7 and
5.7.8 for comparison against the limits established in Section 5.7.3. I

5.7.5 If the measured average surface dose rates exceed the limits established in Section |
5.7.3, the licensee shall: I

a. Administratively verify that the correct contents were loaded in the correct fuel |
storage cell locations. -

b. Perform an evaluation to verify whether placement of the as-loaded OVERPACK
at the ISFSI will cause the dose limits of 10 CFR 72.104 to be exceeded.

5.7.6 If the evaluation performed pursuant to Section 5.7.5 shows that the dose limits of 10
CFR 72.104 will be exceeded, appropriate corrective action shall be taken to ensure the
dose limits are not exceeded.
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Programs
5.0

ADMINISTRATIVE CONTROLS AND PROGRAMS

5.7 Radiation Protection Program (cont'd) l

5.7.7 TRANSFER CASK and OVERPACK surface dose rates shall be measured at |
approximately the following locations: I

a. A minimum of 12 dose rate measurements shall be taken on the side of the
TRANSFER CASK in three sets of four measurements. One measurement
set shall be taken approximately at the cask mid-height plane. The second
and third measurement sets shall be taken approximately 60 inches above |
and below the mid-height plane, respectively. Within each set, the I
measurement locations shall be approximately 90 degrees apart around the
circumference of the cask. Dose rates shall be measured between the radial
ribs of the water jacket. i

b. A minimum of four (4) TRANSFER CASKtop lid dose rates shall be measured I
at locations approximately half way between the edge of the hole in the top lid
and the outer edge of the top lid, 90 degrees apart around the circumference
of the top lid.

c. A minimum of 12 dose rate measurements shall be taken on the side of the
OVERPACK in three sets of four measurements. One measurement set shall
be taken approximately at the cask mid-height plane, 90 degrees apart around
the circumference of the cask. The second and third measurement sets shall }
be taken approximately 60 inches above and below the mid-height plane,
respectively, also 90 degrees apart around the circumference of the cask.

d. A minimum of five (5) dose rate measurements shall be taken on the top of I
the OVERPACK. One dose rate measurement shall be taken at approximately
the center of the lid and four measurements shall be taken at locations on the
top concrete shield, approximately half way between the center and the edge |
of the top shield, 90 degrees apart around the circumference of the lid.

e. A dose rate measurement shall be taken on contact at the surface of each I
inlet and outlet vent duct screen. I

5.7.8 The average measured dose rates shall be calculated by summing the individual
neutron and gamma dose rates measured in Sections 5.7.7.a through 5.7.7.e and
dividing by the total number of measurements for that section. The neutron and
gamma dose rates shall be averaged separately.
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Definitions
1.0

1.0 Definitions

-NOTE --
The defined terms of this section appear in capitalized type and are applicable throughout these
Technical Specifications and Bases.

Term Definition

CASK TRANSFER FACILITY
(CTF)

DAMAGED FUEL ASSEMBLY

DAMAGED FUEL CONTAINER
(DFC)

The CASK TRANSFER FACILITY includes the following
components and equipment: (1) a CaskTransfer Structure
used to stabilize the TRANSFER CASK and MPC during
lifts invohnng spent fuel not bounded by the regulations of
10 CFR Part 50, and (2) Either a stationary lifting device or
a mobile lifting device used in concert with the stationary
structure to lift the OVERPACK, TRANSFER CASK, and
MPC

DAMAGED FUEL ASSEMBLIES are fuel assemblies with
known or suspected cladding defects, as determined by a
review of records, greater than pinhole leaks or hairline
cracks, empty fuel rod locations that are not filled with
dummy fuel rods, or those that cannot be handled by
normal means. Fuel assemblies that cannot be handled by
normal means due to fuel cladding damage are
considered FUEL DEBRIS.

DFCs are specially designed enclosures for
DAMAGED FUEL ASSEMBLIES or FUEL DEBRIS which
permit gaseous and liquid media to escape while
minimizing dispersal of gross particulates. DFCs
authorized for use in the HI-STORM 100 System are as
follows:

1. Holtec Dresden Unit 1/Humboldt Bay design

2. Transnuclear Dresden Unit I design

3. Holtec Generic BWR design

4. Holtec Generic PWR design

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

(continued)
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Definitions
1.0

1.0 Definitions (continued)

INTACT FUEL ASSEMBLY

LOADING OPERATIONS

MINIMUM ENRICHMENT

MULTI-PURPOSE CANISTER
(MPC)

NON-FUEL HARDWARE

INTACT FUEL ASSEMBLIES are fuel assemblies without
known or suspected cladding defects greater than pinhole
leaks or 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).

LOADING OPERATIONS include all licensed activities on
an OVERPACK or TRANSFER CASK while it is being
loaded with fuel assemblies. LOADING OPERATIONS
begin when the first fuel assembly is placed in the MPC
and end when the OVERPACK or TRANSFER CASK is
suspended from or secured on the transporter. LOADING
OPERATIONS does not included MPC transfer between
the TRANSFER CASK and the OVERPACK.

MINIMUM ENRICHMENT is the minimum assembly
average enrichment. Natural uranium blankets are not
considered in determining minimum enrichment.

MPCs are the sealed spent nuclear fuel canisters which
consist of a honeycombed fuel basket contained in a
cylindrical canister shell which is welded to a baseplate, lid
with welded port cover plates, and closure ring. The MPC
provides the confinement boundary for the contained
radioactive materials.

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),
Control Element Assemblies (CEAs), water displacement
guide tube plugs, orifice rod assemblies, and vibration
suppressor inserts. I

OVERPACK OVERPACKs are the casks which receive and contain the
sealed MPCs for interim storage on the ISFSI. They
provide gamma and neutron shielding, and provide for
ventilated air flow to promote heat transfer from the MPC
to the environs. The OVERPACK does not include the
TRANSFER CASK.

(continued)
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Definitions
1.0

1.0 Definitions (continued)

PLANAR-AVERAGE
INITIAL ENRICHMENT

SPENT FUEL STORAGE
CASKS (SFSCs)

TRANSFER CASK

TRANSPORT OPERATIONS

UNLOADING OPERATIONS

ZR

PLANAR-AVERAGE INITIAL ENRICHMENT is
the average of the distributed fuel rod initial enrichments
within a given axial plane of the assembly lattice.

An SFSC is a container approved for the storage of
spent fuel assemblies at the ISFSI. The HI-STORM 100
SFSC System consists of the OVERPACK and its integral
MPC.

TRANSFER CASKs are containers designed to contain
the MPC during and after loading of spent fuel assemblies
and to transfer the MPC to or from the OVERPACK. The
HI-STORM 100 System employs either the 125-Ton orthe
100-Ton HI-TRAC TRANSFER CASK.

TRANSPORT OPERATIONS include all licensed activities
performed on an OVERPACK or TRANSFER CASK
loaded with one or more fuel assemblies when it is being
moved to and from the ISFSI. TRANSPORT
OPERATIONS begin when the OVERPACK or
TRANSFER CASK is first suspended from or secured on
the transporter and end when the OVERPACK or
TRANSFER CASK is at its destination and no longer
secured on or suspended from the transporter.
TRANSPORT OPERATIONS include transfer of the MPC
between the OVERPACK and the TRANSFER CASK.

UNLOADING OPERATIONS include all licensed activities
on an SFSC to be unloaded of the contained fuel
assemblies. UNLOADING OPERATIONS begin when the
OVERPACKorTRANSFER CASK is no longersuspended
from or secured on the transporter and end when the last
fuel assembly is removed from the SFSC. UNLOADING
OPERATIONS does not include MPC transfer between the
TRANSFER CASK and the OVERPACK.

ZR means any zirconium-based fuel cladding material
authorized for use in a commercial nuclear power plant
reactor.
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Approved Contents
2.0

2.0 APPROVED CONTENTS

2.1 Fuel Specifications and Loading Conditions

2.1.1 Fuel To Be Stored In The HI-STORM 100 SFSC System

a. INTACT FUEL ASSEMBLIES, DAMAGED FUEL ASSEMBLIES, FUEL
DEBRIS, and NON-FUEL HARDWARE meeting the limits specified in Table
2.1-1 and other referenced tables may be stored in the HI-STORM 100
SFSC System.

b. For MPCs partially loaded with stainless steel dad fuel assemblies, all
remaining fuel assemblies in the MPC shall meet the decay heat generation
limit for the stainless steel clad fuel assemblies.

c. Deleted.

d. For MPCs partially loaded with array/class 6x6A, 6x6B, 6x6C, 7x7A, or 8x8A
fuel assemblies, all remaining ZR clad INTACT FUEL ASSEMBLIES in the
MPC shall meet the decay heat generation limits for the 6x6A, 6x6B, 6x6C,
7x7A and 8x8A fuel assemblies.

e. All BWR fuel assemblies may be stored with or without ZR channels with the
exception of array/class 1 Ox1 OD and 1 Oxi OE fuel assemblies, which may be
stored with or without ZR or stainless steel channels.

2.1.2 Uniform Fuel Loadinq

Any authorized fuel assembly may be stored in any fuel cell location, subject to
other restrictions related to DAMAGED FUEL, FUEL DEBRIS, and NON-FUEL
HARDWARE specified in the CoC.

(continued)

I

I

I

I
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Approved Contents
2.0

2.0 Approved Contents

2.1 Fuel Specifications and Loading Conditions (cont'd)

2.1.3 Regionalized Fuel Loading

Users may choose to store fuel using regionalized loading in lieu of uniform loading
to allow higher heat emitting fuel assemblies to be stored than would otherwise be
able to be stored using uniform loading. Regionalized loading is limited to those
fuel assemblies with ZR cladding. Figures 2.1-1 through 2.1-4 define the regions
for the MPC-24, MPC-24E, MPC-24EF, MPC-32, MPC-32F, MPC-68, and MPC-
68FF models, respectively'. Fuel assembly bumup, decay heat, and cooling time
limits for regionalized loading are specified in Section 2.4.2. Fuel assemblies used
in regionalized loading shall meet all other applicable limits specified in Tables 2.1-1
through 2.1-3.

2.2 Violations

If any Fuel Specifications or Loading Conditions of 2.1 are violated, the following actions
shall be completed:

2.2.1 The affected fuel assemblies shall be placed in a safe condition.

2.2.2 Within 24 hours, notify the NRC Operations Center.

2.2.3 Within 30 days, submit a special report which describes the cause of the violation,
and actions taken to restore compliance and prevent recurrence.

2.3 Deviations from Cask Contents Requirements

Proposed alternatives to the contents listed in Section 2.0 may be authorized on a case-
specific basis by the Director of the Office of Nuclear Material Safety and Safeguards or
designee. The request for such alternative contents should demonstrate that:

2.3.1 The proposed alternative contents would provide an equivalent level of safety, and

2.3.2 The proposed alternative contents are consistent with the applicable requirements.

l These figures are only intended to distinguish the fuel loading regions.
Other details of the basket design are illustrative and may not reflect the
actual basket design details. The design drawings should be consulted for
basket design details.
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Approved Contents
2.0

2.0 APPROVED CONTENTS

2.3 Deviations from Cask Contents Requirements (cont'd)

2.3.3 Requests for case-specific NRC approval of alternatives to contents shall be
submitted in accordance with 10 CFR 72.4 by the certificate holder. Case-specific
alternatives approved pursuant to this section shall be Incorporated permanently
into the CoC by the certificate holder in accordance with 10 CFR 72.244. Requests
made pursuant to this section must meet all of the following requirements:

2.3.3.1 The proposed change must not significantly decrease any safety
margins as described in the HI-STORM 100 System FSAR, as updated.

2.3.3.2 The proposed change may involve only the physical fuel assembly
parameters listed below as specified in Tables 2.1-1, 2.1-2, and/or 2.1-3
of this Appendix:

a. Fuel Assembly Length
b. Fuel Assembly Width
c. Fuel Assembly Weight
d. Fuel Rod Clad Outside Diameter (OD)
e. Fuel Rod Clad Inside Diameter (ID)
f. Fuel Pellet Diameter
g. Fuel Rod Pitch
h. PWR Guide/Instrument Tube Thickness
i. BWR Water Rod Thickness
J. BWR Channel Thickness

2.3.3.3 The proposed change must be required to meet a compelling user need
whereby using the normal certificate amendment process is not
practical.
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APPROVED CONTENTS
2.0LEGEND: A,

REGION 1:

REGION 2:

FIGURE 2.1-1
FUEL LOADING REGIONS - MPC-24
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APPROVED CONTENTS
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REGION 2:

FIGURE 2.1-2

FUEL LOADING REGIONS - MPC-24E/24EF
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APPROVED CONTENTS
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FIGURE 2.1-3

FUEL LOADING REGIONS - MPC-32/32F
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FUEL LOADING REGIONS - MPC-68/68FF
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Approved Contents
2.0

Table 2.1-1 (page 1 of 39)
Fuel Assembly Limits

I

I. MPC MODEL: MPC-24

A. Allowable Contents

1. Uranium oxide, PWR INTACT FUEL ASSEMBLIES listed in Table 2.1-2, with
or without NON-FUEL HARDWARE and meeting the following specifications
(Note 1):

a. Cladding Type:

b. Initial Enrichment:

ZR or Stainless Steel (SS) as specified in
Table 2.1-2 for the applicable fuel
assembly array/class.

As specified in Table 2.1-2 for the
applicable fuel assembly array/class.

I

c. Post-irradiation Cooling Time
and Average Bumup Per
Assembly:

i. Array/Classes
14x14D,14x14E, and
15x15G

ii. All Other Array/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
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Cooling time > 8 years and an average
bumup < 40,000 MWD/MTU.

Cooling time and average bumup as
specified in Section 2.4.

As specified in Table 2.1-8.

I
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Approved Contents
2.0

Table 2.1-1 (page 2 of 39)
Fuel Assembly Limits

I

I. MPC MODEL: MPC-24 (continued)

A. Allowable Contents (continued)

d. Decay Heat Per Assembly:

i. Array/Classes 14x14D,
14x14E, and 15x15G

ii All Other Array/Classes

e. Fuel Assembly Length:

f. Fuel Assembly Width:

g. Fuel Assembly Weight: -

< 710 Watts

As specified in Section 2.4.

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

< 1,680 lbs (including NON-FUEL
HARDWARE)

I

B. Quantity per MPC: Up to 24 fuel assemblies.

C. Deleted.

D. Neutron sources and DAMAGED FUEL ASSEMBLIES and FUEL DEBRIS are not
authorized for loading into the MPC-24.

Note 1: Fuel assemblies containing BPRAs, TPDs, WABAs, water displacement guide
tube plugs, orifice rod assemblies, or vibration suppressor inserts may be
stored in any fuel cell location. Fuel assemblies containing CRAs, RCCAs,
CEAs, or APSRs may only be loaded in fuel storage locations 9, 10, 15,
and/or 16. These requirements are in addition to any other requirements
specified for uniform or regionalized fuel loading.
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Approved Contents
2.0

Table 2.1-1 (page 3 of 39)
Fuel Assembly Limits

I

II. MPC MODEL: MPC-68

A. Allowable Contents

1. Uranium oxide, BWR INTACT FUEL ASSEMBLIES listed in Table 2.1-3, with or
without channels, and meeting the following specifications:

a. Cladding Type:

b. Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

c. Initial Maximum Rod
Enrichment:

ZR or Stainless Steel (SS) as specified in
Table 2.1-3 for the applicable fuel assembly
array/class.

As specified in Table 2.1-3 for the applicable
fuel assembly array/class.

As specified in Table 2.1-3 for the applicable
fuel assembly array/class.

I

d. Post-irradiation Cooling Time and
Average Bumup Per Assembly:

i. Array/Classes 6x6A, 6x6C,
7x7A, and 8x8A:

ii. Array/Class 8x8F

iii. Array/Classes 1 Ox1 OD and
1Ox1OE

iv. All Other Array/Classes

Certificate of Compliance No. 1014
Appendix B

Cooling time > 18 years and an average
burnup < 30,000 MWD/MTU

Cooling time > 10 years and an average
bumup < 27,500 MWD/MTU.

Cooling time > 10 years and an average
bumup < 22,500 MWD/MTU.

As specified in Section 2.4. I
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Approved Contents
2.0

Table 2.1-1 (page 4 of 39)
Fuel Assembly Limits

I

II. MPC MODEL: MPC-68 (continued)

A. Allowable Contents (continued)

e. Decay Heat Per Assembly:

i. Array/Classes 6x6A, 6x6C,
7x7A, and 8x8A

ii. Array/Class 8x8F

iii. Array/Classes IOxIOD and
1 Ox1 OE

iv. All Other Array/Classes

f. Fuel Assembly Length:

g. Fuel Assembly Width:

h. Fuel Assembly Weight:

Certificate of Compliance No. 1014
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< 115 Watts

< 183.5 Watts.

< 95 Watts

As specified in Section 2.4.

< 176.5 inches (nominal design)

<5.85 inches(nominal design)

< 700 lbs, including channels

I
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Approved Contents
2.0

Table 2.1-1 (page 5 of 39)
Fuel Assembly Limits

11. MPC MODEL: MPC-68 (continued)

A. Allowable Contents (continued)

2. Uranium oxide, BWR DAMAGED FUELASSEMBLIES, with orwithout channels, placed
in DAMAGED FUEL CONTAINERS. Uranium oxide BWR DAMAGED FUEL
ASSEMBLIES shall meet the criteria specified in Table 2.1-3 and meet the following
specifications:

a. Cladding Type: ZR or Stainless Steel (SS) as specified in
Table 2.1-3 for the applicable fuel assembly
array/class.

I

b. Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

i. Array/Classes 6x6A, 6x6C,
7x7A, and 8x8A

ii. All Other Array/Classes
specified in Table 2.1-3

c. Initial Maximum Rod
Enrichment

As specified in Table 2.1-3 for the applicable
fuel assembly array/class.

4.0 wt% mU

As specified in Table 2.1-3 for the applicable
fuel assembly array/class.

d. Post-irradiation Cooling Time and
Average Bumup Per Assembly:

i. ArraylClasses 6x6A, 6x6C,
7x7A,and 8x8A

ii. Array/Class 8x8F

iii. Array/Classes IOxIOD and
1 Ox1 OE

iv. All Other Array Classes
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Cooling time > 18 years and an average
bumup < 30,000 MWD/MTU.

Cooling time > 10 years and an average
bumup < 27,500 MWD/MTU.

Cooling time > 10 years and an average
burnup < 22,500 MWD/MTU.

As specified in Section 2.4. I
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Approved Contents
2.0

Table 2.1-1 (page 6 of 39)
Fuel Assembly Limits

I. MPC MODEL: MPC-68 (continued)

A. Allowable Contents (continued)

e. Decay Heat Per Assembly:

i. Array/Class 6x6A, 6x6C, 7x7A, < 115 Watts
and 8x8A

ii. Array/Class 8x8F < 183.5 Watts

Iii. Array/Classes 10x10D and < 95 Watts
I 0x1 OE

iv. All Other Array/Classes As specified ir

f. Fuel Assembly Length:

i. Array/Class 6x6A, 6x6C, 7x7A, < 135.0 inchea
or 8x8A

ii. All Other Array/Classes < 176.5 inche!

g. Fuel Assembly Width:

i. Array/Class 6x6A, 6x6C, 7x7A, < 4.70 inches
or 8x8A

ii. All Other Array/Classes < 5.85 Inches

h. Fuel Assembly Weight:

i. Array/Class 6x6A, 6x6C, 7x7A, < 550 Ibs, inch
or 8x8A

ii. All Other ArraylClasses < 700 lbs, incli

I

i Section 2.4. I

s (nominal design)

s (nominal design)

(nominal design)

(nominal design)

uding channels and DFC

liding channels and DFC
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Approved Contents
2.0

Table 2.1-1 (page 7 of 39)
Fuel Assembly Limits

I

11. MPC MODEL: MPC-68 (continued)

A. Allowable Contents (continued)

3. Mixed oxide (MOX), BWR INTACT FUEL ASSEMBLIES, with or without
channels. MOX BWR INTACT FUEL ASSEMBLIES shall meet the criteria
specified in Table 2.1-3 for fuel assembly array/class 6x6B, and meet the
following specifications:

a. Cladding Type: ZR I

b. Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

c. Initial Maximum Rod
Enrichment:

d. Post-irradiation Cooling Time
and Average Bumup Per
Assembly:

e. Decay Heat Per Assembly:

f. Fuel Assembly Length:

g. Fuel Assembly Width:

h. Fuel Assembly Weight:
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As specified in Table 2.1-3 for fuel
assembly array/class 6x6B.

As specified in Table 2.1-3 for fuel
assembly array/class 6x6B.

Cooling time > 18 years and an average
bumup < 30,000 MWD/MTIHM.

< 115 Watts

< 135.0 inches (nominal design)

< 4.70 inches (nominal design)

< 400 lbs, including channels
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Approved Contents
2.0

Table 2.1-1 (page 8 of 39)
Fuel Assembly Limits

I

II. MPC MODEL: MPC-68 (continued)

A. Allowable Contents (continued)

4. Mixed oxide (MOX), BWR DAMAGED FUEL ASSEMBLIES, with or without
channels, placed in DAMAGED FUEL CONTAINERS. MOX BWR DAMAGED
FUEL ASSEMBLIES shall meet the criteria specified in Table 2.1-3 for fuel
assembly array/class 6x6B, and meet the following specifications:

a. Cladding Type: ZR I

b. Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

c. Initial Maximum Rod
Enrichment:

d. Post-irradiation Cooling Time
and Average Bumup Per
Assembly:

e. Decay Heat Per Assembly:

f. Fuel Assembly Length:

g. Fuel Assembly Width:

h. Fuel Assembly Weight:
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As specified in Table 2.1-3 for array/class
6x6B.

As specified in Table 2.1-3 for array/class
6x6B.

Cooling time >- 18 years and an average
bumup c 30.000 MWD/MTIHM.

< 115 Watts

< 135.0 inches (nominal design)

< 4.70 inches (nominal design)

< 550 lbs, including channels and DFC

2-15



Approved Contents
2.0

Table 2.1-1 (page 9 of 39)
Fuel Assembly Limits

I

II. MPC MODEL: MPC-68 (continued)

A. Allowable Contents (continued)

5. Thoria rods (ThO2 and U02) placed in Dresden Unit I Thoria Rod Canisters and
meeting the following specifications:

a. Cladding Type:

b. Composition:

c. Number of Rods Per Thoria Rod
Canister

d. Decay Heat Per Thoria Rod
Canister

e. Post-irradiation Fuel Cooling Time
and Average Bumup Per Thoria
Rod Canister

f. Initial Heavy Metal Weight:

g. Fuel Cladding O.D.:

h. Fuel Cladding l.D.:

i. Fuel Pellet O.D.:

j. Active Fuel Length:

k. Canister Weight:

ZR

98.2 wt.% ThO2, 1.8 wt. % U02 with an
enrichment of 93.5 wt. % 35 U.

<18

< 115 Watts

A fuel post-irradiation cooling time > 18 years
and an average bumup < 16,000
MWD/MTIHM.

< 27 kg/canister

> 0.412 inches

< 0.362 inches

< 0.358 inches

< 111 inches

< 550 lbs, including fuel

I
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Approved Contents
2.0

Table 2.1-1 (page 10 of 39)
Fuel Assembly Limits

I

II. MPC MODEL: MPC-68 (continued)

B. Quantity per MPC:

1.- Up to one (1) Dresden Unit 1 Thoria Rod Canister;

2. Up to 68 array/class 6x6A, 6x6B, 6x6C, 7x7A, or 8x8A DAMAGED FUEL
ASSEMBLIES in DAMAGED FUEL CONTAINERS;

3. Up to sixteen (16) other BWR DAMAGED FUEL ASSEMBLIES in DAMAGED FUEL
CONTAINERS in fuel storage locations 1, 2,3,8,9,16,25,34,35,44,53,60,61,66,
67, and/or 68; and/or

4. Any number of BWR INTACT FUEL ASSEMBLIES up to a total of 68.

C. Array/Class 1OxI0D and 1Ox10E fuel assemblies in stainless steel channels must be
stored in fuel storage locations 19 - 22, 28 - 31, 38 -41, and/or 47 - 50.

D. Dresden Unit I fuel assemblies with one Antimony-Beryllium neutron source are
authorized for loading in the MPC-68. The Antimony-Beryllium source material shall be
in a water rod location.

E. FUEL DEBRIS is not authorized for loading in the MPC-68.
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Approved Contents
2.0

Table 2.1-1 (page 11 of 39)
Fuel Assembly Limits

l1l. MPC MODEL: MPC-68F

A. Allowable Contents

1. Uranium oxide, BWR INTACT FUEL ASSEMBLIES, with or without ZR
channels. Uranium oxide BWR INTACT FUEL ASSEMBLIES shall meet the
criteria specified in Table 2.1-3 forfuel assembly array class 6x6A, 6x6C, 7x7A
or 8x8A, and meet the following specifications:

a. Cladding Type: ZR

b Maximum PLANAR-AVERAGE As specified in Table 2.1-3 for the
INITIAL ENRICHMENT: applicable fuel assembly array/class.

c. Initial Maximum Rod As specified in Table 2.1-3 for the
Enrichment: applicable fuel assembly array/class.

d. Post-irradiation Cooling Time Cooling time > 18 years and an average
and Average Bumup Per bumup c 30,000 MWD/MTU.
Assembly:

e. Decay Heat Per Assembly < 115 Watts

f. Fuel Assembly Length: < 135.0 inches (nominal design)

g. Fuel Assembly Width: < 4.70 inches (nominal design)

h. Fuel Assembly Weight: < 400 Ibs, including channels

Certificate of Compliance No. 1014
Appendix B 2-18



Approved Contents
2.0

Table 2.1-1 (page 12 of 39)
Fuel Assembly Limits =

I

Ill. MPC MODEL: MPC-68F (continued)

A. Allowable Contents (continued)

2. Uranium oxide, BWR DAMAGED FUEL ASSEMBLIES, with or without ZR
channels, placed in DAMAGED FUEL CONTAINERS. Uranium oxide BWR
DAMAGED FUELASSEMBLIES shall meetthe criteria specified in Table2.1-3
for fuel assembly awfay/class 6x6A, 6x6C, 7x7A, or 8x8A, and meet the
following specifications:

a. Cladding Type:

b. Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

c. Initial Maximum Rod
Enrichment

d. Post-rradiation Cooling Time
and Average Bumup Per
Assembly:

e. Decay Heat Per Assembly:

f. Fuel Assembly Length:

g. Fuel Assembly Width:

h. Fuel Assembly Weight:

Certificate of Compliance No. 1014
Appendix B

ZR

As specified in Table 2.1-3 for the
applicable fuel assembly array/class.

As specified in Table 2.1-3 for the
applicable fuel assembly arraylclass.

Cooling time > 18 years and an average
bumup < 30,000 MWDIMTU.

< 115 Watts

< 135.0 inches (nominal design)

< 4.70 inches (nominal design)

< 550 Ibs, including channels and DFC

I
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Table 2.1-1 (page 13 of 39)
Fuel Assembly Limits

III. MPC MODEL: MPC-68F (continued)

A. Allowable Contents (continued)

3. Uranium oxide, BWR FUEL DEBRIS, with or without ZR channels, placed in
DAMAGED FUEL CONTAINERS. The original fuel assemblies forthe uranium
oxide BWR FUEL DEBRIS shall meet the criteria specified in Table 2.1-3 for
fuel assembly array/class 6x6A, 6x6C, 7x7A, or 8x8A, and meet the following
specifications:

a. Cladding Type: ZR I

b. Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

c Initial Maximum Rod
Enrichment:

d. Post-irradiation Cooling Time
and Average Bumup Per
Assembly

e. Decay Heat Per Assembly

f. Original Fuel Assembly Length

g. Original Fuel Assembly Width

h. Fuel Debris Weight

Certificate of Compliance No. 1014
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As specified in Table 2.1-3 for the
applicable original fuel assembly
array/class.

As specified in Table 2.1-3 for the
applicable original fuel assembly
array/class.

Cooling time > 18 years and an average
bumup < 30,000 MWD/MTU for the
original fuel assembly.

< 115 Watts

< 135.0 inches (nominal design)

< 4.70 inches (nominal design)

< 550 lbs, including channels and DFC
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Table 2.1-1 (page 14 of 39)
Fuel Assembly Limits

Ill. MPC MODEL: MPC-68F (continued)

A. Allowable Contents (continued)

I

I4. Mixed oxide (MOX), BWR INTACT FUEL ASSEMBLIES, with or without ZR
channels. MOX BWR INTACT FUEL ASSEMBLIES shall meet the criteria
specified in Table 2.1-3 for fuel assembly array/class 6x6B, and meet the
following specifications:

a. Cladding Type: ZR I

b. Maximum PLANAR-
AVERAGE INITIAL
ENRICHMENT:

c. Initial Maximum Rod
Enrichment:

d. Post-irradiation Cooling Time
and Average Bumup Per
Assembly:

e. Decay Heat Per Assembly

f. Fuel Assembly Length:

g. Fuel Assembly Width:

h. Fuel Assembly Weight:

Certificate of Compliance No. 1014
Appendix B

As specified in Table 2.1-3 for fuel
assembly array/class 6x6B.

As specified in Table 2.1-3 for fuel
assembly array/class 6x6B.

Cooling time > 18 years and an average
bumup < 30,000 MWDIMTIHM.

< 115 Watts

< 135.0 inches (nominal design)

< 4.70 inches (nominal design)

< 400 Ibs, including channels
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Table 2.1-1 (page 15 of 39)
Fuel Assembly Limits

I

Ill. MPC MODEL: MPC-68F (continued)

A. Allowable Contents (continued)

5. Mixed oxide (MOX), BWR DAMAGED FUEL ASSEMBLIES, with orwithoutZR
channels, placed in DAMAGED FUEL CONTAINERS. MOX BWR DAMAGED
FUEL ASSEMBLIES shall meet the criteria specified in Table 2.1-3 for fuel
assembly array/class 6x6B, and meet the following specifications:

I

a. Cladding Type: ZR I

b. Maximum PLANAR-
AVERAGE INITIAL
ENRICHMENT:

c. Initial Maximum Rod
Enrichment

d. Post-irradiation Cooling Time
and Average Bumup Per
Assembly:

e. Decay Heat Per Assembly

f. Fuel Assembly Length:

9. Fuel Assembly Width:

h. Fuel Assembly Weight:

Certificate of Compliance No. 1014
Appendix B

As specified in Table 2.1-3 for fuel
assembly array/class 6x6B.

As specified in Table 2.1-3 for fuel
assembly array/class 6x6B.

Cooling time > 18 years and an average
bumup < 30,000 MWD/MTIHM.

< 115 Watts

< 135.0 inches (nominal design)

< 4.70 inches (nominal design)

< 550 Ibs, including channels and DFC

1
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Table 2.1-1 (page 16 of 39)
Fuel Assembly Limits

Ill. MPC MODEL: MPC-68F (continued)

A. Allowable Contents (continued)

I

I6. Mixed Oxide (MOX), BWR FUEL DEBRIS, with orwithoutZR channels, placed
in DAMAGED FUEL CONTAINERS. The original fuel assemblies forthe MOX
BWR FUEL DEBRIS shall meet the criteria specified in Table 2.1-3 for fuel
assembly array/class 6x6B, and meet the following specifications:

a. Cladding Type: ZR I

b. Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

c. Inilial Maximum Rod
Enrichment:

d. Post-irradiation Cooling Time
and Average Bumup Per
Assembly:

e. Decay Heat Per Assembly

f. Original Fuel Assembly Length:

9. Original Fuel Assembly Width:

h. Fuel Debris Weight:

Certificate of Compliance No. 1014
Appendix B

As specified in Table 2.1-3 for original
fuel assembly array/class 6x6B.

As specified in Table 2.1-3 for original
fuel assembly array/class 6x6B.

Cooling time > 18 years and an average
bumup c 30,000 MWDIMTIHM for the
original fuel assembly.

< 115 Watts

< 135.0 inches (nominal design)

< 4.70 inches (nominal design)

< 550 Ibs, including channels and DFC
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Table 2.1-1 (page 17 of 39)
Fuel Assembly Limits

I

Ill. MPC MODEL: MPC-68F (continued)

A. Allowable Contents (continued)

7. Thoria rods (ThO2 and U0 2) placed in Dresden Unit 1 Thoria Rod Canisters
and meeting the following specifications:

a. Cladding Type:

b. Composition:

c. Number of Rods Per Thoria Rod
Canister:

d. Decay Heat Per Thoria Rod
Canister

e. Post-irradiation Fuel Cooling
Time and Average Burnup Per
Thoria Rod Canister

f. Initial Heavy Metal Weight

g. Fuel Cladding O.D.:

h. Fuel Cladding I.D.:

i. Fuel Pellet O.D.:

j. Active Fuel Length:

k. Canister Weight:

ZR

98.2 wt.% ThO2, 1.8 wt. % U0 2 with an
enrichment of 93.5 wt. % 'U.

< 18

< 115 Watts

A fuel post-irradiation cooling time > 18
years and an average bumrup < 16,000
MWD/MTIHM.

< 27 kg/canister

> 0.412 inches

< 0.362 inches

< 0.358 inches

< 111 inches

< 550 Ibs, including fuel

I

Certificate of Compliance No. 1014
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Table 2.1-1 (page 18 of 39)
Fuel Assembly Limits

Ill. MPC MODEL: MPC-68F (continued)

B. Quantity per MPC (up to a total of 68 assemblies):
(Al fuel assemblies must be array/class 6x6A, 6x6B, 6x6C, 7x7A, or 8x8A):

Up to four (4) DFCs containing uranium oxide BWR FUEL DEBRIS or MOX BWR
FUEL DEBRIS. The remaining MPC-68F fuel storage locations may be filled with
fuel assemblies of the following type, as applicable:

1. Uranium oxide BWR INTACT FUEL ASSEMBLIES;

2. MOX BWR INTACT FUEL ASSEMBLIES;

3. Uranium oxide BWR DAMAGED FUEL ASSEMBLIES placed in DFCs;

4. MOX BWR DAMAGED FUEL ASSEMBLIES placed in DFCs; or

5. Up to one (1) Dresden Unit 1 Thoria Rod Canister.

C. Fuel assemblies with stainless steel channels are not authorized for loading in the
MPC-68F.

D. Dresden Unit I fuel assemblies with one Antimony-Beryllium neutron source are
authorized for loading In the MPC-68F. The Antimony-Beryllium source material
shall be in a water rod location.

Certificate of Compliance No. 1014
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Table 2.1-1 (page 19 of 39)
Fuel Assembly Limits

IV. MPC MODEL: MPC-24E

A. Allowable Contents

1. Uranium oxide, PWR INTACT FUEL ASSEMBLIES listed in Table 2.1-2, with or without
NON-FUEL HARDWARE and meeting the following specifications (Note 1):

a. Cladding Type:

b. Initial Enrichment

ZR or Stainless Steel (SS) as specified in
Table 2.1-2 for the applicable fuel assembly
array/class

As specified in Table 2.1-2 for the applicable
fuel assembly array/class.

I

c. Post-irradiation Cooling Time and
Average Burnup Per Assembly:

i. Array/Classes 14x14D, 14x14E,
and 15x15G

ii. All Other Array/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
Appendix B 2

Cooling time > 8 years and an average
bumup < 40,000 MWD/MTU.

As specified in Section 2.4.

As specified in Table 2.1-8.

I
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Table 2.1-1 (page 20 of 39)
Fuel Assembly Limits

I

IV. MPC MODEL: MPC-24E (continued)

A. Allowable Contents (continued)

d. Decay Heat Per Assembly:

- i. Array/Classes 14x14D,
14x14E, and 15x15G

ii. All other Array/Classes

e. Fuel Assembly Length:

f. Fuel Assembly Width:

g. Fuel Assembly Weight

Certificate of Compliance No. 1014
Appendix B

5 710 Watts.

As specified in Section 2.4.

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

< 1,680 Ibs (including NON-FUEL
HARDWARE)

I
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Table 2.1-1 (page 21 of 39)
Fuel Assembly Limits

I

IV. MPC MODEL: MPC-24E (continued)

A. Allowable Contents (continued)

2. Uranium oxide, PWR DAMAGED FUEL ASSEMBLIES, with or without NON-
FUEL HARDWARE, placed in DAMAGED FUEL CONTAINERS. Uranium oxide
PWR DAMAGED FUEL ASSEMBLIES shall meetthe criteria specified in Table
2.1-2 and meet the following specifications (Note 1):

a. Cladding Type:

b. Initial Enrichment:

ZR or Stainless Steel (SS) as specified in
Table 2.1-2 for the applicable fuel
assembly array/class

As specified in Table 2.1-2 for the
applicable fuel assembly array/class.

I

I
I

c. Post-irradiation Cooling Time
and Average Bumup Per
Assembly:

i. Array/Classes 14x14D,
14x14E, and 15x15G

ii. All Other Array/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
Appendix B

Cooling time > 8 years and an average
bumup < 40,000 MWD/MTU.

As specified in Section 2.4.

As specified in Table 2.1-8.

I
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Table 2.1-1 (page 22 of 39)
Fuel Assembly Limits

I

IV. MPC MODEL: MPC-24E (continued)

A. Allowable Contents (continued)

d. Decay Heat Per Assembly

i. Array/Classes 14x14D,
14x14E, and 15x15G

ii. All Other Array/Classes

e. Fuel Assembly Length

f. Fuel Assembly Width

g. Fuel Assembly Weight

<710 Watts.

As specified in Section 2A.

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

< 1,680 lbs (including NON-FUEL
HARDWARE and DFC)

I

B. Quantity per MPC: Up to four (4) DAMAGED FUEL ASSEMBLIES in DAMAGED
FUEL CONTAINERS, stored in fuel storage locations 3, 6, 19 and/or 22. The
remaining MPC-24E fuel storage locations may be filled with PWR INTACT FUEL
ASSEMBLIES meeting the applicable specifications.

C. Neutron sources and FUEL DEBRIS are not authorized for loading in the MPC-
24E.

Note 1: Fuel assemblies containing BPRAs, TPDs, WABAs, water displacement guide
tube plugs, orifice rod assemblies, or vibration supressor'inserts may be stored
in any fuel cell location. Fuel assemblies containing CRAs, RCCAs, CEAs, or
APSRs may only be loaded in fuel storage locations 9, 10, 15, and/or 16. These
requirements are in addition to any other requirements specified for uniform or
regionalized fuel loading.

Certificate of Compliance No. 1014
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Table 2.1-1 (page 23 of 39)
Fuel Assembly Limits

I

V. MPC MODEL: MPC-32

A. Allowable Contents

1. Uranium oxide, PWR INTACT FUEL ASSEMBLIES listed in Table 2.1-2, with
or without NON-FUEL HARDWARE and meeting the following specifications
(Note 1):

a. Cladding Type:

b. Initial Enrichment:

ZR or Stainless Steel (SS) as specified in
Table 2.1-2 for the applicable fuel
assembly array/class

As specified in Table 2.1-2 for the
applicable fuel assembly array/class.

c. Post-irradiation Cooling Time
and Average Bumup Per
Assembly

i. Array/Classes 14x14D,
14x14E, and 15x15G

ii. All Other Array/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
Appendix B

Cooling time > 9 years and an average
bumup < 30,000 MWD/MTU or cooling
lime > 20 years and an average bumup <
40,000 MWDIMTU.

As specified in Section 2.4.

As specified in Table 2.1-8.

I
I
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Table 2.1-1 (page 24 of 39)
Fuel Assembly Limits

I

V. MPC MODEL: MPC-32 (continued)

A. Allowable Contents (continued)

d. Decay Heat Per Assembly

i. Array/Classes 14x1413,
14x14E, and 15x15G

ii. All Other Array/Classes

e. Fuel Assembly Length

f. Fuel Assembly Width

g. Fuel Assembly Weight

Certificate of Compliance No. 1014
Appendix B

< 500 Watts

As specified in Section 2.4.

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

< 1,680 lbs (including NON-FUEL
HARDWARE)

I
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Table 2.1-1 (page 25 of 39)
Fuel Assembly Limits

I

V. MPC MODEL: MPC-32 (continued)

A. Allowable Contents (continued)

2. Uranium oxide, PWR DAMAGED FUEL ASSEMBLIES, with or without NON-
FUEL HARDWARE, placed in DAMAGED FUEL CONTAINERS. Uranium oxide
PWR DAMAGED FUEL ASSEMBLIES shall meet the criteria specified in Table
2.1-2 and meet the following specifications (Note 1):

a. Cladding Type:

b. Initial Enrichment:

ZR or Stainless Steel (SS) as specified in
Table 2.1-2 for the applicable fuel
assembly array/class

As specified in Table 2.1-2 for the
applicable fuel assembly array/class.

c. Post-irradiation Cooling Time
and Average Bumup Per

Assembly:

I
I
I
I

I
I

I
I
I
I
I
I
I
I
I
I

i. Array/Classes 14x14D,
14x14E, and 15x15G

ii. All Other Array/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
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Cooling time > 8 years and an average
bumup < 40,000 MWD/MTU.

As specified in Section 2.4.

As specified in Table 2.1-8.
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Table 2.1-1 (page 26 of 39)
Fuel Assembly Limits

I

V. MPC MODEL: MPC-32 (continued)

A. Allowable Contents (continued)

d. Decay Heat Per Assembly

i. Array/Classes 14x14D,
14x14E, and 15x15G

ii. All Other Array/Classes

e. Fuel Assembly Length

f. Fuel Assembly Width

g. Fuel Assembly Weight

< 500 Watts.

I
I
I
I

I
I

I

I

I
I

As specified in Section 2.4.

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

< 1,680 lbs (including NON-FUEL
HARDWARE and DFC)

B. Quantity per MPC: Up to eight (8) DAMAGED FUEL ASSEMBLIES in DAMAGED
FUEL CONTAINERS, stored in fuel storage locations 1, 4, 5, 10, 23, 28, 29,
and/or 32. The remaining MPC-32 fuel storage locations may be filled with PWR
INTACT FUEL ASSEMBLIES meeting the applicable specifications.

C. Neutron sources and FUEL DEBRIS are not authorized for loading in the MPC-
32.

Note 1: Fuel assemblies containing BPRAs, TPDs, WABAs, water displacement guide
tube plugs, orifice rod assemblies, or vibration suppressor inserts may be stored
in any fuel cell location. Fuel assemblies containing CRAs, RCCAs, CEAs, or
APSRs may only be loaded in fuel storage locations 13, 14, 19, and/or 20..
These requirements are in addition to any other requirements specified for
uniform or regionalized fuel loading.
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Table 2.1-1 (page 27 of 39)
Fuel Assembly Limits

I

VI. MPC MODEL: MPC-68FF

A. Allowable Contents

1. Uranium oxide or MOX BWR INTACT FUEL ASSEMBLIES listed in Table 2.1-3, with
or without channels and meeting the following specifications:

a. Cladding Type:

b. Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

c. Initial Maximum Rod Enrichment

ZR or Stainless Steel (SS) as specified in
Table 2.1-3 for the applicable fuel assembly
array/class

As specified in Table 2.1-3 for the applicable
fuel assembly array/class.

As specified in Table 2.1-3 for the applicable
fuel assembly array/class.

I

d. Post-irradiation Cooling Time and
Average Bumup Per Assembly

i. Array/Classes WxA, 6x6B,
6x6C, 7x7A, and 8x8A

ii. Array/Class 8x8F

iii. Array/Classes IOxiOD and
lOx1OE

iv. All Other Array/Classes

Certificate of Compliance No. 1014
Appendix B

Cooling time > 18 years and an average
bumup < 30,000 MWDIMTU
(or MTUIMTIHM).

Cooling time > 10 years and an average
bumup < 27,500 MWDIMTU.

Cooling time > 10 years and an average
bumup < 22,500 MWD/MTU.

As specified in Section 2.4. I
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Table 2.1-1 (page 28 of 39)
Fuel Assembly Limits

VI. MPC MODEL: MPC-68FF (continued)

A. Allowable Contents (continued)

e. Decay Heat Per, Assembly

i. Array/Classes 6x6A, 6X6b, < 115 Wafts
6x6C, 7x7A, and 8x8A

ii. Array/Class 8x8F C 183.5 Wat,

iii. Array/Classes 10x10D and < 95 Watts
10x10E

iv. All Other Array/Classes As specified i

f. Fuel Assembly Length

i. Array/Class 6x6A, 6x6B, < 135.0 inche
6x6C, 7x7A, or 8x8A

Ii. All Other Array/Classes < 176.5 Inche

g. Fuel Assembly Width

i. Array/Class 6x6A, Bx6B, 6x6C, < 4.70 inches
7x7A, or 8x8A

i. All Other Array/Classes < 5.85 Inches

h. Fuel Assembly Weight

i. Array/Class 6x6A, 6x6B, 6x6C, < 550 Ibs, Inc
7x7A, or 8x8A

ii. All Other Array/Classes < 700 lbs, inc

I

s

n Section 2.4. I

es (nominal design)

as (nominal design)

; (nominal design)

;,(nominal design)

luding channels

luding channels

I

I
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Table 2.1-1 (page 29 of 39)
Fuel Assembly Limits

I

VI. MPC MODEL: MPC-68FF (continued)

A. Allowable Contents (continued)

2. Uranium oxide or MOX BWR DAMAGED FUEL ASSEMBLIES or FUEL DEBRIS, with
or without channels, placed in DAMAGED FUEL CONTAINERS. Uranium oxide and
MOX BWR DAMAGED FUEL ASSEMBLIES and FUEL DEBRIS shall meet the criteria
specified in Table 2.1-3, and meet the following specifications:

a. Cladding Type: ZR or Stainless Steel (SS) in accordance
with Table 2.1-3 for the applicable fuel
assembly arraylclass.

I

b. Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

i. Array/Classes 6x6A, 6x6B,
6x6C, 7x7A, and Wx8A.

ii. All Other Array Classes

c. Initial Maximum Rod Enrichment

As specified in Table 2.1-3 for the applicable
fuel assembly array/class.

< 4.0 wt% 235U.

As specified in Table 2.1-3 for the applicable
fuel assembly array/class.

d. Post-irradiation Cooling Time
and Average Bumup Per Assembly:

i. Array/Class 6x6A, 6x6B,
6x6C, 7x7A, or 8x8A

ii. Array/Class 8x8F

iii. Array/Class 1Ox1OD and
1Ox1OE

iv. All Other Array/Classes

Certificate of Compliance No. 1014
Appendix B

Cooling time > 18 years and an average
bumup < 30,000 MWD/MTU
(or MWD/MTIHM).

Cooling time > 10 years and an average
bumup < 27,500 MWDIMTU.

Cooling time > 10 years and an average
bumup < 22,500 MWD/MTU.

As specified in Section 2.4. I
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! Table 2.1-1 (page 30 of 39)
Fuel Assembly Limits

VI. MPC MODEL: MPC-68FF (continued)

A. Allowable Contents (continued)

e. Decay Heat Per Assembly

i. Array/Class 6x6A, 6x6B, 6x6C, < 115 Watts
7x7A, or 8x8A

ii. Array/Class 8x8F < 183.5 Watts

iii. Array/Classes 1Ox1OD and < 95 Watts
I OxlOE

iv. All Other Array/Classes As specified ii

f. Fuel Assembly Length

i. Array/Class 6x6A, 6x6B, 6x6C, < 135.0 inche
7x7A, or 8x8A

ii. All Other Array/Classes <176.5 inche

g. Fuel Assembly Width

i. Array/Class 6x6A, 6x6B, 6x6C, < 4.70 inches
7x7A, or 8x8A

ii. All Other Array/Classes < 5.85 inches

h. Fuel Assembly Weight

i. Array/Class 6x6A, 6x6B, 6x6C, < 550 Ibs, ind
7x7A, or 8x8A

ii. All Other Array/Classes < 700 Ibs, incl

I

ni Section 2.4. I

s (nominal design)

s (nominal design)

(nominal design)

(nominal design)

luding channels and DFC

uding channels and DFC
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Table 2.1-1 (page 31 of 39)
Fuel Assembly limits

I

VI. MPC MODEL: MPC-68FF (continued)

B. Quantity per MPC (up to a total of 68 assemblies)

1. For fuel assembly array/classes 6x6A, 6X6B, 6x6C, 7x7A, or 8x8A, up to 68 BWR
INTACT FUEL ASSEMBLIES and/or DAMAGED FUEL ASSEMBLIES. Up to eight
(8) DFCs containing FUEL DEBRIS from these array/classes may be stored.

2. For all other array/classes, up to sixteen (16) DFCs containing BWR DAMAGED
FUEL ASSEMBLIES and/or up to eight (8) DFCs containing FUEL DEBRIS. DFCs
shall be located only in fuel storage locations 1, 2, 3, 8, 9, 16, 25, 34, 35, 44, 53, 60,
61, 66,67, and/or 68. The remaining MPC-68FF fuel storage locations may be filled
with fuel assemblies of the following type:

i. Uranium Oxide BWR INTACT FUEL ASSEMBLIES; or

ii. MOX BWR INTACT FUEL ASSEMBLIES.

C. Dresden Unit I fuel assemblies with one Antimony-Beryllium neutron source are
authorized for loading in the MPC-68FF. The Antimony-Beryllium source material
shall be in a water rod location.

D. Array/Class 1 Ox1 OD and I Ox1 OE fuel assemblies in stainless steel channels must
be stored in fuel storage locations 19 - 22, 28 - 31, 38 -41, and/or 47 - 50.

Certificate of Compliance No. 1014
Appendix B 2-38



Approved Contents
2.0

Table 2.1-1 (page 32 of 39)
Fuel Assembly Limits

I

VI!. MPC MODEL: MPC-24EF

A. Allowable Contents

1. Uranium oxide, PWR INTACT FUEL ASSEMBLIES listed In Table 2.1-2, with orwithout
NON-FUEL HARDWARE and meeting the following specifications (Note 1):

a. Cladding Type:

b. Initial Enrichment:

ZR or Stainless Steel (SS) as specified in
Table 2.1-2 for the applicable fuel assembly
array/class

As specified in Table 2.1-2 for the applicable
fuel assembly array/class.

I

c. Post-irradiation Cooling Time and
Average Bumup Per Assembly:

i. Array/Classes 14x14D, 14x14E,
and 15x15G

ii. All Other Array/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
Appendix B 2-

Cooling time > 8 years and an average
bumup < 40,000 MWD/MTU.

As specified in Section 2.4.

As specified in Table 2.14.

I
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Table 2.1-1 (page 33 of 39)
Fuel Assembly Limits

I

VII. MPC MODEL: MPC-24EF (continued)

A. Allowable Contents (continued)

d. Decay Heat PerAssembly:

i. Array/Classes 14x14D,
14x14E, and 15x15G

e.

f.

g.

ii. All other Array/Classes

Fuel Assembly Length:

Fuel Assembly Width:

Fuel Assembly Weight:

< 710 Watts.

As specified in Section 2.4.

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

< 1,680 Ibs (including NON-FUEL
HARDWARE)

I
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Table 2.1-1 (page 34 of 39)
Fuel Assembly Limits

VII. MPC MODEL: MPC-24EF (continued)

A. Allowable Contents (continued)

2. Uranium oxide, PWR DAMAGED FUEL ASSEMBLIES and FUEL DEBRIS,
with or without NON-FUEL HARDWARE, placed in DAMAGED FUEL
CONTAINERS. Uranium oxide PWR DAMAGED FUEL ASSEMBLIES and
FUEL DEBRIS shall meet the criteria specified in Table 2.1-2 and meet the
following specifications (Note 1):

a. Cladding Type:

b. Initial Enrichment

ZR or Stainless Steel (SS) as specified in
Table 2.1-2 for the applicable fuel
assembly array/class

As specified in Table 2.1-2 for the
applicable fuel assembly array/class.

I

I
I

c. Post-irradiation Cooling Time
and Average Bumup Per
Assembly:

i. - Array/Classes 14x14D.
14x14E, and 15x15G

ii. All Other Array/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
Appendix B

Cooling time > 8 years and an average
bumup < 40,000 MWD/MTU.

As specified in Section 2.4.

As specified in Table 2.1-8.
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Table 2.1-1 (page 35 of 39)
Fuel Assembly Limits

I

VII. MPC MODEL: MPC-24EF (continued)

A. Allowable Contents (continued)

d. Decay Heat Per Assembly

i. Array/Classes 14xl4D,
14x14E, and 15x15G

ii. All Other Array/Classes

e. Fuel Assembly Length

f. Fuel Assembly Width

g. Fuel Assembly Weight

< 710 Watts.

As specified in Section 2.4.

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

< 1,680 lbs (including NON-FUEL
HARDWARE and DFC)

I

B. Quantity per MPC: Up to four (4) DAMAGED FUEL ASSEMBLIES and/or FUEL
DEBRIS in DAMAGED FUEL CONTAINERS, stored in fuel storage locations 3,
6, 19 and/or 22. The remaining MPC-24EF fuel storage locations may be filled
with PWR INTACT FUEL ASSEMBLIES meeting the applicable specifications.

C. Neutron sources are not permitted for loading in the MPC-24EF.

Note 1: Fuel assemblies containing BPRAs, TPDs, WABAs, water displacement guide
tube plugs, orifice rod assemblies, or vibration suppressor inserts may be stored
in any fuel cell location. Fuel assemblies containing CRAs, RCCAs, CEAs, or
APSRs may only be loaded in fuel storage locations 9, 10, 15, and/or 16. These
requirements are in addition to any other requirements specified for uniform or
regionalized fuel loading.
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Table 2.1-1 (page 36 of 39)
Fuel Assembly Limits

VIII. MPC MODEL: MPC-32F

A. Allowable Contents

1. Uranium oxide, PWR INTACT FUELASSEMBLIES listed inTable2.1-2,with
orwithout NON-FUEL HARDWARE and meeting the following specifications
(Note 1):

a. Cladding Type:

b. Initial Enrichment:

ZR or Stainless Steel (SS) as specified in
Table 2.1--2 for the applicable fuel
assembly arraylclass

As specified in Table 2.1-2 for the
applicable fuel assembly array/class.

I

I

c. Post-irradiation Cooling Time
and Average Bumup Per
Assembly:

i. Array/Classes 14x14D,
14x14E, and 15x15G

ii. All Other Array/Classes

iii. NON-FUEL HARDWARE

Cooling time > 8 years and an average
bumup < 40,000 MWD/MTU.

As specified in Section 2.4.

As specified in Table 2.1-8.

I
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Table 2.1-1 (page 37 of 39)
Fuel Assembly Limits

I

I
I
I
I

Vill. MPC MODEL: MPC-32F (contd)

A. Allowable Contents (contd)

d. Decay Heat Per Assembly

i. Array/Classes 14x14D,
14x14E, and 15x15G

ii. All Other Array/Classes

Fuel Assembly Length

Fuel Assembly Width

Fuel Assembly Weight

e.

f.

9g

< 500 Watts.

As specified in Section 2.4.

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

< 1,680 lbs (including NON-FUEL
HARDWARE)
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Table 2.1-1 (page 38 of 39)
Fuel Assembly Limits

Vil. MPC MODEL: MPC-32F (cont'd)

A. Allowable Contents (cont'd)

2. Uranium oxide, PWR DAMAGED FUEL ASSEMBLIES and FUEL DEBRIS,
with or without NON-FUEL HARDWARE, placed in DAMAGED FUEL
CONTAINERS. Uranium oxide PWR DAMAGED FUEL ASSEMBLIES and
FUEL DEBRIS shall meet the criteria specified in Table 2.1-2 and meet the
following specifications (Note 1):

a. Cladding Type:

b. Initial Enrichment:

ZR or Stainless Steel (SS) as specified in
Table 2.1-2 for the applicable fuel
assembly array/class

As specified in Table 2.1-2 for the
applicable fuel assembly array/class.

I
I
I

c. Post-irradiation Cooling Time
and Average Bumup Per

Assembly:

i. Array/Classes 14xl4D,
14x14E, and 15x15G

ii. All Other Array/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
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Cooling time > 8 years and an average
bumup < 40,000 MWD/MTU.

As specified in Section 2.4.

As specified in Table 2.1-8.
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Table 2.1-1 (page 39 of 39)
Fuel Assembly Limits

VIII. MPC MODEL: MPC-32F (cont'd)

A. Allowable Contents (cont'd)

d. Decay Heat PerAssembly

* i. Array/Classes 14x14D,
14x14E, and 15x15G

ii. All Other ArraylClasses

e. Fuel Assembly Length

f. Fuel Assembly Width

g. Fuel Assembly Weight

< 500 Watts.

As specified in Section 2.3.

< 176.8 inches (nominal design)

I

I
I
I
I
I

I
I
I
I
I
I

I

I

I
I
I
I
I
I
I
I

< 8.54 inches (nominal design)

< 1,680 lbs (including NON-FUEL
HARDWARE and DFC)

B. Quantity per MPC: Up to eight (8) DAMAGED FUEL ASSEMBLIES and/or FUEL
DEBRIS in DAMAGED FUEL CONTAINERS, stored in fuel storage locations 1,
4, 5, 10, 23, 28, 29, and/or 32. The remaining MPC-32F fuel storage locations
may be filled with PWR INTACT FUEL ASSEMBLIES meeting the applicable
specifications.

C. Neutron sources are not permitted for loading in the MPC-32F. I

Note 1: Fuel assemblies containing BPRAs, TPDs, WABAs, water displacement guide
tube plugs, orifice rod assemblies, or vibration suppressor inserts may be stored
in any fuel cell location. Fuel assemblies containing CRAs, RCCAs, CEAs, or
APSRs mayonly be loaded in fuel storage locations 13, 14, 19 and/or20. These
requirements are in addition to any other requirements specified for uniform or
regionalized fuel loading.
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Table 2.1-2 (page 1 of 4)
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Funrely Asasembly | 014x14A 14x:1B 14xl4C 14x14D 14x14E
A rraylC lass _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _

Clad Material ZR ZR ZR SS SS

Design Initial U
(kg/assy.) (Note 3) < 365 < 412 < 438 < 400 < 206

Initial Enrichment
(MPC-24,24E and < 4.6 (24) < 4.6 (24) < 4.6 (24) < 4.0 (24) < 5.0 (24)
24EF without
soluble boron < 5.0 < 5.0 < 5.0 < 5.0 < 5.0

(wt % U) (24E124EF) (24E/24EF) (24E/24EF) (24E/24EF) (24E/24EF)

(Note 7) _ _ _

Initial Enrichment
(MPC-24,24E.
24EF, 32, or 32F < 5.0 <5.0 < 5.0 < 5.0 < 5.0
with soluble boron <. 50<. 50<.
credit - see Note 5)
(wt % 

235
U) . ,

No. of Fuel Rod 179 179 176 180 173
Locations

Fuel Rod Clad O.D. > 0.400 > 0.417 > 0.440 > 0.422 > 0.3415
(in.)_ _ _ _ _ _ __ _ _ _ _ _ _

Fuel Rod Clad l.D. < 0.3514 < 0.3734 < 0.3880 < 0.3890 < 0.3175

Fuel Pellet Dia. < 0.3444 < 0.3659 < 0.3805 < 0.3835 < 0.3130
(in.) _ _ _ _ _ _ _ _ _ _ _ _

Fuel Rod Pitch (in.) < 0.556 < 0.556 < 0.580 < 0.556 Note 6

Ac(ive Fuel<eIgS < 150 < 150 < 150 < 144 < 102

No. of Guide and/or 17 17 5 (Note 4) 16 0
Instrument Tubes

Guide/instrument
Tube > 0.017 > 0.017 > 0.038 > 0.0145 N/A
Thickness (in.)
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Table 2.1-2 (page 2 of 4)
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1

Fuel Assembly 15x15A 15x15B 15x15C 15x15D 15x15E 15xl5F
Array/Class__ _ _ _ ___ _ _ _ _ _ _ _ _ _ _

Clad Material ZR ZR ZR ZR ZR ZR

Design Initial U
(kglassy.) < 473 < 473 < 473 < 495 < 495 < 495
(Note 3)

Initial Enrichment
(MPC-24, 24E and < 4.1 (24) < 4.1 (24) < 4.1 (24) < 4.1 (24) < 4.1 (24) < 4.1 (24)
24EF without
soluble boron credit) < 4.5 < 4.5 < 4.5 < 4.5 < 4.5 < 4.5
(wt % 2MU) (24E124EF) (24E124EF) (24E/24EF) (24E/24EF) (24E/24EF) (24E/24EF)
(Note 7)

Initial Enrichment
(MPC-24, 24E,
24EF, 32, or 32F < 5.0 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
with soluble boron -

credit - see Note 5)
(wt % 2MU)

No. of Fuel Rod 204 204 204 208 208 208
Locations

Fuel Rod Clad O.D. > 0.418 > 0.420 > 0.417 > 0.430 > 0.428 > 0.428

Fuel Rod Clad I.D. < 0.3660 < 0.3736 < 0.3640 < 0.3800 < 0.3790 < 0.3820
(in.)

Fuel Pellet Dia. (in.) < 0.3580 < 0.3671 < 0.3570 < 0.3735 < 0.3707 < 0.3742

Fuel Rod Pitch (in.) < 0.550 < 0.563 < 0.563 < 0.568 < 0.568 < 0.568

Active Fuel Length <150 <.150 <150 <150 sI15 <150
(in.) ___________ . ___<_____ _______ _<

No. of Guide andlor 21 21 21 17 17 17
Instrument Tubes

GuideTinstrument > 0.0165 > 0.015 >0.0165 > 0.0150 > 0.0140 > 0.0140
Tube Thickness (in.) I _ _ I _

Certificate of Compliance No. 1014
Appendix B 2-48



Approved Contents
2.0

Table 2.1-2 (page 3 of 4)
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly 15x15G 15x15H 16xlA 17x17A 17x17B 17x17C
A rray! C lass _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _

Clad Material SS ZR ZR ZR ZR ZR

Design Initial U
(kglassy.) < 420 < 495 < 448 c433 < 474 < 480
(Note 3) _

Initial Enrichment
(MPC-24, 24E. and
24EF wihout a 4.0 (24) < 3.8 (24) < 4.6 (24) < 4.0 (24) < 4.0 (24) < 4.0 (24)

soluble boron < 4.5 < 4.2 < 5.0 c 4A <4.4 < 4.4
(Wt % 2MU) (24E/24EF) (24E/24EF) (24E124EF) (24Ei24EF) (24E/24EF) (24E/24EF)

(Note 7)

Initial Enrichment
(MPC-24,24E,

wih solubleboron < 5.0 < 5.0 ' 5.0 c 5.0 c5.0 < 5.0
credit - see Note 5)
(wt % 23U)

LN~o. of OFnusel Rod 204 208 236 264 264 264
Locations

Fuel Rod Clad O.D. > 0.422 > 0.414 > 0.382 > 0.360 > 0.372 > 0.377
(in.)__ _ _ _ _

Fuel Rod Clad .D. <0.3890 <0.3700 < 0.3320 c 0.3150 c 0.3310 < 0.3330

Fuel Peflet Dia.
(in.) < 0.3825 <0.3622 c 0.3255 < 0.3088 < 0.3232 < 0.3252

Fuel Rod Pitch (in.) < 0.563 C 0.568 <0.506 < 0.496 <0.496 < 0.502

AciveFuelLength 144 < 150 < 150 < 150 <150 < 150

No. of Guide and/or 21 17 5 (Note 4) 25 25 25
Instrument Tubes

Guide/instnument
Tube > 0.0145 > 0.0140 > 0.0400 > 0.016 > 0.014 > 0.020
Thickness (in.)

I

I

I

I
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Table 2.1-2 (page 4 of 4)
PWR FUEL ASSEMBLY CHARACTERISTICS

Notes:

1. All dimensions are design nominal values. Maximum and minimum dimensions are specified
to bound variations in design nominal values among fuel assemblies within a given array/class.

2. Deleted.

3. Design initial uranium weight is the nominal uranium weight specified for each assembly by the
fuel manufacturer or reactor user. For each PWR fuel assembly, the total uranium weight limit
specified in this table may be increased up to 2.0 percent for comparison with users' fuel records
to account for manufacturer's tolerances.

4. Each guide tube replaces four fuel rods.

5. Soluble boron concentration per LCO 3.3.1.

6. This fuel assembly array/dass includes only the Indian Point Unit 1 fuel assembly. This fuel
assembly has two pitches in different sectors of the assembly. These pitches are 0.441 inches and
0.453 inches.

I

7. For those MPCs loaded with both INTACT FUEL ASSEMBLIES and DAMAGED
ASSEMBLIES or FUEL DEBRIS, the maximum initial enrichment of the INTACT
ASSEMBLIES, DAMAGED FUEL ASSEMBLIES and FUEL DEBRIS is 4.0 wt.% 235U.
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Table 2.1-3 (page 1 of 5)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly -x6A 6x6B 6x6C 7x7A 7x7B _x8A
Array/Class

Clad Material ZR ZR ZR ZR ZR ZR

Design Initial U
(kgnlassyl)(Note3) U 110 < 11O c 110 < 100 - 198 5120

Maximum PLANAR- < 2.7 for the
AVERAGE INITIAL UO2 rods.
ENRICHMENT c 2.7 See Note 4 c 2.7 c 2.7 c 4.2 c 2.7
(wt.% 0U) for MOX
(Note 14) rods

Initial Maximum Rod
Enrichment c 4.0 < 4.0 5 4.0 < 5.5 < 5.0 c 4.0
(wL% 235U) ___ _ _

No. of Fuel Rod 35 or 36 (up
Locations 35 or 36 So 9 MOX 36 49 49 63 or64

rods) ._.

Fuel Rod Clad O.D. 0
(in.) > 0.5550 > 0.5625 > 0.5630 > 0.4860 > 0.5630 > OA120

Fuel Rod Clad I.D.
Fin.) - 0-5105 0.4945 c 0.4990 < 0.4204 c 0.4990 c 0.3620

Fuel Pellet Dia. (in.) < 0.4980 < 0.4820 5 0.4880 c0.4110 c OA910 _ 0.3580

Fuel Rod Pitch (in.) 5 0.710 c50.710 < 0.740 5 0.631 5 0.738 c 0.523

Active Fuel Length 120 c120 c77.5 < 80 _ 150 c 120
(in.)__ _ _ _ _ _

No. of Water Rods . orO 1orO 0 0 0 .orO
(Note 111) Io____or______ or

Water Rod
Thickness (in.) >0 > 0 N/A NJA N/A > 0

CanlThickness(i.
Channel Thickness c 0.060 c 0.060 c 0.060 c 0.060 c 0.120 c 0.100

I

I
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Table 2.1-3 (2 of 5)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly 8x8B 8x8C 8x8D 8xSE 8x8F 9x9A
Array/Class

Clad Material ZR ZR ZR ZR ZR ZR

(kglassy.)(No I 3) < 152 < 190 < 190 < 190 < 191 < 180

Maximum PLANAR-
AVERAGE INITIAL
ENRICHMENT < 4.2 < 4.2 < 4.2 < 4.2 < 4.0 < 4.2
(WL% -U)
(Note 14)

Initial Maximum Rod
Enrichment < 5.0 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
(Wt.% 23U ) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

No. of Fuel Rod 63 or 64 62 60 or 61 59 64 74/68
Locations (oe5

Fuel Rod Clad 0.n. > 0.4840 > 0.4830 > 0.4830 > 0.4930 > 0.4576 > 0.4400

Fuel Rod Clad I.0. 0.4295 < 0.4250 < 0.4230 < 0.4250 < 0.3996 < 0.3840

Fuel Pellet Dia. (in.) < 0.4195 < 0.4160 < 0.4140 < 0.4160 < 0.3913 < 0.3760

Fuel Rod Pitch (in.) < 0.642 ' 0.641 < 0.640 < 0.640 < 0.609 < 0.56B

DesignActiveFuel <150 < 150 < 150 < 150 < 150 < 150
Length (in.) __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

No. of Water Rods 1 orO 2 1 -4 5 N/A 2
(Note 1I) (Note 7) (Note 12)

Water Rod Thickness _ 0.034 > 0.00 > 0.00 > 0.034 > 0.0315 > 0.00
(in.) Thickness (in.) _ 020202.0_0_1

Channel Tickness (in.) 50. 120 < 0. 120 '0.120 :<0.100 '0 .055 < 0.120

I

I
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Table 2.1-3 (page 3 of 5)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly 9x9B 9x9C 9x9D E ox9F 9x9G
Array/Class __________ __ __ _ _ ~ (Noate 13), (Note 13) O__ __ __

Clad Material ZR ZR ZR ZR ZR ZR

Design Initial U
(kglassy.) (Note 3) -c 180 c 182 <5182 c 183 - 183 c 164

Maximum PLANAR-
AVERAGE INITIAL
ENRICHMENT c 4.2 4.2 < 4.2 c 4.0 c 4.0 54.2
(Wt.% MU)
(Note 14)

Initial Maxdmum Rod
Enrichment 5.0 c55.0 c 5.0 c 5.0 5.0 c 5.0
(Wt.% MU)

No. of Fuel Rod 72 80 79 76 76 72
Locations72s796762

Fuel Rod Clad O.D. > 0.4330 > 0-4230 > 0.4240 > 0.4170 > 0.4430 > 0.4240
(In.) _ _ _ _ _ _ _

Fuel Rod Clad L.D.(in.) Rod5Clad l.D. c0.3810 c0.3640 - 0.3640 c 0.3640 < 0.3860 c 0.3640

Fuel Pellet Dia. (in.) c 0.3740 c 0.3565 c 0.3565 c 0.3530 c 0.3745 c 0.3565

Fuel Rod Pitch (in.) < 0.572 c 0.572 c 0.572 c 0.572 < 0.572 c 0.572

Design Active Fuel 5 < 1550 < 150 c 150 c150 c 150
Length (in.)

No. of Water Rods I (Note 6) 1 2 5 5 (Note 6)

Water Rod Thickness > O.OO > 0.020 > 0.0300 > 0.0120 > 0.0120 > 0.0320

Channel Thickness (in.) c 0.120 c 0.100 c 0.100 < 0.120 ' 0.120 c 0.120

I

I
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Table 2.1-3 (page 4 of 5)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel AssemblyArraylClass 10x10A | OX10x1B 10xIOC 1OxIOD 1OxtOE

CladMaterial ZR ZR ZR SS SS

Design Initial U (kglassy.) (Note 3) <188 c 188 c 179 c 125 c 125

Maximum PLANAR-AVERAGE INMAL
ENRICHMENT c 4.2 5 4.2 < 4.2 < 4.0 < 4.0

(Note 14)

Initial Maximum Rod Enrichment < 5.0 c5.0 c 5.0 55.0 c 5.0
(WL% 2MU) ___________C 5. _________.

No. of Fuel Rod Locations 92178 91/83 9S 100 9S
(Note 8) (Note 9) 9

Fuel Rod Clad O.D. (in.) > 0.4040 > 0.3957 > 0.3780 > 0.3960 > 0.3940

Fuel Rod Clad I.D. (in.) c 0.3520 c 0.3480 5 0.3294 c 0.3560 50.3500

Fuel Pellet Dia. (in.) c 0.3455 c 0.3420 c 0.3224 <C 0.3500 0.3430

Fuel Rod Pitch (in.) C 0.510 < 0.510 c 0.488 < 0.565 < 0.557

Design Active Fuel Length n.) < 150 <150 c 150 c 83 < 83

No. of Water Rods (Note 11) 2 1 (Note 6) 5 (Note 10) 0 4

Water Rod Thickness (in.) > 0.0300 > 0.00 > 0.031 NIA > 0.022

Channel Thickness (in.) c 0.120 < 0.120 '0.055 < 0.080 < 0.080

I

I
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Table 2.1-3 (page 5 of 5)
BWR FUEL ASSEMBLY CHARACTERISTICS

Notes:

1. All dimensions are design nominal values. Maximum and minimum dimensions are specified to
bound variations in design nominal values among fuel assemblies within a given array/class.

2. Deleted.

3. Design initial uranium weight is the nominal uranium weight specified foreach assembly bythe fuel
manufactureror reactor user. Foreach BWRfuel assembly, the total uranium weightlimitspecified
in this table may be increased up to 1.5 percent for comparison with users' fuel records to account
for manufacturer tolerances.

4. < 0.635 wt. % 235U and c 1.578 wt. % total fissile plutonium (239Pu and 24"Pu), (wt. % of total fuel
weight, i.e., U0 2 plus PuO2).

5. This assembly class contains 74 total rods; 66 full length rods and 8 partial length rods.

6. Square, replacing nine fuel rods.

7. Variable.

8. This assembly contains 92 total fuel rods; 78 full length rods and 14 partial length rods.

9. This assembly class contains 91 total fuel rods; 83 full length rods and 8 partial length rods.

10. One diamond-shaped water rod replacing the four center fuel rods and four rectangular water rods
dividing the assembly into four quadrants.

11. These rods may also be sealed at both ends and contain Zr material in lieu of water.

12. This assembly is known as mQUAD+. It has four rectangular water cross segments dividing the
assembly into four quadrants.

13. For the SPC 9x9-5 fuel assembly, each fuel rod must meet either the 9x9E or the 9x9F set of limits
for clad O.D., clad I.D., and pellet diameter.

14. For those MPCs loaded with both INTACT FUEL ASSEMBLIES and DAMAGED FUEL
ASSEMBLIES or FUEL DEBRIS, the maximum PLANARAVERAGE INITIAL ENRICHMENT forthe
INTACT FUEL ASSEMBLIES is limited to 3.7 wt.% 235U, as applicable.
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Table 2.1-4

TABLE DELETED I

I

Certificate of Compliance No. 1014
Appendix B 2-56



Approved Contents
2.0

Table 2.1-5

TABLE DELETED I
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Table 2.1-6 (page 1 of 2)

TABLE DELETED I
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Table 2.1-6 (page 2 of 2)

TABLE DELETED I

I
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Table 2.1-7 (page 1 of 2)

TABLE DELETED I
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Table 2.1-7 (page 2 of 2)

TABLE DELETED
I
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Table 2.1-8
NON-FUEL HARDWARE COOLING AND AVERAGE BURNUP (Notes 1, 2, and 3) I

Post-irradiation INSERTS GUIDE TUBE CONTROL APSR
Cooling Time (Note 4) HARDWARE COMPONENT BURNUP

(years) BURNUP (Note 5) (Note 6) (MWDIMTU)
(MWDIMTU) BURNUP BURNUP

(MWDIMTU) (MWDIMTU)

>3 < 24,635 NA (Note 7) NA NA

> 4 < 30,000 < 20,000 NA NA

> 5 < 36,748 < 25,000 < 630,000 < 45,000

* 6 < 44,102 < 30,000 - < 54,500

> 7 < 52,900 < 40,000 - < 68,000

* 8 < 60,000 < 45,000 - < 83,000

> 9 - < 50,000 < 111,000

>10 - < 60,000 - < 180,000

> 11 - < 75,000 - <630,000

> 12 <90,000

> 13 - < 180,000 -

> 14 - < 630,000 -

Notes: 1. Bumups for NON-FUEL HARDWARE are to be determined based on the bumup and uranium mass of the
fuel assemblies in which the component was inserted during reactor operation.

2. Unear interpolation between points is permitted, exceptthatTPD and APSR bumups > 180,000 MWDJMTU
and < 630,000 MWDIMTU must be cooled > 14 years and > 11 years, respectively.

3. Applicable to uniform loading and regionalized loading.

4. Includes Burnable Poison Rod Assemblies (BPRAs), Wet Annular Burnable Absorbers (WABAs), and
vibration suppressor inserts..

5. Includes Thimble Plug Devices (TPDs), water displacement guide tube plugs, and orifice rod assemblies.

6. Includes Control Rod Assemblies (CRAs), Control Element Assemblies (CEAs), and Rod Cluster Control
Assemblies (RCCAs).

7. NA means not authorized for loading at this cooling time.
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2.4 Decay Heat, Bumup, and Cooling Time Limits for ZR-Clad Fuel

This section provides the limits on ZR-clad fuel assembly decay heat, bumup, and cooling time for
storage in the HI-STORM 100 System. A detailed discussion of how to calculate the limits and verify
compliance, Including examples, is provided in Chapter 12 of the HI-STORM 100 FSAR.

2.4.1 Uniform Fuel Loading Decay Heat Limits for ZR-Clad Fuel

Table 2.4-1 provides the maximum allowable decay heat per ZR-clad fuel assembly for
uniform fuel loading for each MPC model.

Table 2A-1

Maximum Allowable Decay Heat per Fuel Assembly
(Uniform Loading, ZR-Clad)

MPC Model 0 0 Decay Heat per Fuel Assembly
I(kW)

MPC-24/24E/24EF < 1.583

MPC-32132F < 1.1875

MPC-68/68FF < 0.522

I

I

I

I

2.4.2 Regionalized Fuel Loading Decay Heat Umits for ZR-Clad Fuel

The allowable maximum decay heat per ZR-clad fuel assembly for regionalized fuel loading
shall be calculated as follows. Fuel loading regions for each MPC model are shown in
Figures 2.1-1 through 2.1-4. The number of fuel storage locations in each region and the
maximum total decay heat per MPC model is provided in Table 2.4-2.

Table 2.4-2

MPC Fuel Storage Regions and Maximum Decay Heat

Number of Fuel Number of Fuel Maximum Decay

MPC Model Storage Locations Storage Locations In Heat per MPC, QIVIPCModelIn Region I Region 2 (ket e VIC
(NRfgtn 1) (NReqbn 2)

MPC-24/24E/24EF 4 - 20 38

MPC-32132F 12 20 38

MPC-68/68FF 32 36 35.5

I

I

I
I
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2.4.2 Regionalized Fuel Loading Decay Heat Limits for ZR-Clad Fuel (cont'd)

2.4.2.1 Choose a value of X between I and 6, where X is the ratio of the maximum
decay heat per fuel assembly permitted in Region I (qRg ) to the maximum
decay heat per fuel assembly permitted in Region 2 (qRe98 2)-

2.4.2.2 Calculate qR.,kb2 using the following equation:

qR.glb2 = (2 X Q/[(1 + X° 15) x (NRwbnI x X + NRn, 2) Equation. 2.4.

Where:

qRqgi 2 = Maximum allowable decay heat per fuel assembly in Region 2 (kW)

Q = Maximum allowable heat load for the MPC model from Table 2.4-2 (kW)

X = Ratio of qRegi I to iRfgti2 chosen in Step 2.4.2.1

NReg,, 1= Number of fuel storage locations in Region I from Table 2.4-2

NRegil 2 = Number of fuel storage locations in Region 2 from Table 2.4-2

2.4.2.3 Calculate qR.9 ,IEN1 using the following equation:

qRegn I= X X qCRgk. 2 Equation 2.4.2

Where:

qRb, I = Maximum allowable decay heat per fuel assembly in Region 1 (kW)

qRqgb2 = Maximum allowable decay heat per fuel assembly in Region 2
calculated in Step 2.4.2.2 (kW)

X = Ratio of qRegbo to qRegi. 2 chosen in Step 2.4.2.1

I

I

2.4.3 Bumup Limits as a Function of Cooling Time for ZR-Clad Fuel

The maximum allowable ZR-clad fuel assembly average burnup varies with the following
parameters:

* Minimum fuel assembly cooling time
* Maximum fuel assembly decay heat
* Minimum fuel assembly average enrichment
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2A.3 Bumup Limits as a Function of Cooling Time for ZR-Glad Fuel (cont'd)

The maximum allowable ZR-clad fuel assembly average bumup for a given MINIMUM
ENRICHMENT Is calculated as described below for minimum cooling times between 3 and
20 years using the maximum permissible decay heat determined in Section 2.4.1 or 2A.2.
Different fuel assembly average bumup limits may be calculated for different minimum
enrichments (by individual fuel assembly) for use in choosing the fuel assemblies to be
loaded into a given MPC.

2.4.3.1 Choose a fuel assembly minimum enrichment, E,3.

2.4.3.2 Calculate the maximum allowable fuel assembly average bumup for a minimum
cooling time between 3 and 20 years and the applicable fuel assembly
maximum decay using the equation below.

Bu =(A x q) + (B x q2) + (C x q3) + D x (E.Yj + (E x q x E23) + (F x2x E.) + G

Equation 2.4.3

Where:

Bu = Maximum allowable average bumup per fuel assembly (MWDIMTU)

q = Maximum allowable decay heat per fuel assembly determined in Section
2.4.1 or 2.4.2 (kW)

E235 = Minimum fuel assembly average enrichment (wt. % 235U)
(e.g., for 4.05 wt.%, use 4.05)

A through G = Coefficients from Tables 2.4-3 and 2.4-4 for the applicable fuel
assembly arrayl/lass and minimum cooling time

2.4.3.3 Calculated bumup limits shall be rounded down to the nearest integer.

2.4.3.4 Calculated bumup limits greater than 68,200 MWD/MTU for PWR fuel and
65,000 MWDIMTU for BWR must be reduced to be equal to these values.

2A.3.5 Linear interpolation of calculated bumups between cooling times for a given fuel
assembly maximum decay heat and minimum enrichment is permitted. For
example, the allowable bumup for a cooling time of 4.5 years may be
interpolated between those bumups calculated for 4 year and 5 years.
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2.4.3 Bumup Limits as a Function of Cooling Time for ZR-Clad Fuel (cont'd)

2.4.3.6 Each ZR-clad fuel assembly to be stored must have a MINIMUM ENRICHMENT
greater than or equal to the value used in Step 2.4.3.2.

2.4.3.7 When complying with the maximum fuel assembly decay heat limits, users must
account for the decay heat from NON-FUEL HARDWARE, as applicable for the
particular fuel storage location, to ensure the decay heat emitted by all contents
in a storage location does not exceed the limit.
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Table 2.4-3 (Page 1 of 8)

PWR Fuel Assembly Cooling Time-Dependent Coefficients
(ZR-Clad Fuel)

Cooling ArraylClass 14x14A
Time

(years) A B C-- D E F G

>3 20277.1 303.592 -68.329 -139.41 2993.67 -498.159 -615.41 1

>4 35560.1 -6034.67 985A15 -132.734 3578.92 -723.721 -609.84

>5 48917.9 -14499.5 2976.09 -150.707 4072.55 -892.691 -54.8362

>6 59110.3 -22507 5255.61 -177.017 4517.03 -1024.01 613.36

> 7 67595.6 -30158.1 7746.6 ' -200.128 4898.71 -1123.21 716.004

'>8 74424.9 -36871.1 10169.4 '-218.676 5203.64 -1190.24 741.163

_9 81405.8 -44093.1 12910.8 -227.916 -5405.34 -1223.27 250.224

> 10 86184.3 -49211.7 15063.4 -237.641 5607.96 -1266.21 134.435

>11 92024.9 -55666.8 17779.6 -240.973 5732.25 -1282.12 -401 A56

> 12 94775.8 -58559.7 19249.9 -246.369 5896.27 -1345A2 -295.435

> 13 100163 -64813.8 22045.1 -242.572 5861.86 -1261.66 -842.159

> 14 103971 -69171 24207 -242.651 5933.96 '-1277.48 -1108.99

_>15 108919 -75171.1 27152.4 -243.154 6000.2 -1301.19 -1620.63

> 16 110622 -76715.2 28210.2 -240.235 6028.33 -1307.74 -1425.5

> 17 115582 -82929.7 31411.9 -235.234 5982.3 -1244.11 -1948.05

> 18 119195 -7323.5 33881 4 -233.28 6002.43 -1245.95 -2199A1

> 19 121882 -90270.6 35713.7 -231.873 6044.42 -1284.55 -2264.05

> 20 124649 -93573.5 37853.1 -230.22 6075.82 -1306.57 -2319.63
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Table 2.4-3 (Page 2 of 8) I

PWR Fuel Assembly Cooling Time-Dependent Coefficients
(ZR-Clad Fuel)

Cooling ArraylClass 14x14B
Time

(years) A B C D E F G

> 3 18937.9 70.2997 -28.6224 -130.732 2572.36 -383.393 -858.17

> 4 32058.7 -4960.63 745.224 -125.978 3048.98 -551.656 -549.108

> 5 42626.3 -10804.1 1965.09 -139.722 3433.49 -676.643 321.88

> 6 51209.6 -16782.3 3490.45 -158.929 3751.01 -761.524 847.282

> 7 57829.9 -21982 5009.12 -180.026 4066.65 -846.272 1200.45

> 8 62758 -26055.3 6330.88 -196.804 4340.18 -928.336 1413.17

> 9 68161.4 -30827.6 7943.87 -204.454 4500.52 -966.347 1084.69

> 10 71996.8 -34224.3 9197.25 -210.433 4638.94 -1001.83 1016.38

> 11 75567.3 -37486.1 10466.9 -214.95 4759.55 -1040.85 848.169

> 12 79296.7 -40900.3 11799.6 -212.898 4794.13 -1040.51 576.242

> 13 82257.3 -43594 12935 -212.8 4845.81 -1056.01 410.807

> 14 83941.2 -44915.2 13641 -215.389 4953.19 -1121.71 552.724

> 15 87228.5 -48130 15056.9 -212.545 4951.12 -1112.5 260.194

> 16 90321.7 -50918.3 16285.5 -206.094 4923.36 -1106.35 -38.7487

> 17 92836.2 -53314.5 17481.7 -203.139 4924.61 -1109.32 -159.673

> 18 93872.8 -53721 A 17865.1 -202.573 4956.21 -1136.9 30.0594

> 19 96361.6 -56019.1 19075.9 -199.068 4954.59 -1156.07 -125.917

>20 98647.5 -57795.1 19961.8 -191.502 4869.59 -1108.74 -217.603

I

I

I

I

I

I

I

I

I

I
I
I
I
I
I
I
I
II
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Table 2.4-3 (Page 3 of 8)

PWR Fuel Assembly Cooling Time-Dependent Coefficients
(ZR-Clad Fuel)

Cooling _ArraylClass 14x14C
Time

(years) A B C D E F G

> 3 19176.9 192.012 -66.7595 -138.112 2666.73 -407.664 -1372.41

> 4 32040.3 -4731.4 651.014 - -124.944 3012.63 -530.456 -890.059

> 5 43276.7 -11292.8 2009.76 -142.172 3313.91 -594.917 -200.195

> 6 51315.5 -16920.5 3414.76 -164.287 3610.77 -652.118 463.041

> 7 57594.7 -21897.6 4848.49 -189.606 3940.67 -729.367 781.46

> 8 63252.3 -26562.8 6273.01 -199.974 4088.41 -732.054 693.879

> 9 67657.5 - -30350.9 7533.4 -211.77 4283.39 -772.916 588.456

> 10 71834.4 -34113.7 8857.32 -216.408 4383.45 -774.982 380.243

> 11 75464.1 -37382.1 10063 -218.813 4460.69 -776.665 160.668

> 12 77811.1 -39425.1 10934.3 -225.193 4604.68 -833.459 182.463

> 13 81438.3 -42785.4 12239.9 -220.943 4597.28 -803.32 -191.636

> 14 84222.1 45291.6- 13287.9 -218.366 4608.13 -791.655 -354.59

> 15 86700.1 -47582.6 14331.2 -218.206 4655.34: -807.366 -487.316

> 16 88104.7 -48601.1 14927.9 -219.498 4729.97 -849.446 -373.196

> 17 91103.3 -51332.5 16129 -212.138 4679.91 -822.896 -654.296

> 18 93850.4 -53915.8 17336,9 -207.666 4652.65 --799.697 -866.307

> 19 96192.9 -55955.8 18359.3 -203.462 4642.65 -800.315 -1007.75

> 20 97790.4 -57058.1 19027.7 -200.963 4635.88 -799.721 -951.122
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Table 2.4-3 (Page 4 of 8)

PWR Fuel Assembly Cooling lime-Dependent Coefficients
(ZR-Clad Fuel)

Cooling Array/Class 15x15A/B/C
Time

(years) A B C D E F G

> 3 15789.2 119.829 -21.8071 -127.422 2152.53 -267.717 -580.768

> 4 26803.8 -3312.93 415.027 -116.279 2550.15 -386.33 -367.168

> 5 36403.6 -7831.93 1219.66- -126.065 2858.32 -471.785 326.863

> 6 44046.1 -12375.9 2213.52 -145.727 3153.45 -539.715 851.971

> 7 49753.5 -16172.6 3163.61 -166.946 3428.38 -603.598 1186.31

> 8 55095.4 -20182.5 4287.03 -183.047 3650.42 -652.92 1052.4

> 9 58974.4 -23071.6 5156.53 -191.718 3805.41 -687.18 1025

> 10 62591.8 -25800.8 5995.95 -195.105 3884.14 -690.659 868.556

> 11 65133.1 -27747.4 6689 -203.095 4036.91 -744.034 894.607

> 12 68448.4 -30456 7624.9 -202.201 4083.52 -753.391 577.914

> 13 71084.4 -32536.4 8381.78 -201.624 4117.93 -757.16 379.105

> 14 73459.5 -34352.3 9068.86 -197.988 4113.16 -747.015 266.536

> 15 75950.7 -36469.4 9920.52 -199.791 4184.91 -779.222 57.9429

> 16 76929.1 -36845.6 10171.3 -197.88 4206.24 -794.541 256.099

> 17 79730 -39134.8 11069.4 -190.865 4160.42 -773.448 -42.6853

> 18 81649.2 -40583 11736.1 -187.604 4163.36 -785.838 -113.614

> 19 83459 -41771.8 12265.9 -181.461 4107.51 -758.496 -193.442

> 20 86165.4 -44208.8 13361.2 -178.89 4107.62 -768.671 -479.778
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Table 2.4-3 (Page 5 of 8)

PWR Fuel Assembly Cooling Time-Dependent Coefficients
(ZR-Clad Fuel)

Cooling Array/Class 15x1 5D/E/F/H
Time

(years) A B C D E F G

> 3 15192.5 50.5722 -12.3042 -126.906 2009.71 -235.879 -561.574

>4 25782.5 -3096.5 369.096 -113.289 2357.75 -334.695 -254.964

>5 35026.5 -7299.87 1091.93 -124.619 2664 -414.527 470.916

>6 42234.9 --11438.4 1967.63 -145.948 2945.81 -474.981 1016.84

-> 7 47818.4 --15047 - 2839.22 -167.273 3208.95 -531 .296 1321.12

>8 52730.7 -18387.2 3702.43 '-175.057 3335.58 -543.232 1223.61

> 9 56254.6 -20999.9 4485.93 -190.489 3547.98 -600.64 1261.55

> 10 -59874.6 -23706.5 5303.88 -1 93.807 3633.0 -611.892 1028.63

> 11 62811 -25848.4 5979.64 -194.997 3694.14 -618.968 862.738

> 12 65557.6 -27952.4 6686.74 -198.224 3767.28 4635.126 645.139

> 13 67379.4 -29239.2 7197A9 -200.164 3858.53 --677.958 652.601

> 14 69599.2 -30823.8 7768.51 -196.788 3868.2 479.88 504.443

> 15 71806.7 -32425 8360.38 -191.935 3851.65 -:-669.917 321.146

> 16 73662.6 -33703.5 8870.78 -187.366 3831.59 -658A19 - 232.335

> 17 76219.8 -35898.1 9754.72 -189.111 - 3892.07 -694.244 -46.924

> 18 76594A -35518.2 9719.78 -185.11 3897.04 -712.82 236.047

> 19 78592.7 -36920.8 10316.5 -179.54 3865.8 -709.551 82.478

> 20 80770.5 -38599.9 11051.3 -175.106 3858.67 -723.211 -116.014

I

I

I

I

I

I

I

I

I

I

I

I

I
I
I
I
I
I
I
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Table 2.4-3 (Page 6 of 8)

PWR Fuel Assembly Cooling Time-Dependent Coefficients
(ZR-Clad Fuel)

Cooling Array/Class 16X16A
Time

(years) A B C D E F G

> 3 17038.2 158.445 -37.6008 -136.707 2368.1 -321.58 -700.033

> 4 29166.3 -3919.95 508.439 -125.131 2782.53 -455.722 -344.199

> 5 40285 -9762.36 1629.72 -139.652 3111.83 -539.804 139.67

> 6 48335.7 -15002.6 2864.09 -164.702 3444.97 -614.756 851.706

> 7 55274.9 -20190 4258.03 -185.909 3728.11 -670.841 920.035

> 8 60646.6 -24402.4 5483.54 -199.014 3903.29 -682.26 944.913

> 9 64663.2 -27753.1 6588.21 -215.318 4145.34 -746.822 967.914

> 10 69306.9 -31739.1 7892.13 -218.898 4237.04 -746.815 589.277

> 11 72725.8 -34676.6 8942.26 -220.836 4312.93 -750.85 407.133

> 12 76573.8 -38238.7 10248.1 -224.934 4395.85 -757.914 23.7549

> 13 78569 -39794.3 10914.9 -224.584 4457 -776.876 69.428

> 14 81559.4 -42453.6 11969.6 -222.704 4485.28 -778.427 -203.031

> 15 84108.6 -44680.4 12897.8 -218.387 4460 -746.756 -329.078

> 16 86512.2 -46766.8 13822.8 -216.278 4487.79 -759.882 479.729

> 17 87526.7 -47326.2 14221 -218.894 4567.68 -805.659 -273.692

> 18 90340.3 49888.6 15349.8 -212.139 4506.29 -762.236 -513.316

> 19 93218.2 -52436.7 16482.4 -207.653 4504.12 -776.489 -837.1

> 20 95533.9 -54474.1 17484.2 -203.094 4476.21 -760.482 -955.662
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Table 2.4-3 (Page 7 of 8)

PWR Fuel Assembly Cooling Time-Dependent Coefficients
(ZR-Clad Fuel)

Cooling - - ArraylClass 17x17A
lime

-(years) A B C D E F G

> 3 16784.4 3.90244 '-10.476 -128.835 2256.98 -287.108 -263.081

> 4 28859 -3824.72 491.016 -120.108 2737.65 -432.361 -113.457

> 5 40315.9 -9724 1622.89 - -140.459 3170.28 -547.749 425.136

6 6 49378.5 -15653.1 3029.25 -164.712 3532.55 -628.93 842.73

> 7 56759.5 -21320.4 4598.78 -190.58 3873.21 - -698.143 975.46

> 8 63153.4 -26463.8 6102.47 -201.262 4021.84 -685.431 848.497

> 9 67874.9 -30519.2 7442.84 -218.184 -4287.23 -754.597 723.305

> 10 72676.8 -34855.2 8928.27 -222.423 4382.07 -741.243 387.877

> 11 75623 -37457.1 9927.65 -232.962 4564.55 -792.051 388.402

> 12 80141.8 -41736.5 11509.8 -- 232.944 4624.72 -787.134 -164.727

> 13 83587.5 45016.4 12800.9 -230.643 4623.2 -745.177 -428.635

> 14 - 86311.3 -47443.4 13815.2 -228.162 '4638.89 -729.425 -561.758

> 15 87839.2 -48704.1 14500.3 -231.979 4747.67 -775.801 '-441.959

> 16 91190.5 -51877A.- 15813.2 -225.768 4692.45 -719.311 -756.537

> 17 94512 -55201.2 17306.1 -224.328 4740.86 '-747.11 -1129.15

> 18 96959 -57459.9 18403.8 -220.038 4721.02 -726.928 -1272.47

> 19 99061.1 -59172.1 19253.1 -214.045 4663.37 -6-79.362 -1309.88

>20 100305 -59997.5 19841.1 216.112 4721.71 -705.463 -1148.45
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Table 2.4-3 (Page 8 of 8)

PWR Fuel Assembly Cooling Time-Dependent Coefficients
(ZR-Clad Fuel)

Cooling Array/Class 17x178/C
Time

(years) A B C D E F G

> 3 15526.8 18.0364 -9.36581 -128.415 2050.81 -243.915 -426.07

> 4 26595.4 -3345A7 409.264 -115.394 2429.48 -350.883 -243.477

> 5 36190.4 -7783.2 1186.37 -130.008 2769.53 -438.716 519.95

> 6 44159 -12517.5 2209.54 -150.234 3042.25 -489.858 924.151

> 7 50399.6 -16780.6 3277.26 -173.223 3336.58 -555.743 1129.66

> 8 55453.9 -20420 4259.68 -189.355 3531.65 -581.917 1105.62

> 9 59469.3 -23459.8 5176.62 -199.63 3709.99 -626.667 1028.74

> 10 63200.5 -26319.6 6047.8 -203.233 3783.02 -619.949 805.311

> 11 65636.3 -28258.3 6757.23 -214.247 3972.8 -688.56 843.457

> 12 68989.7 -30904.4 7626.53 -212.539 3995.62 -678.037 495.032

> 13 71616.6 -32962.2 8360.45 -210.386 4009.11 -666.542 317.009

> 14 73923.9 -34748 9037.75 -207.668 4020.13 -662.692 183.086

> 15 76131.8 -36422.3 9692.32 -203.428 4014.55 -655.981 47.5234

> 16 77376.5 -37224.7 10111.4 -207.581 4110.76 -703.37 161.128

> 17 80294.9 -39675.9 11065.9 -201.194 4079.24 -691.636 -173.782

* 18 82219.8 41064.8 11672.1 -195.431 4043.83 -675.432 -286.059

> 19 84168.9 -42503.6 12309.4 -190.602 4008.19 -656.192 -372.411

> 20 86074.2 -43854.4 12935.9 -185.767 3985.57 -656.72 -475.953
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Table 2.4-4 (Page 1 of 10)

BWR Fuel Assembly Cooling Time-Dependent Coefficients
- (ZR-Clad Fuel)

Cooling Array/Class 7x7B
lime

(years) A B C | D E F G

> 3 26409.1 28347.5 -16858 -147.076 5636.32 -1606.75 1177.88

>4 61967.8 -6618.31 -4131.96 -113.949 6122.77 -2042.85 -96.7439

> 5 91601.1 -49298.3 17826.5 -132.045 6823.14 -2418.49 -185.189

> 6 111369 -80890.1 35713.8 -150.262 7288.51 -2471.1 86.6363

> 7 126904 -108669 53338.1 -167.764 7650.57 -2340.78 150.403

> 8 139181 -132294 69852.5 -187.317 8098.66 -2336.13 97.5285

> 9 150334 -154490 86148.1 -193.899 8232.84 -2040.37 -123.029

> 10 159897 -173614 100819 -194.156 8254.99 -1708.32 -373.605

>11 166931 -186860 111502 -193.776 8251.55 -1393.91 -543.677

> 12 173691 -201687 125166 -202.578 8626.84 -1642.3 -650.814

> 13 180312 -215406 137518 -201.041- 8642.19 -1469.45 -810.024

> 14 :185927 -227005 148721 -197.938 8607.6 -1225.95 -892.876

> 15 191151 -236120 156781 -191.625 8451.86 -846.27 -1019.4

> 16 195761 -244598 165372 -187.043- 8359.19 -572.561 -1068.19

> 17 200791 -256573 179816 -197.26 8914.28 -1393.37 -1218.63

> 18 206068 -266136 188841 -187.191 8569.56 -730.898 -1363.79

> 19 210187 -273609 197794 --182.151 8488.23 -584.727 -1335.59

> 20 213731 -278120 203074 -175.864 8395.63 -457.304 -1364.38
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BWR Fuel Assembly Cooling Time-Dependent Coefficients
(ZR-Clad Fuel)

Cooling Array/Class 8x8B
Time

(years) A B C D | E F G

> 3 28219.6 28963.7 -17616.2 -147.68 5887.41 -1730.96 1048.21

> 4 66061.8 -10742.4 -1961.82 -123.066 6565.54 -2356.05 -298.005

> 5 95790.7 -53401.7 19836.7 -134.584 7145.41 -2637.09 -298.858

> 6 117477 -90055.9 41383.9 -154.758 7613.43 -2612.69 -64.9921

> 7 134090 -120643 60983 -168.675 7809 -2183.3 -40.8885

> 8 148186 -149181 81418.7 -185.726 8190.07 -2040.31 -260.773

> 9 159082 -172081 99175.2 -197.185 8450.86 -1792.04 -381.705

>10 168816 -191389 113810 -195.613 8359.87 -1244.22 -613.594

> 11 177221 -210599 131099 -208.3 8810 -1466.49 -819.773

> 12 183929 -224384 143405 -207.497 8841.33 -1227.71 -929.708

> 13 191093 -240384 158327 -204.95 8760.17 -811.708 -1154.76

> 14 196787 -252211 169664 -204.574 8810.95 -610.928 -1208.97

> 15 203345 -267656 186057 -208.962 9078.41 -828.954 -1383.76

> 16 207973 -276838 196071 -204.592 9024.17 -640.808 -1436.43

> 17 213891 -290411 211145 -202.169 9024.19 -482.1 -1595.28

> 18 217483 -294066 214600 -194.243 8859.35 -244.684 -1529.61

> 19 220504 -297897 219704 -190.161 8794.97 -10.9863 -1433.86

> 20 227821 -318395 245322 -194.682 9060.96 -350.308 -1741.16
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BWR Fuel Assembly Cooling Time-Dependent Coefficients
(ZR-Clad Fuel)

Cooling - Array/Class 8x8CIDIE
Time

(years) A B C D E F - G

> 3 28592.7 28691.5 -17773.6 -149.418 5969.45 -1746.07 1063.62

> 4 66720.8 -12115.7 -1154 -128.444 6787.16 -2529.99 -302.155

> 5 96929.1 -55827.5 21140.3 --136.228 7259.19 -2685.06 -334.328

> 6 118190 -92000.2 42602.5 -162.204 7907.46 -2853.42 -47.5465

> 7 135120 -123437 62827.1 -172.397 8059.72 -2385.81 -75.0053

> 8 149162 -152986 84543.1 -195.458 8559.11 -2306.54 -183.595

> 9 161041 -177511 - 103020 -200.087 8632.84 -1864.4 -433.081

> 10 171754 -201468 122929 -209.799 8952.06 -1802.86 -755.742

> 11 179364 -217723 137000 -215.803 9142.37 -1664.82 -847.268

> 12 186090 -232150 150255 -216.033 9218.36 -1441.92 -975.817

> 13 193571 -249160 165997 -213.204 9146.99 -1011.13 -1119.47

> 14 200034 -263671 180359 -210.559 9107.54 -694.626 -1312.55

> 15 205581 -275904 193585 -216.242 9446.57 - -1040.65 -1428.13

> 16 212015 -290101 207594 - -210.036 9212.93 -428.321 -1590.7

> 17 216775 -299399 218278 -204.611 9187.86 -398.353 --1657.6

> 18 220653 -306719 227133 -202.498 9186.34 -181.672 -1611.86

> 19 224859 -314004 235956 -193.902 8990.14 145.151 -1604.71

> 20 228541 -320787 245449 -200.727 9310.87 -230.252 -1570.18
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BWR Fuel Assembly Cooling Time-Dependent Coefficients
(ZR-Clad Fuel)

Cooling Array/Class 9x9A
Time

(years) A B C D E F G

> 3 30538.7 28463.2 -18105.5 -150.039 6226.92 -1876.69 1034.06

> 4 71040.1 -16692.2 1164.15 -128.241 7105.27 -2728.58 -414.09

> 5 100888 -60277.7 24150.1 -142.541 7896.11 -3272.86 -232.197

> 6 124846 -102954 50350.8 -161.849 8350.16 -3163.44 -91.1396

> 7 143516 -140615 76456.5 -185.538 8833.04 -2949.38 -104.802

> 8 158218 -171718 99788.2 -196.315 9048.88 -2529.26 -259.929

> 9 172226 -204312 126620 -214.214 9511.56 -2459.19 -624.954

> 10 182700 -227938 146736 -215.793 9555.41 -1959.92 -830.943

> 11 190734 -246174 163557 -218.071 9649.43 -1647.5 -935.021

> 12 199997 -269577 186406 -223.975 9884.92 -1534.34 -1235.27

> 13 207414 -287446 204723 -228.808 10131.7 -1614.49 -1358.61

> 14 215263 -306131 223440 -220.919 9928.27 -988.276 -1638.05

> 15 221920 -321612 239503 -217.949 9839.02 -554.709 -1784.04

> 16 226532 -331778 252234 -216.189 9893.43 -442.149 -1754.72

> 17 232959 -348593 272609 -219.907 10126.3 -663.84 -1915.3

> 18 240810 -369085 296809 -219.729 10294.6 -859.302 -2218.87

> 19 244637 -375057 304456 -210.997 10077.8 -425.446 -2127.83

> 20 248112 -379262 309391 -204.191 9863.67 100.27 -2059.39

.X
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BWR Fuel Assembly Cooling Time-Dependent Coefficients
(ZR-Clad Fuel)

Cooling ArraylClass 9x9B
Time-

(years) A B C D E F G

>3 30613.2 28985.3 -18371 -151.117 6321.55 -1881.28 -- 988.92

>4 71346.6 -15922.9 631.132' -128.876 7232.47 -2810.64 -471.737

>5 102131 -60654.1 23762.7 -140.748 7881.6 -3156.38 417.979

> 6 127187 -105842 51525.2 -162.228 8307.4 -2913.08 -342.13

> 7 146853 -145834 79146.5 185.192 8718.74 -2529.57 484.885

> 8 162013 -178244 103205 '-197.825 8896.39 -1921.58 -584.013

>9 176764 -212856 131577 -215.41 9328.18 -1737.12 -1041.11

> 10 186900 -235819 151238 -218.98 9388.08 -1179.87 -1202.83

11 196178 -257688 171031 -220.323 9408.47 -638.53 -1385.16

>' 12 205366 -280266 192775 -223.715 9592.12 -472.261 -1661.6

> 13 215012 -306103 218866 -231.821 9853.37 -361.449 -1985.56

> 14 222368 -324558' 238655 -228.062 9834.57 3.47358 '-2178.84

>15 226705 -332738 247316 -224.659 9696.59 632.172 -2090.75

> 16 233846 -349835 265676 -221.533 9649.93 913.747 -2243.34

> 17 243979 -379622 300077 -222.351 9792.17 1011.04 -2753.36

> 18 247774 -386203 308873 -220.306 9791.37 1164.58 -2612.25

> 19 254041 -401906 327901 -213.96 9645.47 1664.94 -2786.2

> 20 256003 -402034 330566 -215.242 9850.42 1359.46 -2550.06
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BWR Fuel Assembly Cooling Time-Dependent Coefficients
(ZR-Clad Fuel)

Cooling Array/Class 9x9C/D
Time

(years) A B C D E F G

> 3 30051.6 29548.7 -18614.2 -148.276 6148.44 -1810.34 1006 l

> 4 70472.7 -14696.6 -233.567 -127.728 7008.69 -2634.22 -444.373 l

> 5 101298 -59638.9 23065.2 -138.523 7627.57 -2958.03 -377.965

> 6 125546 -102740 49217.4 -160.811 8096.34 -2798.88 -259.767 l

> 7 143887 -139261 74100.4 -184.302 8550.86 -2517.19 -275.151

> 8 159633 -172741 98641.4 -194.351 8636.89 -1838.81 486.731 l

> 9 173517 -204709 124803 -212.604 9151.98 -1853.27 -887.137 l

> 10 182895 -225481 142362 -218.251 9262.59 -1408.25 -978.356 l

> 11 192530 -247839 162173 -217.381 9213.58 -818.676 -1222.12

> 12 201127 -268201 181030 -215.552 9147.44 -232.221 -1481.55 l

> 13 209538 -289761 203291 -225.092 9588.12 -574.227 -1749.35 l

> 14 216798 -306958 220468 -222.578 9518.22 -69.9307 -1919.71 l

> 15 223515 -323254 237933 -217.398 9366.52 475.506 -2012.93

> 16 228796 -334529 250541 -215.004 9369.33 662.325 -2122.75 l

> 17 237256 -356311 273419 -206.483 9029.55 1551.3 -2367.96 l

> 18 242778 -369493 290354 -215.557 9600.71 659.297 -2589.32

> 19 246704 -377971 302630 -210.768 9509.41 1025.34 -2476.06 l

> 20 249944 -382059 308281 -205.495 9362.63 1389.71 -2350.49 l
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BWR Fuel Assembly Cooling Time-Dependent Coefficients
(ZR-Clad Fuel)

Cooling Array/Class 9x9E/F
Time

(years) A B C D E F G

> 3 30284.3 26949.5 -16926.4 -147.914 6017.02 -1854.81 1026.15

> 4 69727.4 -17117.2 1982.33 --127.983 6874.68 -2673.01 -359.962

6 98438.9 -58492 23382.2 -138.712 -7513.55 - -3038.23 -112.641

> 6 119765 -95024.1 45261 159.669 8074.25 -3129.49 221.182

> 7 136740 -128219 67940.1 -182.439 8595.68 -3098.17 315.54

> 8 150745 -156607 - 88691.5 -193.941 8908.73 -2947.64 142.072

>9 162915 -182667 109134 -198.37 8999.11 e-2531 -93.4908

>10 174000 -208668 131543 -210.777 9365.52 -2511.74 -445.876

> 11 181524 -224252 145280 -212.407 9489.67 -2387.49 -544.123

> 12. 188946 -240952 160787 -210.65 -9478.1 -2029.94 -652.339

> 13 193762 --250900 171363 -215.798 9742.31 -2179.24 -608.636

> 14 203288 -275191 196115 -218.113 9992.5 -2437.71 -1065.92

> 15 208108 -284395 205221 - -213.956. 9857.25 -1970.65 -1082.94

> 16 215093 -301828 224757 -209.736 9789.58 -1718.37 -1303.35

> 17 220056 -310906 234180 -201.494 9541.73 -1230.42 -1284.15

> 18 224545 -320969 247724 -206.807 9892.97 -1790.61 -1381.9

> 19 226901 -322168 250395 -204.073 9902.14 -1748.78 -1253.22

> 20 235561 -345414 276856 -198.306 ` 9720.78 -1284.14 -1569.18
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BWR Fuel Assembly Cooling Time-Dependent Coefficients
(ZR-Clad Fuel)

Approved Contents
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Cooling Array/Class 9x9G
Time

(years) A B C D E F G

> 3 35158.5 26918.5 -17976.7 -149.915 6787.19 -2154.29 836.894

> 4 77137.2 -19760.1 2371.28 -130.934 8015.43 -3512.38 -455.424

> 5 113405 -77931.2 35511.2 -150.637 8932.55 -4099.48 -629.806

> 6 139938 -128700 68698.3 -173.799 9451.22 -3847.83 -455.905

> 7 164267 -183309 109526 -193.952 9737.91 -3046.84 -737.992

> 8 182646 -227630 146275 -210.936 10092.3 -2489.3 -1066.96

> 9 199309 -270496 184230 -218.617 10124.3 -1453.81 -1381.41

> 10 213186 -308612 221699 -235.828 10703.2 -1483.31 -1821.73

> 11 225587 -342892 256242 -236.112 10658.5 -612.076 -2134.65

> 12 235725 -370471 285195 -234.378 10604.9 118.591 -2417.89

> 13 247043 -404028 323049 -245.79 11158.2 -281.813 -2869.82

> 14 253649 -421134 342682 -243.142 11082.3 400.019 -2903.88

> 15 262750 -448593 376340 -245.435 11241.2 581.355 -3125.07

> 16 270816 -470846 402249 -236.294 10845.4 1791.46 -3293.07

> 17 279840 -500272 441964 -241.324 11222.6 1455.84 -3528.25

> 18 284533 -511287 458538 -240.905 11367.2 1459.68 -3520.94

> 19 295787 -545885 501824 -235.685 11188.2 2082.21 -3954.2

> 20 300209 -556936 519174 -229.539 10956 2942.09 -3872.87
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BWR Fuel Assembly Cooling Time-Dependent Coefficients
(ZR-Clad Fuel)

Cooling ARray/Class I10x10OAIB
lime

(years) A B C D E F G

> 3 29285.4 27562.2 -16985 - -148.415 5960.56 -1810.79 1001.45

>4 67844.9 -14383 395.619 -127.723 6754.56 -2547.96 -369.267

> 5 96660.5 -55383.8 21180A. -137.17 7296.6 -2793.58 -192.85

> 6 118098 -91995 42958 -162.985 7931.44 -2940.84 60.9197

> 7 135115 -123721 63588.9 -171.747 8060.23 -2485.59 73.6219

> 8 148721 -151690 84143.9 -190.26 8515.81 -2444.25 -63.4649

> 9 160770 -177397 104069 -197.534 8673.6 -2101.25 -331.046

>10 170331 -198419 121817 -213.692 9178.33 -2351.54 -472.844

> 11 179130 -217799 138652 -209.75 9095.43 -1842.88 -705.254

> 12 186070 -232389 151792 -208.946 9104.52 -1565.11 -822.73

> 13 192407 -246005 164928 -209.696 9234.7 -1541.54 -979.245

> 14 200493 -265596 183851 -207.639 9159.83 =1095.72 -1240.61

> 15 205594 -276161 195760 -213.491 9564.23 -1672.22 -1333.64

> 16 209386 -282942 204110 -209.322 9515.83 -1506.86 -1286.82

> 17 214972 -295149 217095 --202.445 -9292.34 -893.6 -1364.97

> 18 219312 -302748 225826 -198.667 9272.27 -878.536 -1379.58

> 19 223481 -310663 235908 -194.825 9252.9 -785.066 -1379.62

>20 227628 -319115 247597 -199.194 9509.02 -1135.23 -1386.19
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BWR Fuel Assembly Cooling Time-Dependent Coefficients
(ZR-Clad Fuel)

Cooling Array/Class I Ox1 OC
Time

(years) A B C D E F G

> 3 31425.3 27358.9 -17413.3 -152.096 6367.53 -1967.91 925.763

> 4 71804 -16964.1 1000.4 -129.299 7227.18 -2806.44 -416.92

>5 102685 -62383.3 24971.2 -142.316 7961 -3290.98 -354.784

> 6 126962 -105802 51444.6 -164.283 8421.44 -3104.21 -186.615

> 7 146284 -145608 79275.5 -188.967 8927.23 -2859.08 -251.163

> 8 162748 -181259 105859 -199.122 9052.91 -2206.31 -554.124

> 9 176612 -214183 133261 -217.56 9492.17 -1999.28 -860.669

>10 187756 -239944 155315 -219.56 9532.45 -1470.9 -1113.42

> 11 196580 -260941 174536 -222.457 9591.64 -944.473 -1225.79

> 12 208017 -291492 204805 -233.488 10058.3 -1217.01 -1749.84

> 13 214920 -30n772 221158 -234.747 10137.1 -897.23 -1868.04

> 14 222562 -326471 240234 -228.569 9929.34 -183.47 -2016.12

> 15 228844 -342382 258347 -226.944 9936.76 117.061 -2106.05

> 16 233907 -353008 270390 -223.179 9910.72 360.39 -2105.23

> 17 244153 -383017 304819 -227.266 10103.2 380.393 -2633.23

> 18 249240 -395456 321452 -226.989 10284.1 169.947 -2623.67

> 19 254343 -406555 335240 -220.569 10070.5 764.689 -2640.2

> 20 260202 -421069 354249 -216.255 10069.9 854.497 -2732.77
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DESIGN FEATURES

Site

3.1.1 Site Location

The HI-STORM 100 Cask System Is authorized for general use by 10 CFR
Part 50 license holders at various site locations under the provisions of 10
CFR 72, Subpart K.

3.2 Design Features Important for Criticality Control

3.2.1 MPC-24

1. Flux trap size: > 1.09 in.

2. 11B loading in the neutron absorbers: > 0.0267 glcm2 (Boral) and > 0.0223 |
g/cem (METAMIC) l

3.2.2 MPC-68 and MPC-68FF

1. Fuel cell pitch: > 6.43 In.

2. '1B loading in the neutron absorbers: > 0.0372 g/cm2 (Boral) and > 0.0310 |
g/Cm2 (METAMIC)

3.2.3 MPC-68F

1. Fuel cell pitch: > 6.43 in.

2. loB loading in the Boral neutron absorbers: > 0.01 g/cm2

3.2.4 MPC-24E and MPC-24EF

1. Flux trap size:

i. Cells 3, 6, 19, and 22: > 0.776 inch

ii. All Other Cells: > 1.076 inches

2. 10B loading in the neutron absorbers: > 0.0372 glCM2 (Boral) and > 0.0310 |
g/cm2 (METAMIC)

3.2.5 MPC-32 and MPC-32F -

1. Fuel cell pitch: > 9.158 inches

2. 10B loading in the neutron-absorbers: > 0.0372 g/cm2 (Boral) and > 0.0310 |
g/cm2 (METAMIC) l

Certificate of Compliance No. 1014
Appendix B

3-1



Design Features
3.0

DESIGN FEATURES

3.2 Design features Important for Criticality Control (cont'd)

3.2.6 The fuel assemblies shall be positioned in the MPC to ensure that the active fuel
region of intact fuel assemblies remains within the neutron poison region of the
MPC basket with water in the MPC.

3.2.7 The B4C content in METAMIC shall be < 32.5 wL%.

3.3 Codes and Standards

The American Society of Mechanical Engineers Boiler and Pressure Vessel Code (ASME Code),
1995 Edition with Addenda through 1997, is the governing Code for the HI-STORM 100 System,
as clarified in Specification 3.3.1 below, except for Code Sections V and IX. The latest effective
editions of ASME Code Sections V and IX, including addenda, may be used for activities governed
by those sections, provided a written reconciliation of the later edition against the 1995 Edition,
including addenda, is performed by the certificate holder. American Concrete Institute (ACI) 349-
85 is the governing Code for plain concrete as clarified in Appendix I .D of the Final Safety Analysis
Report for the HI-STORM 100 Cask System.

3.3.1 Alternatives to Codes, Standards, and Criteria

Table 3-1 lists approved alternatives to the ASME Code for the design of the HI-
STORM 100 Cask System.

3.3.2 Construction/Fabrication Alternatives to Codes. Standards, and Criteria

Proposed alternatives to the ASME Code, Section III, 1995 Edition with Addenda
through 1997 including exceptions allowed by Specification 3.3.1 may be used on
a case-specific basis when authorized by the Director of the Office of Nuclear
Material Safety and Safeguards or designee. The request for such alternative
should demonstrate that:

1. The proposed alternatives would provide an acceptable level of quality and
safety, or

2. Compliance with the specified requirements of the ASME Code, Section 1II,
1995 Edition with Addenda through 1997, would result in hardship or unusual
difficulty without a compensating increase in the level of quality and safety.

Requests for alternatives shall be submitted in accordance with 10 CFR 72.4

(continued)
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DESIGN FEATURES

Table 3-1 (page 1 of 9)
LIST OF ASME CODE ALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement Alternative, Justification & Compensatory Measures
ASME Code

Section/Article

MPC, MPC Subsection NCA General Because the MPC, OVERPACK, and TRANSFER CASK
basket Requirements. are not ASME Code stamped vessels, none of the
assembly, HI- Requires preparation specifications, reports, certificates, or other general
STORM of a Design requirements specified by NCA are required. In lieu of a
OVERPACK Specification, Design Design Specification and Design Report, the HI-STORM
steel Report, Overpressure FSAR Includes the design criteria, service conditions, and
structure, and Protection Report, load combinations for the design and operation of the HI-
HI-TRAC Certification of STORM 100 System as well as the results of the stress
TRANSFER Construction Report, analyses to demonstrate that applicable Code stress limits
CASK steel Data Report, and are met Additionally, the fabricator is not required to have
structure other administrative an ASME-cerlified QA program. All important-tosafety

controls for an ASME activities are governed by the NRC-approved Holtec OA
Code stamped program.
vessel.

Because the cask components are not certified to the
Code, the terms 'Certificate Holder" and Inspector' are
not germane to the manufacturing of NRC-certified cask
components. To eliminate ambiguity, the responsibilities
assigned to the Certificate Holder in the various articles
of Subsections NB, NG, and NF of the Code, as
applicable, shall be interpreted to apply to the NRC
Certificate of Compliance (CoC) holder (and by
extension, to the component fabricator) if the requirement
must be fulfilled. The Code term 'Inspector' means the
QNUQC personnel of the CoC holder and Its vendors
assigned to oversee and inspect the manufacturing
process.

MPC NB-1100 Statement of MPC enclosure vessel is designed and will be fabricated
requirements for in accordance with ASME Code, Section III, Subsection
Code stamping of NB to the maximum practical extent, but Code stamping
components. Is not required.

I
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Table 3-1 (page 2 of 9)
LIST OF ASME CODE ALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement Alternative, Justification & Compensatory Measures
ASME Code

SectionlArticle

MPC basket NB-1 130 NB-1 132.2(d) The MPC basket supports (nonpressure-retaining
supports and requires that the first structural attachments)and lift lugs (nonstructural
lift lugs connecting weld of a attachments (relative to the function of lifting a loaded

nonpressure- MPC) that are used exclusively for lifting an empty MPC)
retaining structural are welded to the inside of the pressure-retaining MPC
attachment to a shell, but are not designed in accordance with
component shall be Subsection NB. The basket supports and associated
considered part of attachment welds are designed to satisfy the stress limits
the component of Subsection NG and the lift lugs and associated
unless the weld is attachment welds are designed to satisfy the stress limits
more than 2t from the of Subsection NF, as a minimum. These attachments
pressure-retaining and their welds are shown by analysis to meet the
portion of the respective stress limits for their service conditions.
component, where t Likewise, non-structural items, such as shield plugs,
is the nominal spacers, etc. if used, can be attached to pressure-
thickness of the retaining parts in the same manner.
pressure-retaining
material.

NB-1 132.2(e)
requires that the first
connecting weld of a
welded nonstructural
attachment to a
component shall
conform to NB-4430
if the connecting weld
Is within 2t from the
pressure-retaining
portion of the
component

MPC NB-2000 Requires materials to Materials will be supplied by Holtec-approved suppliers
be supplied by with Certified Material Test Reports (CMTRs) in
ASME-approved accordance with NB-2000 requirements.
material supplier.

I
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Table 3-1 (page 3 of 9)
UST OF ASME CODE ALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement ;Alternative, Justification & Compensatory Measures
ASME Code

Section/Article

MPC, MPC NB-3100 Provides These requirements are not applicable. The HI-STORM
basket NG-3100 - requirements for FSAR, serving as the Design Specification, establishes
assembly, HI- NF-3100 determining design the service conditions and load combinations for the
STORM loading conditions, storage system.
OVERPACK such as pressure,
and HIl-TRAC temperature, and
TRANSFER mechanical loads.,
CASK

MPC NB-3350 NB-3352.3 requires, Due to MPC basket-to-shell interface requirements, the
for Category C joints, MPC shell-to-baseplate weld joint design (designated
that the minimum Category C) does not include a reinforcing fillet weld or a
dimensions of the bevel in the MPC baseplate, which makes it different than
welds and throat any of the representative configurations depicted in Figure
thickness shall be as NB-4243-1. The transverse thickness of this weld Is equal
shown In Figure NB-. to the thickness of the adjoining shell (1/2 inch). The weld
4243-1. is designed as a full penetration weld that receives VT and

RT or UT, as well as final surface PT examinations.
Because the MPC shell design thickness is considerably
larger than the minimum thickness required by the Code, a
reinforcing fillet weld that would Intrude Into the MPC cavity
space Is not Included. Not including this fillet weld provides
for a higher quality radiographic examination of the full
penetration weld.

From the standpoint of stress analysis, the fillet weld
serves to reduce the local bending stress (secondary
stress) produced by the gross structural discontinuity
defined by the flat platelshell junction. In the MPC design,
the shell and baseplate thicknesses are well beyond that
required to meet their respective membrane stress
intensity limits.

I
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Table 341 (page 4 of 9)
UST OF ASME CODE ALTERNATIVES FOR HI-STORM 100 CASK SYSTEM J_'�J

Component Reference Code Requirement Alternative, Justification & Compensatory Measures
ASME Code

Sectlon/Article

MPC, MPC NB-4120 NB-4121.2, NG- In-shop operations of short duration that apply heat to a
Basket NG-4120 4121.2, and NF- component, such as plasma cutting of plate stock, welding,
Assembly, HI- NF-4120 4121.2 provide machining, coating, and pouring of lead are not, unless
STORM requirements for explicitly stated by the Code, defined as heat treatment
OVERPACK repetition of tensile or operations.
steel impact tests for
structure, and material subjected to For the steel parts in the HI-STORM 100 System
HI-TRAC heat treatment during components, the duration for which a part exceeds the
TRANSFER fabrication or off-normal temperature limit defined in Chapter 2 of the
CASK steel installation. FSAR shall be limited to 24 hours in a particular
structure manufacturing process (such as the HI-TRAC lead

pouring process).

MPC, MPC NB-4220 Requires certain The cylindricity measurements on the rolled shells are
basket NF-4220 forming tolerances to not specifically recorded in the shop travelers, as would
assembly, HI- be met for cylindrical, be the case for a Code-stamped pressure vessel.
STORM conical, or spherical Rather, the requirements on inter-component clearances
OVERPACK shells of a vessel. (such as the MPC-to-TRANSFER CASK) are guaranteed
steel through fixture-controlled manufacturing. The fabrication
stnrcture, and specification and shop procedures ensure that all
HI-TRAC dimensional design objectives, including inter-component
TRANSFER annular clearances are satisfied. The dimensions
CASK steel required to be met in fabrication are chosen to meet the
structure functional requirements of the dry storage components.

Thus, although the post-forming Code cylindricity
requirements are not evaluated for compliance directly,
they are indirectly satisfied (actually exceeded) in the final
manufactured components.

MPC Lid and NB-4243 Full penetration MPC lid and closure ring are not full penetration welds.
Closure Ring welds required for They are welded independently to provide a redundant
Welds Category C Joints seal. Additionally, a weld efficiency factor of 0.45 has

(flat head to main been applied to the analyses of these welds.
shell per NB-3352.3).

I
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--Table 3-1 (page 5 of 9)
UST OF ASME CODE ALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement Alterative, Justification & Compensatory Measures
ASME Code

SecttionlArticle

MPC Lid to NB-5230 Radiographic (RT) or Only UT or multi-layer liquid penetrant (PT) examination
Shell Weld ultrasonic (UT) is permitted. If PT alone is used, at a minimum, it will

examination required include the root and final weld layers and each
,_________ ____________approximately 318 Inch of weld depth.

MPC Closure NB-5230 Radiographic (RT) or Root (if more than one weld pass is required) and final
Ring, Vent ultrasonic (UT) liquid penetrant examination to be performed in
and Drain examination required accordance with NB-5245. The closure ring provides
Cover Plate -independent redundant closure for vent and drain cover
Welds - : plates.

MPC NB-61 11 All completed The MPC enclosure vessel is seal welded In the field following
Enclosure -pressure retaining fuel assembly loading. The MPC enclosure vessel shall then
Vessel and systems shall be be pressure tested as defined in Chapter 9. Accessibility for
Lid pressure tested. leakage Inspections preclude a Code compliant pressure test.All MPC enclosure vessel welds (except closure ring and

ventfdrain cover plate) are Inspected by volumetric
examination, except the MPC lid-to-shell weld shall be verified
by volumetric or multi-layer PT examination. 1f PT alone is
used, at a minimum, It must Include the root and final layers
and each approximately 318 Inch of weld depth. For either UT
or PT, the maximum undetectable flaw size must be
demonstrated to be less than the critical flaw size. The critical
flaw size must be determined in accordance with ASME
Section Xi methods. The critical flaw size shall not cause the
primary stress limits of NB-3000 to be exceeded.

The Inspection results, including relevant findings (indications),
shall be made a permanent part of the users records by video,
photographic, or other means which provide an equivalent
retrievable record of weld Integrity. The video or photographic
records should be taken during the final interpretation period
described in ASME Section V, Article 6, T-676. The
vent/drain cover plate and the closure ring welds are confirmed
by liquid penetrant examination. The inspection of the weld
must be performed by qualified personnel and shall meet the
acceptance requirements of ASME Code Section lil. NB-5350
for PT or NB-5332 for UT.

I

I

I

I

Certificate of Compliance No. 1014
Appendix B

3-7



Design Features
3.0

Table 3-1 (page 8 of 9)
UST OF ASME CODE ALTERNATIVES FOR HI-STORM 100 CASK SYSTEM I I

Component Reference Code Requirement Alternative, Justification & Compensatory Measures
ASME Code

Section/Article

MPC NB-7000 Vessels are required No overpressure protection is provided. The function of
Enclosure to have overpressure the MPC enclosure vessel is to contain the radioactive
Vessel protection contents under normal, off-normal, and accident

conditions. The MPC vessel is designed to withstand
maximum internal pressure considering 100% fuel rod
failure and maximum accident temperatures.

MPC NB-8000 States requirements The HI-STORM100 System is to be marked and
Enclosure for nameplates, identified in accordance with 10CFR7I and IOCFR72
Vessel stamping and reports requirements. Code stamping is not required. QA data

per NCA-8000. package to be in accordance with Holtec approved QA
program.

MPC Basket NG-2000 Requires materials to Materials will be supplied by Holtec-approved supplier
Assembly be supplied by with CMTRs in accordance with NG-2000 requirements.

ASME-approved
material supplier.
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Table 3-1 (page 7 of 9)
LIST OF ASME CODE ALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component :Reference Code Requirement Altemative, Justification & Compensatory Measures
ASME Code

Section/Article

MPC basket NG-4420 NG-4427(a) allows a Modify the Code requirement (intended for core support
assembly fillet weld In any structures) with the following text prepared to accord with the

single continuous geometry and stress analysis Imperatives for the fuel basket For
weld to be less than the longitudinal MPC basket fillet welds, the following criteria
the specified fillet :8apply: 1) The specified fillet weld throat dimension must be

the specified fillet maintained over at least 92 percent of the total weld length. All
weld dimension by regions of undersized weld must be less than 3 Inches long and
not more than 1/16 Iseparated from each other by at least 9 Inches. 2) Areas of
Inch, provided that undercuts and porosity beyond that allowed by the applicable
the total undersize ASME Code shaft not exceed 1/2 Inch In weld length. The total
portion of the weld length of undercut and porosity over any 1-foot length shall not
does not exceed 10 exceed 2 Iches. 3) The total weld length In which Items (1) and
percent of the length (2) apply shall not exceed a total of 10 percent of the overall weld
of the weld. Individual length. The limited access of the MPC basket panel longitudinal

the weldn fillet welds makes It difficult to perform effective repairs of these
undersize weld welds and creates the potential for causing additional damage to
portions shall not the basket assembly (e.g., to the neutron absorber and its
exceed 2 Inches in sheathing) If repairs are attempted. The acceptance criteria
length. provided In the foregoing have been established to comport with

the objectives of the basket design and preserve the margins
demonstrated In the supporting stress analysis.
From the structural standpoint, the weld acceptance criteria are
established to ensure that any departure from the Ideal,
continuous fillet weld seam would not alter the primary bending
stresses on which the design of the fuel baskets Is predicated.
Stated differently, the permitted weld discontinulties are limited
In size to ensure that they remain classifiable as local stress
elevators (peak stress', F. In the ASME Code for which
specific stress Intensity limits do not apply).

MPC Basket NG-8000 States requirements The HI-STORM100 System is to be marked and
Assembly for nameplates, identified In accordance with IOCFR71 and IOCFR72

stamping and reports requirements. .Code stamping is not required. The MPC
per NCA-8000. basket data package to be In accordance with Holtec

approved QA program.

OVERPACK NF-2000 Requires materials to Materials will be supplied by Holtec-approved supplier
Steel be supplied by with CMTRs in accordance with NF-2000 requirements.
Structure ASME-approved

material supplier.

I
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Table 3-1 (page 8 of 9)
LIST OF ASME CODE ALTERNATIVES FOR HI-STORM 100 CASK SYSTEM I

Component Reference Code Requirement Alternative, Justification & Compensatory Measures
ASME Code

Sectlon/Article

TRANSFER NF-2000 Requires materials to Materials will be supplied by Holtec-approved supplier
CASK Steel be supplied by with CMTRs in accordance with NF-2000 requirements.
Structure ASME-approved

material supplier.

OVERPACK NF-4441 Requires special The margins of safety in these welds under loads
Baseplate and examinations or experienced during lifting operations or accident
Lid Top Plate requirements for conditions are quite large. The OVERPACK baseplate

welds where a welds to the Inner shell, pedestal shell, and radial plates
primary member of are only loaded during lifting conditions and have large
thickness 1 inch or safety factors during lifting. Ukewise, the top lid plate to
greater is loaded to lid shell weld has a large structural margin under the
transmit loads in the inertia loads Imposed during a non-mechanistic tipover
through thickness event
direction.

OVERPACK NF-3256 Provides Welds for which no structural credit is taken are identified
Steel NF-3266 requirements for as 'Non-NF" welds in the design drawings. These non-
Structure welded joints. structural welds are specified in accordance with the pre-

qualified welds of AWS D1.1. These welds shall be
made by welders and weld procedures qualified in
accordance with AWS D1.1 or ASME Section IX.

Welds for which structural credit is taken in the safety
analyses shall meet the stress limits for NF-3256.2, but
are not required to meet the Joint configuration
requirements specified in these Code articles. The
geometry of the joint designs in the cask structures are
based on the fabricability and accessibility of the joint, not
generally contemplated by this Code section governing
supports.

-�j
� I

I

I
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Table 3-1 (page 9 of 9)
UST OF ASME CODE ALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement Alternative, Justification & Compensatory Measures
ASME Code

Section/Article

HI-STORM NF-3320 NF-3324.6 and NF- These Code requirements are applicable to linear
OVERPACK NF-4720 4720 provide structures wherein bolted Joints carry axial, shear, as well
and HI-TRAC requirementsfor as rotational (torsional) loads. The OVERPACK and
TRANSFER bolting TRANSFER CASK bolted connections in the structural load
CASK path are qualified by design based on the design loadings

defined in the FSAR. Bolted joints in these components
see no shear or torsional loads under normal storage
conditions. Largerclearances between bolts and holes may
be necessary to ensure shear Interfaces located elsewhere
In the structure engage priortothe bolts experiencing shear
loadings (which occur only during side impact scenarios).

Bolted joints that are subject to shear loads In accident
conditions are qualified by appropriate stress analysis.
Larger bolt-to-hole clearances help ensure more efficient
operations in making these bolted connections, thereby
minimizing time spent by operations personnel in a
radiation area. -Additionally, larger bolt-to-hole
clearances allow interchangeability of the lids from one
particular fabricated cask to another.

I
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DESIGN FEATURES (continued)

3.4 Site-Specific Parameters and Analyses

Site-specific parameters and analyses that will require verification by the system user are, as
a minimum, as follows:

1. The temperature of 800 F is the maximum average yearly temperature.

2. The allowed temperature extremes, averaged over a 3-day period, shall be greater
than -40° F and less than 125° F.

3. a. For free-standing casks, the resultant horizontal acceleration (vectorial sum of
two horizontal Zero Period Accelerations (ZPAs) at a three-dimensional seismic
site), GH. and vertical ZPA, Gv, expressed as fractions of 'g', shall satisfy the
following inequality:

GH + p Gv < p

where p is either the Coulomb friction coefficient for the HI-STORM 100/ISFSI
pad interface or the ration rnh, where 'r' is the radius of the cask and 'h' is the
height of the cask center-of-gravity above the ISFSI pad surface. The above
inequality must be met for both definitions of p. Unless demonstrated by
appropriate testing that a higher coefficient of friction value is appropriate for a
specific ISFSI, the value used shall be 0.53. Representative values of GH and
Gv combinations for a coefficient of friction = 0.53 to prevent sliding are provided
in Table 3-2. If acceleration time-histories on the ISFSI pad surface are available,
GH and Gv may be the coincident values of the instantaneous net horizontal and
vertical accelerations. If instantaneous accelerations are used, the inequality
shall be evaluated at each time step in the acceleration time history over the total
duration of the seismic event.

Table 3-2

Representative DBE Acceleration Values to Prevent HI-STORM 100 Sliding (u = 0.53)

Equivalent Vectorial Sum of Two Corresponding Vertical ZPA (G., In g's)
Horizontal ZPA's (GH In g's)

0.445 0.160

0.424 0.200

0.397 0.250

(continued)
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3.4 Site-Specific Parameters and Analyses (continued)

b. For those ISFSI sites with design basis seismic acceleration values higher than
those allowed for free-standing casks, the HI-STORM 100 System shall be
anchored to the ISFSI pad. The site seismic characteristics and the anchorage
system shall meet the following requirements:

- -i. 0The site acceleration response spectra at the top of the ISFSI pad
shall have ZPAs that meet the following inequalities:

GH <2.12

AND

Gv <1.5

Where:

GH is the vectorial sum of the two horizontal ZPAs at a three-dimensional
seismic site (or the horizontal ZPA at a two-dimensional site) and G. is the
vertical ZPA.

ii. Each HI-STORM 100 dry storage cask shall be anchored with twenty-eight
(28). 2-Inch diameterstuds and compatible nuts of material suitable forthe
expected ISFSI environment. The studs shall meet the following
requirements:

Yield Strength at Ambient Temperature: > 80 ksi

Ultimate Strength at Ambient Temperature: > 125 ksi

Initial Tensile Pre-Stress: > 55 ksi AND < 65 ksi

NOTE: The above anchorage specifications are required for the seismic
spectra defined in item 3.4.3.b.i. Users may use fewer studs or
those of different diameter to account for site-specific seismic
spectra less severe than those specified above. The embedment
design shall comply with Appendix B of ACI-349-97. A later edition
of this Code may be used, provided a written reconciliation Is
performed.

iii. Embedment Concrete Compressive Strength: > 4,000 psi at 28 days

(continued)
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3.4 Site-Specific Parameters and Analyses (continued)

4. The analyzed flood condition of 15 fps water velocity and a height of 125 feet of water
(full submergence of the loaded cask) are not exceeded.

5. The potential for fire and explosion shall be addressed, based on site-specific
considerations. This includes the condition that the on-site transporter fuel tank will
contain no more than 50 gallons of diesel fuel while handling a loaded OVERPACK
or TRANSFER CASK.

6. a. For free-standing casks, the ISFSI pad shall be verified by analysis to limit cask
deceleration during design basis drop and non-mechanistic tip-over events to
< 45 g's at the top of the MPC fuel basket Analyses shall be performed using
methodologies consistent with those described in the HI-STORM 100 FSAR.
A lift height above the ISFSI pad is not required to be established if the cask is
lifted with a device designed in accordance with ANSI N14.6 and having
redundant drop protection features.

b. For anchored casks, the ISFSI pad shall be designed to meet the embedment
requirements of the anchorage design. A cask tip-over event for an anchored
cask is not credible. The ISFSI pad shall be verified by analysis to limit cask
deceleration during a design basis drop event to < 45 g's at the top of the MPC
fuel basket, except as provided for in this paragraph below. Analyses shall be
performed using methodologies consistent with those described in the HI-
STORM 100 FSAR. A lift height above the ISFSI pad is not required to be
established if the cask is lifted with a device design in accordance with ANSI
N14.6 and having redundant drop protection features.

7. In cases where engineered features (i.e., berms and shield walls) are used to ensure
that the requirements of 1 OCFR72.1 04(a) are met, such features are to be considered
important to safety and must be evaluated to determine the applicable Quality
Assurance Category.

(continued)
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3.4 Site-Specific Parameters and Analyses (continued)

7 '. In cases where engineered features (i.e., berms and shield walls) are used to ensure
that the requirements of I OCFR72.104(a) are met, such features are to be considered
Important to safety and must be evaluated to determine the applicable Quality
Assurance Category.

8. LOADING OPERATIONS, TRANSPORT OPERATIONS, and UNLOADING
OPERATIONS shall only be conducted with working area ambient temperatures > 00
F.

9. For those users whose site-specific design basis includes an event or events (e.g.,
flood) that result in the blockage of any OVERPACK inlet or outlet air ducts for an
extended period of time (i.e, longerthan the total Completion rime of LCO 3.1.2), an
analysis or evaluation may be performed to demonstrate adequate heat removal is
available for the duration of the event. Adequate heat removal is defined as fuel
cladding temperatures remaining below the short term temperature limit, If the
analysis or evaluation is not performed, or if fuel cladding temperature limits are

- unable to be demonstrated by analysis or evaluation to remain below the short term
temperature limit for the duration of the event, provisions shall be established to
provide alternate means of cooling to accomplish this objective.

10. For on-site TRANSPORT OPERATIONS with a loaded TRANSFER CASK, the
requirements in Table 3-2a apply.

(continued)
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Table 3-2a
TRANSFER CASK Operating Limits (Notes I and 2)

TRANSFER CASK MPC Heat Load Annulus Cooling Required?
Orientation (kW)

Vertical < 23 No

Vertical > 23 Yes

Horizontal <19 No

Horizontal > 19 Yes

Notes:

1. See FSAR Section 4.5 for examples of annulus cooling.

2. For short duration (E 6 hours) changes in orientation (e.g., vertical to horizontal to facilitate
traversing a doorway), it is not necessary to change cooling requirements.

(continued)
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3.5 Cask Transfer Facility (CTF)

3.5.1 TRANSFER CASK and MPC Lifters

Lifting of a loaded TRANSFER CASK and MPC using devices that are not integral to
structures governed by 10 CFR Part 50 shall be performed with a CTF that Is
designed, operated, fabricated, tested, inspected, and maintained in accordance with
the guidelines of NUREG-0612, "Control of Heavy Loads at Nuclear Power Plantso
and the below clarifications. The CTF Structure requirements below do not apply to
heavy loads bounded by the regulations of 10 CFR Part 50.

3.5.2 CTF Structure Requirements

3.5.2.1 Cask Transfer Station and Stationary Lifting Devices

1. The metal weldment structure of the CTF structure shall be
designed to comply with the stress limits of ASME Section 1I1,
Subsection NF, Class 3 for linear structures. The applicable loads,
load combinations, and associated service condition definitions are
provided in Table 3-3. All compression loaded members shall
satisfy the buckling criteria of ASME Section III, Subsection NF.

2. If a portion of the CTF structure is constructed of reinforced
concrete, then the factored load combinations set forth in ACI-31 8
(89) for the loads defined in Table 3-3 shall apply.

3. The TRANSFER CASK and MPC lifting device used with the CTF
shall be designed, fabricated, operated, tested, inspected and
maintained in accordance with NUREG-0612, Section 5.1.

4. The CTF shall be designed, constructed, and evaluated to ensure
that if the MPC is dropped during inter-cask transfer operations, its
confinement boundary would not be breached. This requirements
applies to CTFs with either stationary or mobile lifting devices.

(continued)
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3.5.2.2 Mobile Lift Devices

If a mobile lifting device is used as the lifting device, in lieu of a stationary
lifting device, is shall meet the guidelines of NUREG- 0612, Section 5.1.
with the following clarifications:

1. Mobile lifting devices shall have a minimum safety factor of two over
the allowable load table for the lifting device in accordance with the
guidance of NUREG-0612. Section 5.1 .6(1)(a) and shall be capable
of stopping and holding the load during a Design Basis Earthquake
(DBE) event.

2. Mobile lifting devices shall conform to meet the requirements of
ANSI B30.5, 'Mobile and Locomotive Cranes, in lieu of the
requirements of ANSI B30.2, 'Overhead and Gantry Cranes.'

3. Mobile cranes are not required to meetthe requirements of NUREG-
0612, Section 5.1.6(2) for new cranes.

4. Horizontal movements of the TRANSFER CASK and MPC using a
mobile crane are prohibited.

(continued)
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Table 3-3

Load Combinations and Service Condition Definitions for the CTF Structure (Note 1)

Load Combination ASME IlIl Service Condition Comment
for Definition of Allowable

Stress

D*- c 7 T All primary load bearing
Level A members must satisfy Level

D+S A stress limits

D + M + W' Factor of safety against
(Note 2) overturning shall be > 1.1

D+F Level D

D+E

D + Y_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D = Dead load
D* = Apparent dead load
S = Snow and ice load for the CTF site
M = Tomado missile load for the CTF site
W' = Tornado wind load for the CTF site
F = Flood load for the CTF site
E = Seismic load for the CTF site
Y = Tsunami load for the CTF site

Notes: 1. The reinforced concrete portion of the CTF structure shall also meet the factored
combinations of loads set forth in ACI-318(89).

2. Tomado missile load maybe reduced or eliminated based on a PRAfor the CTF site.
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3.6 Forced Helium Dehydration System

3.6.1 System Description

Use of the Forced Helium Dehydration (FHD) system, (a closed-loop system) is an
alternative to vacuum drying the MPC for moderate bumup fuel (5 45,000 MWDIMTU)
and mandatory for drying MPCs containing one or more high bumup fuel assemblies.
The FHD system shall be designed for normal operation (i.e., excluding startup and
shutdown ramps) in accordance with the criteria in Section 3.6.2.

3.6.2 Design Criteria

3.6.2.1 The temperature of the helium gas in the MPC shall be at least 150F higher
than the saturation temperature at coincident pressure;

3.6.2.2 The pressure in the MPC cavity space shall be < 60.3 psig (75 psia).

3.6.2.3 The hourly recirculation rate of helium shall be > 10 times the nominal
helium mass backfilled into the MPC for fuel storage operations.

3.6.2.4 The partial pressure of the water vapor in the MPC cavity will not exceed 3
torr. The limit will be met if the gas temperature at the demoisturizer outlet
is verified by measurement to remain < 21OF for a period of 30 minutes or
if the dew point of the gas exiting the MPC is verified by measurement to
remain < 22.90 F for > 30 minutes.

3.6.2.5 The condensing module shall be designed to de-vaporize the recirculating
helium gas to a dew point < 1200F.

3.6.2.6 The demoisturizing module shall be configured to be introduced into its
helium conditioning function afterthe condensing module has been operated
for the required length of time to assure that the bulk moisture vaporization
in the MPC (defined as Phase 1 in FSAR Appendix 2.B) has been
completed.

3.6.2.7 The helium circulator shall be sized to effect the minimum flow rate of
circulation required by these design criteria.

3.6.2.8 The pre-heater module shall be engineered to ensure that the temperature
of the helium gas in the MPC meets these design criteria.

(continued)
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3.6 Forced Helium Dehydration System (continued)

3.6.3 Fuel Cladding Temperature

A steady-state thermal analysis of the MPC under the forced helium flow scenario
shall be performed using the methodology described in HI-STORM 100 FSAR Section
4.4, with due recognition of the forced convection process during FHD system
operation. This analysis shall demonstrate that the peak temperature of the fuel
cladding under the most adverse condition of FHD system operation, is below the
peak cadding temperature limit for normal conditions of storage forthe applicable fuel
type (PWR or BWR) and cooling time at the start of dry storage.

I
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2.2-2 2B 2.2-53 2B
2.2-3 2B 2.2-54 2B
2.24 2B 2.2-55 28
2.2-5 2B 2.2-56 28
2.2-6 2B 2.2-57 2B
2.2-7 2B 2.3-1 28
2.24 2B 2.3-2 28
2.2-9 2B 2.3-3 28
2.2-10 2B 2.3-4 28
2.2-11 2B 2.3-5 2E
2.2-12 2B 2.3-6 26
2.2-13 2B 2.3-7 28
2.2-14 2B 2.3-8 28
2.2-15 2B 2.3-9 28
2.2-16 2B 2.3-10 '28
2.2-17 2B 2.3-11 28
2.2-18 2B 2.3-12 26
2.2-19 2B 2.3-13 28
2.2-20 2B 2.3-14 28
2?2-21 2B 2.3-15 26
2.2-22 2B 2.3-16 28
2.2-23 2B 2.3-17, 28
2.2-24 2B 2.3-18 28
2.2-25 2B 2.3-19 26
2.2-26 2B 2.3-20 26
2.2-27 2B 2.3-21 26
2.2-28 2B 2.3-22 26
2.2-29 2B 2.3-23 28
2.2-30 2B Fig. 2.3.1 0
22-31 2B _ _ Fig. 2.3.2 0
2.2-32 26B . Fig. 2.3.3 0
2.2-33 2B _ Fig. 2.3.4 0
2.2-34 2B
2.2-35 2B
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2.e4 Revisin = Pane_ Pe Revision
2.4-1 2A _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

2.4-2 2A
2.4-3 2A
2.5-1 0
2.6-1 2A
2.6-2 2A
2.6-3 2A
2A-1 I_ _ _ _ _ _ _

2A-2 1
2A-3 I__

2A-4 1
2A-5

2 4-52 =_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Flg. 2A 1 I __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

2.B-1 26
2.B-2 2B _ _ _ _ __ _

2.8-3 2B
2 .6-4 2B _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Fig. 2.B.1 I

AS
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PaQe Revision E_ Revision
3.0-1 2B 3.1-43 28
3.0-2 2B _ Fig. 3.1.1 1
3.0-3 2B Fig. 3.1.2 1
3.0-4 2B Fig. 3.1.3 1
3.0-5 2B 3.2-1 1
3.0-6 2B 3.2-2 1
3.0-7 2B 3.2-3 1
3.0g-8 2B 3.2-4 1
3.0-9 2B 3.2-5 1
3.0-10 2B 3.2-6 1
3.1-1 2B 3.2-7 1
3.1-2 2B 3.2-8 1
3.1-3 1B3.-
3.1-4 2B 312-10
3.1-5 2B 3.2-11
3.1-6 2B 3.-12 1
3.1-7 B 3.3- 1
3.1-8 2B 3.3-1
3.1-9 .3- 1
3.1-10 2B 3.3-1
3.1-11 2B _ 3.3-5 1
3.1-12 2B 3.3-6 1
3.1-13 2B 3.3-7 1
3.1-14 2B ___ 3.3-8 1
3.1-15 2B _ 3.3-91
3.1-16 2B 3.3-10 Deleted
3.1-17 2B 3.4-1 2B
3.1-18 2B 3.4-2 2B
3.1-19 2B 3.4-3 2B
3.1-20 2B 3.4-4 2B
3.1-21 2B 3.4-5 28
3.1-22 2B 3.4-6 28
3.1-23 2B 3.4-7 2B
3.1-24 2B 3.4-8 2B
3.1-25 2B 3.4-9 28
3.1-26 2B 3.4-10 2B
3.1-27 2B 3.4-11 28
3.1-28 2B 3.4-12 28
3.1-29 2B 3.4-13 2B
3.1-30 2B 3.4-14 28
3.1-31 2B 3.4-15 2B
3.1-32 2B 3.4-16 28
3.1434 2B 3.4-17 28
3.1-34 2 -2B 3.4-18 2B
3.1-35 2B 3.4-19 28
3.1-346 2B 3.4-20 28
3.1-37 2B 3.4-21 2B
3.1-38 2B 3.4-22 2B
3.1409 2B 3.4-23 28
3.1-40 2B 3.4-24 26
13.1-41 26 3.4-25 28
3.142 2B 3.4-26 2B8
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Paae0 Revision Page Revision
3.4-27 2B __ _ 3.4-79 2B
3.4-28 2B 3.4-80 2B
3.4-29 2B 3.4-81 2B
3.4-30 2B 3.482 2B
3.4-31 2B 3.4-83 2B
3_4_32 _2B 3.4-84 2B
3_4_33 2B 3.4-85 2B
3.4-34 2B 3.4-86 2B

3.4-35 2B 3.4-87 2B
3.436 2B 3.4-88 2B
3 4-37 2B 3.4-89 2B
3.4-38 2B 3.4-90 2B
3.4-39 2B 3.4-91 2B
3.4-40 2B 3.4-92 2B
3.4-41 2B 3.4-93 2B
3.442 2B 3.4-94 2B
3.443 2B 3.4-95 2B
3.4-44 2B 3.4-96 2B
3.445 2B 3.4-97 2B
3.-46 _2B 3.4-98 2B
3.4-47 2B 3.4-99 2B
3.4-48 2B 3.4-100 2B
3.4-49 2B 3.4-101 2B
3.4-50 2B 3.4-102 2B
3.4-51 2B 3.4-103 2B
3.4-52 2B 3.4-104 2B

3.4-53 2B 3.4-105 2B
3.4-54 __ 2B 3.4-106 2B
3.4-65 2B 3.4_107 2B
3.4-56 2B 3.4_108 2B
3.4-57 2B 3.4-109 2B
3 4-58 2B 3_4_110 2B
3.- 59 2B 3 4-111 2B

3.4_60 2B 3.4_112 2B

3.4-61 2B 3.4-113 2B
3.4-63 2B 3.4-114 2B

3.4-63 ~~~~2B 3.4-115 28
3.4-64 2B 3.4-116 2B
3.4-66 2B 3.4-117 2B

2B 374 -_2B_3.4_118 _ 2B
3.4-67 2B F.431.1 20
3 .4 -68 2B 3.4 -120 2B

3.4719 2B 3.4-121 2B
3.4-72 2B 3.4-122 2B
3.4-73 2B 3.4-123 2B

3.4-74 2B _ 3.4-126 2B
3.4-75 2B Fig. 3.4.1 0
3.4-76 2B Fig. 3.4.2 1
3.4-77 2B Fig. 3.4.3 0
3.4-78 2BI
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~page Revision Pae Revision
Fig. 3.4A 0 3.5-4 0
Fig. 3.4.5 1 3.5-5 0
Fig. 3.4.6 0 3.5-6 0
Fig. 3A.7 0 3.5-7 0
Fig. 3A.8 0 3.5-8 0
Fig. 3A.9 0 3.5-9 0
Fig. 3.4.10 1 3.5-10 0
Fg.3.A.11 0 3.5-11 0
Fig. 3A.12 0 3.5-12 0
Fig. 3A.13 0 3.5-13 0
Fig. 3A.14 - 0 3.5-14 0
Fig.3A.15 0 3.5-15 0-O
Fig. 3A.16 0 3.5-16 0
Fig. 3A.16a 0 3.5-17 0
Fig. 3A.16b 0 3.5-18 0
Fig. 3A.17 0 3.5-19 0
Fig. 3A.18 0 Fig. 3.5.1 0
Fig. 3A.19 0 Fig. 3.5.2 - 0
Fig. 3.420 0 Fig. 3.5.3 _ 0
Fig. 3.4.21 0 Fig. 3.5A - 0
Fig. 3.4.22 0 Fig. 3.5.5 0
Fig. 3.423 0 Fig. 3.5.6 0
Fig. 3.424 0 Fig. 3.5.7 0
Fig. 3.4.25 0 Fig. 3.5.8 _ _ 0
Fig. 3.426 0 Fig. 3.5.9 _

Fig. 3.427 0 3.6-1 2A
Fig. 3A.28 0 3.6-2 2A
Fig. 3.429 0 3.6-3 2A
Fig. 3A.30 1 3.6-4 2A
Fig. 3.4.31 1 3.6-5 2A
Fig. 3A.32 1 3.6-6 2A
Fig. 3A.33 1 3.6-7 2A
Fig. 3.4.34 1 3.6-8 2A
Fig.33A.35 1 3.6-9 2A
Fig. 3.4.36 1 3.7-1 2A
Fig. 3.4.37 1 3.7-2 2A
Fig. 3A.38 1 3.7-3 2A
Fig. 3.4.39 1 3.7-4 2A
Fig. 3A.40 1 3.7-5 2A
Fig. 3AA41 1 3.7-6 -2A
Fig. 3AA2 1 3.7-7 2A
Fig. 3A.43 1 3.7-8 2A
Fig. 3.4.44 1 3.7-9 2A
Fig. 3A.45 1 3.7-10 2A
Fig. 3AA6 1 3.8-1 1
Fig. 3A4.47 1 3.8-2 1
Fig. 3.4-48 1 3A1 I
Fig. 3.4-49 1 3A-2
3.5-1 . 0 3A-3 1
3.5-2 O 1 3A-4 -
3.5-3 0 13A-5 1

I__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I J _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ &
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LIST OF EFFECTIVE PAGES FOR HI-STORM 100 FSAR PROPOSED REVISION 2B

Pane Revision Pae Revision
3A-6 1 3.B-24 Deleted
3A-7 1 3.B-25 -- Deleted
3A-8 1 3.B-26 Deleted
3A-9 I 3.-27 Deleted
3A-10 1 3.B-28 Deleted
3_A-11_ _I 3__29 Deleted
3A-12 I_ 3.B_-30 Deleted
3A13 I _ 3.B-31 Deleted
3A-14 I 3. B-32 Deleted
3A-15 I 3._ B33 Deleted
Fig. 3A1 a 3.B-34 Deleted
Fig. 3A2 O 3.B3-35 Deleted
Fig. 3A3 O 3.B3-36 Deleted
Fig. 3A4 O 3.B_-37 Deleted
Fig. 3A5 O 3.1__ 38 __ Deleted
Fig. 3A6 O 3.B3-39 Deleted
Fig. 3A7 O 3._ _40 Deleted
Fig. 3A8 ._ _ 3__41 Deleted
Fig. 3A.9 O 3.1__42 Deleted
Fig. 3A10 O 3.1__43 Deleted
Fig. 3A.11 O_ 3.1_44 Deleted

Fig. 3A12 ._ 3.B_45 Deleted

Fig. 3A13 O 3.B_-46 Deleted

Fig. 3A14 O 3.B__ 47 Deleted

Fig. 3A15 O 3.B_48 Deleted

Fig. 3A16 =O 3.B-49 Deleted
Fig. 3A17 _ _ O 3.B_ 50 Deleted
Fig. 3A18 O 3_ _1 _ Deleted

3.B-1 Deleted 3.1-52 Deleted
3.B-2 Deleted 3.6-53 Deleted
3.-B3 Deleted 3.6-54 Deleted
3.B-4 Deleted 3.6-55 Deleted
3.B-5 Deleted 3.B-56 Deleted
3.6-6 Deleted 3.3-57 Deleted
3.B-7 Deleted 3.6-58 Deleted
3.-B8 Deleted 3.B-59 Deleted
3.B-9 Deleted 3.B360 Deleted
3.B-10 Deleted 3.6-61 Deleted
3.6-11 Deleted 33-62 Deleted

3.B-12 Deleted 3.C-1 Deleted
3.B-13 Deleted __ 3.C-2 Deleted
3.B-14 Deleted 3.C-3 Deleted
3.B-15 Deleted 3.C-4 Deleted
3.6-16 Deleted 3.C-5 Deleted
3.6-17 Deleted 3.C-6 Deleted
3.6-18 Deleted 3.C-7 Deleted
3.B-19 Deleted 3.C-8 Deleted
3.6-20 Deleted Fig. 3.C.1 Deleted
3.6-21 Deleted Fig. 3.C.2 Deleted
3.6-22 Deleted Fig. 3.C.3 Deleted
3.B-23 Deleted 3.1-1 Deleted

3.D-2 Deleted

dj
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Pace Revision &M Revision
3.D-3 Deleted 3.G-8 Deleted
3.D4 Deleted 3.G-9 Deleted
3.0-5 Deleted 3.G-10 Deleted
3.D-6 Deleted 3.G-1 I Deleted
3.D-7 Deleted 3.G-12 Deleted
3.D-8 Deleted 3.G-13 Deleted
3.0-9 Deleted Fig. 3.G.1 Deleted
3.D-10 Deleted Fig. 3.G.2 Deleted
3.D-11 Deleted i Fig. 3.G.3 Deleted
3.D-12 Deleted Fig. 3.G.4 Deleted
3.D-13 Deleted Fig. 3.G.5 Deleted
3.0-14 Deleted 3.H-1 Deleted
3.D-15 Deleted 3.H-2 Deleted
Fig. 3.D.1 Deleted 3.H-3 Deleted
Fig. 3.D.2a Deleted 3.H-4 Deleted
Fig. 3.D2b Deleted 3.H-5 Deleted
Fig. 3.D2c Deleted _3.H-6 Deleted
Fig. 3.D.3 Deleted 3.1H-7 Deleted
Fig. 3.D.4a Deleted Fig. 3.H.1 Deleted
Fig. 3.DAb Deleted 3.1-1 Deleted
Fig. 3.D.4c Deleted i 3.1-2 Deleted
Fig. 3.D.5s Deleted 3.1-3 Deleted
Fig. 3.D.5b Deleted 3.14 Deleted
Fig. 3.D.5c Deleted 3.1-5 Deleted
3.E-1 Deleted 3.-6 Deleted
3.E-2 Deleted 3.t-7 Deleted
3.E-3 Deleted 3.1-8 Deleted
3.E-4 Deleted 3.1-9 Deleted
3.E-5 Deleted 3.1-10 Deleted
3.E-6 Deleted Fig. 3.1.1 Deleted
3.E-7 Deleted Appendix 3J Deleted
3.E-8 Deleted 3.K-1 Deleted
3.E-9 Deleted 3.K-2 Deleted
3.E-10 Deleted 3.K-3 Deleted
Fig. 3.E.1 Deleted 3.K-4 Deleted
Fig._3.E.2 Deleted 3.K-5 Deleted
Fig. 3.E.3 Deleted _ __ Deleted
3.F7-1 Deleted 3.K-7 Deleted
3.F7-2 Deleted 3.L-1 Deleted
3.F-3 Deleted 3.1-2 Deleted
3.F -4 Deleted 3.1-3 Deleted
Fig. 3.F.1 Deleted 3.1-4 Deleted
Fig. 3.F.2 Deleted 3.L-5 Deleted
Fig. 3.F.3 Deleted 3.1-6 Deleted
Fig. 3.FA4 Deleted 3.1-7-7 Deleted
3.G-1 Deleted 3.1-8 Deleted
3.G-2 Deleted 3.1-9 Deleted
3.G-3 Deleted 3.1-10 Deleted
3.G4 Deleted 3.L-11 Deleted
3.G-5 Deleted 3.1-12 Deleted
3.G-6 Deleted 3.L-13 Deleted
3.G-7 Deleted 3.M-1 Deleted
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Page Revision Pane Revision
3.M-2 Deleted 3.W-6 Deleted
3.M-3 Deleted 3.W-7 Deleted
3.M-4 Deleted 3.W-8 Deleted
3.M-5 Deleted 3.W-9 Deleted
3.M-6 Deleted 3.W-10 Deleted
3.M-7 Deleted Fig. 3.W.1 Deleted
3.M-8 Deleted 3.X-1 Deleted
3.M-9 Deleted 3.X-2 Deleted
3.M-10 Deleted 3.X-3 Deleted
3.M-11 Deleted 3.X-4 Deleted
3.M-12 Deleted 3.X-5 Deleted
3.M-13 Deleted 3.X6 Deleted
3.M_14 Deleted 3.X-7 Deleted
3.M-15 Deleted 3.X-8 Deleted
3.M-16 Deleted 3.X-9 Deleted
3.14-17 Deleted 3.X-10 Deleted
3.M-18 Deleted Fig. 3.X.1 Deleted
3.M-19 Deleted Fig. 3.X.2 Deleted
Appendix I.N Deleted in Rev I Fig. 3.X3 Deleted
Appendix 3.0 Deleted in Rev I Fig. 3MXA_ Deleted
Appendix 3.P Deleted in Rev I Fig. 3.X.5 Deleted
Appendix 3.Q Deleted in Rev I 3.Y-1 Deleted
Appendix 3.R Deleted in Rev I 3.Y-2 Deleted
Appendix 3.S Deleted in Rev I 3.Y-3 Deleted
Appendix 3.T Deleted in Rev 1 3.Y4 Deleted
3.U-1 Deleted 3.Y-5 Deleted
3.U-2 Deleted 3.Y-6 Deleted
3.U-3 Deleted 3.Y-7 Deleted
3.U-4 Deleted 3.Y-8 Deleted
3.U-5 Deleted 3.Y-9 Deleted

_.U-6 Deleted 3.Y-10 Deleted
3.U-7 Deleted 3.Y-1I1 Deleted
3.U-8 Deleted 3.Y-12 Deleted
3.U-9 Deleted 3.Y-13 Deleted
3.U-10 Deleted 3.Y-14 Deleted
Fig. 3.U.1 Deleted 3.Y-15 Deleted
3.V-1 Deleted 3.Y-16 Deleted
3.V-2 Deleted 3.Y-17 Deleted
3.V-3 Deleted 3.Y-18 Deleted
3.V-4 Deleted 3.Y-19 Deleted
3_V-5 Deleted 3.Y-20 Deleted
3.V__ Deleted Fig. 3.Y.1 Deleted
3.V-7 Deleted Fig. 3.Y.2 Deleted
3.V-8 Deleted 3.Z-1 Deleted
3.V-9 Deleted 3.Z-2 Deleted
3.V-10 Deleted 3.Z-3 Deleted
Fig. 3.V.1 Deleted 3.Z-4 Deleted
3.W-1 Deleted 3.Z-5 Deleted
3.W-2 Deleted 3.Z-6 Deleted
3.W-3 Deleted 3.Z-7 Deleted
3.W_4 Deleted 3.Z-8 Deleted
3.W-5 Deleted 3.Z-9 Deleted

4
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Pame Revision
3.Z-10 Deleted 3AD-2 Deleted
3Z-1 I Deleted 3AD-3 Deleted

3.-12 Deleted 3.AD-4 Deleted
Fig. 3Z.1 Deleted 3AD-5 Deleted
Fig. 3Z.2 Deleted 3AD-6 Deleted
Fig. 3.Z.3 Deleted 3AD-7 Deleted
Fig. 3ZA Deleted 3AD-8 Deleted
Fig. 3 Z.5 Deleted 3AD-9 Deleted
Fig. 3 Z.6 Deleted 3AD-10 Deleted
3AA-1 - Deleted 3AD-1 I Deleted
3AA-2 -Deleted 3AD-12 Deleted

3AA_3 Deleted 3AD-13 Deleted
3AA4 Deleted 3AD-14 Deleted
3AA_ : Deleted 3AD-15 Deleted
3_A__ Deleted 3AD-16 Deleted
3AA_7 Deleted _ 3AD-17 Deleted
3-AA-8 Deleted 3AD-18 Deleted
Fg. 3AA.1_ Deleted 3AD-19 Deleted
Fig. 3Ak2 Deleted Fig. 3AD.I Deleted
Fig.3AA3_ Deleted Fig. 3AD.2 Deleted
Fig. 3AAA Deleted Fig. 3.AD.3 Deleted
Fig. 3AA.5 Deleted _ 3.AE-1 Deleted
Fig. 3A.6 Deleted 3.AE-2 Deleted
Fig. 3AA.7 Deleted 3.AE-3 Deleted
Fig. 3-AA.8 Deleted 3.AE-4 Deleted
3AB-1 Deleted 3AE-5 Deleted
3AB-2 Deleted 3AE-6 Deleted
3AB-3 -_-_- Deleted 3AE-7 Deleted
3AB-4 Deleted Fig. 3AE.1 Deleted
3AB-5 Deleted Fig. 3AE.1 b Deleted In Rev. 1
3AB-6 Deleted Fig. 3AE.1c Deleted In Rev. 1
3AB-7 Deleted Fig. 3AE.2 Deleted
3AB-8 Deleted Fig. 3AE.3 Deleted
3AB-9 Deleted Fig. 3AEA Deleted In Rev. I
3AB-10 Deleted 3AF-1 Deleted
3AB-11 Deleted 3AF-2 Deleted
3AB-12 Deleted 3AF-3 Deleted
3AB-13 Deleted 3AF-4 Deleted
3AB-14 Deleted 3AF-5 Deleted
3AC-1 Deleted 3AF-6 Deleted
3AC-2 Deleted 3AF-7 Deleted
3AC-3 Deleted 3AF-8 Deleted
3AC-4 Deleted 3AG-1 Deleted
3AC-5 Deleted 3AG-2 Deleted
3AC-6 Deleted 3AG-3 Deleted
3AC-7 Deleted 3AG-4 Deleted
3AC-8 Deleted 3AG-5 'Deleted
3AC-9 Deleted 3.A3-6 Deleted
3AC-10 Deleted 3AG-7 - Deleted
3AC-1 I Deleted 3AG-8 Deleted
3AC-12 Deleted ___ 3AG-9 Deleted
3AD-1 Deleted 3AG-10 Deleted
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Paqe Revision _ __ ae Revision
3AG-1 1 Deleted| 3.AJ-5 Deleted
3AG-12 Deleted 3.AJ-6 Deleted
3AG-13 Deleted 3.AJ-7 Deleted
3AG-14 Deleted 3.AJ-8 Deleted
3AG-15 Deleted 3AJ-9 Deleted
3AG-16 Deleted 3AJ-10 Deleted
3AG-17 Deleted 3AJ-1 I Deleted
3AG-18 Deleted 3AJ-12 Deleted
3AG-19 Deleted 3AJ-13 Deleted
3AG-20 Deleted 3.AJ-14 Deleted
3AG-21 Deleted 3AJ-15 Deleted
3AG-22 Deleted 3.AJ-16 Deleted
3AG-23 Deleted 3.AJ-17 Deleted
3AG-24 Deleted 3.AJ-18 Deleted
3.AH-1 Deleted 3AJ-19 Deleted
3AH-2 Deleted Fig. 3.AJ.1 Deleted
3AH-3 Deleted Fig. 3.AX.2 Deleted
3AH-4 Deleted Fig. 3.AJ.3 Deleted
3AH-5 Deleted 3AK-1 Deleted
3AH-6 Deleted 3AK-2 Deleted
3AH-7 Deleted 3.AK-3 Deleted
3.AH-8 Deleted 3.AK-4 Deleted
3AH-9 Deleted 3.AK-5 Deleted
3AS1- Deleted 3AK-6 Deleted
3A1-2 Deleted 3AK-7 Deleted
3A1-3 Deleted 3AK-8 Deleted
3AJ-4 Deleted 3AK-9 Deleted
3Al-5 Deleted 3AK-10 Deleted
3A1-6 Deleted 3.AK-1 I Deleted
3Al-7 Deleted 3.AK-12 Deleted
3A1-8 Deleted 3AK-13 Deleted
3A1-9 Deleted 3AK-14 Deleted
3A-10 Deleted 3AK-15 Deleted
AM1 Deleted 3AK-16 Deleted

3AJ-12 Deleted 3.AK-17 Deleted
3 A-13 Deleted 3AK-18 Deleted
3AI-14 Deleted 3.AL-1 Deleted
3AI-15 Deleted 3.AL-2 Deleted
3AI-16 Deleted 3.AL-3 Deleted
3A 17 Deleted . 3.AL-4 Deleted
3AI-18 Deleted 3AL-5 Deleted
3AJ-19 Deleted 3AL-6 - Deleted
Fig. 3AI.1 Deleted _ 3AL-7 Deleted
Fig. 3.A.2 Deleted 3.AL-8 Deleted
Fig. 3A_.3 Deleted 3.AL-9 Deleted
Fig. 3AI.3 Deleted 3.AL-10 Deleted
Fig. 3AI.5 Deleted 3.AM-1 Deleted
Fig. 3A1.6 Deleted 3.AM-2 Deleted
3AJ-I Deleted 3AM-3 Deleted
3AJ-2 Deleted 13AM4 Deleted
13AJ-3 Deleted = 1_ 3.AM-5 Deleted
3AJ-4 Deleted 13AM-6 Deleted

d
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Pane Revision _Pame Revision
3AM-7 Deleted_ Fig. 3.AN.15 Deleted
3AM-8 Deleted Fig. 3AN.16 Deleted
3AM-9 - Deleted Fig. 3.AN.17 Deleted
3.AM-10 Deleted _ Fig. 3.AN.18 Deleted
3AM-11 Deleted Fig. 3.AN.19 Deleted
3.AM-12 Deleted Fig. 3AN.20 Deleted
3AM-13 Deleted Fig. 3AN.21 Deleted
3AM-14 Deleted Fig. 3AN.22 Deleted
3AM-15 Deleted Fig. 3AN.23 Deleted
3AM-16 Deleted Fig. 3AN.24 Deleted
3AM-17 Deleted Fig. 3AN.25 Deleted
3.AM-18 Deleted Fig. 3AN.26 Deleted
3AM-19 Deleted Fig. 3AN.27 Deleted
3AM-20 Deleted Fig. 3AN.28 Deleted
3AM-21 Deleted Fig. 3AN29 Deleted
3.AM-22 Deleted Fig. 3AN.30 Deleted
3AM-23 Deleted 3A0-1 Deleted
3AM-24 Deleted 3AP-1 Deleted
3AM-25 Deleted 3 AQ-1 Deleted
3AM-26 Deleted 3AQ-2 Deleted
3.AM-27 Deleted 3AQ-3 Deleted
3AM-28 Deleted 3.AQ-4 Deleted
3.AM-29 Deleted 3 AQ-5 Deleted
3AM-30 Deleted 3 AQ-6 Deleted
3AN-1 Deleted 3.AQ-7 Deleted
3AN-2 Deleted 3AQ-8 Deleted
3AN-3 Deleted 3.AQ-9 Deleted
3AN-4 Deleted 3.AQ-10 Deleted
3AN-5 Deleted 3.AR-1 Deleted
3AN-6 Deleted 3.AR-2 Deleted
3AN-7 Deleted 3AR-3 Deleted
3AN-8 Deleted 3.AR-4 Deleted
3AN-9 Deleted 3AR-5 Deleted
3AN-10 Deleted 3AR-6 Deleted
3AN-1 I Deleted 3AR-7 Deleted
3AN-12 Deleted 3AR-8 Deleted
3AN-13 Deleted 3AR-9 Deleted
3AN-14 Deleted 3AR-10 Deleted
Fig. 3AN.1 Deleted 3AR-1 I Deleted
Fig. 3AN2 Deleted 3AS-1 Deleted
Fig. 3AN.3 Deleted 3AS-2 Deleted
Fig. 3AN.A Deleted 3AS-3 Deleted
Fig. 3AN.5 Deleted 3AS-4 Deleted
Fig. 3AN.6 Deleted 3-AS-5 Deleted
Fig. 3AN.7 Deleted 3AS-6 Deleted
Fig. 3.AN.8 Deleted 3AS-7 Deleted
Fig. 3AN.9 Deleted 3AS-8 Deleted
Fig. 3AN.10 Deleted 3.AS-9 Deleted
Fig. 3AN. 1 Deleted 3.AS-10 Deleted
Fig. 3AN.12 Deleted 3.AS-1 _ Deleted
Fig. 3AN.1 3 Deleted 3.AS-12 Deleted
Fig. 3AN.14 Deleted 13.AS-13 Deleted
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LIST OF EFFECTIVE PAGES FOR HI-STORM 100 FSAR PROPOSED REVISION 2B

Pace Revision Page Revislo
4.0-1 2B 4.3-23 Deleted
4.0-2 2B Fig. 4.3.1 Deleted
4.0-3 2B Fig. 4.3.2 Deleted
4.0-4 2B Fig. 4.3.3 Deleted
4.0-5 2B Fig. 4.3.4 Deleted
Fig. 4.0.1 2A 4.41 2B

Fig. 4.0.2 2B 4.42 2B

Fig. 4.0.3 2B .43 2B
4.1-1 2B 4.44 2B
4.1-2 2B 4.4-5 2B

4.1-3 2B 4.4-6 2B

4.1-4 2B 4.47 2B

4.1-5 2B 4.48 2B
4.1-6 2B 4.4-9 2B
4.1-7 Deleted 4.4-10 2B

4.2-1 2B 4.411_ 2B

4_2-2 2B 4.4_12 2B

4.2-3 -2B 4.413_ 2B

4.2-4 2B 4.4_14 2B

4.2-- 2B 4.4_15 2B

4_2__ 2B 4.4-16 2B

4_2-7 2B 4.4-17 2B

4_2__ 2B 4.4-18 2B

4_2-9 2B 4.4_19 2B

4.2-10 2B 4.4_20 2B

4.2-11 2B .421 2B

4.2-12 2B 4.4_22 2B
Fig. 4.2.1 Deleted 4.4-23 2B
Fig. 4.2.2 Deleted 4.4-24 2B
Fig. 4.2.3 2B 4.4-25 2B
4.3-1 2B 4.4-26 2B
4.3-2 2B 4.4-27 2B
4.3-3 2B 4.4-28 2B
4.3-4 Deleted 4.4-29 2B
4.3-5 Deleted 4.4-30 2B
4.3-6 Deleted 4.4-31 2B
4.3-7 Deleted 4.4-32 2B
4.3-8 Deleted 4.4-33 2B

4.3-9 Deleted 4.4-34 2B
4.3-10 Deleted 4.4-35 2B

4.3-11 Deleted 4.4-36 2B
4.3-12 Deleted 4.4-37 2B
4.3-13 Deleted 4.4-38 2B
4.3-14 Deleted 4.4-39 2B
4.3-15 Deleted 4.4-40 2B

4.3-16 Deleted 4.4-41 2B
4.3-17 Deleted 4.4-42 2B

4.3-18 Deleted 4.4-43 2B

4.3-19 Deleted 4.4-44 2B

4.3-20 Deletedl 4.4-45 2B

4.3-21 Deletedl 14.4-46 2B

4.3-22 Deletedc 14.4-47 2B

S
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LIST OF EFFECTIVE PAGES FOR A-STORM 100 FSAR PROPOSED REVISION 2B

Paae fiReision PEae Revision
4.4-48 2B Fig. 4.4.31 2B
4.4-49 2B Fig. 4.4.32 2B
4.4-50 2B Fig. 4.4.33 2B
4.4-51 Deleted Fig. 4.4.34 2B
4.4-52 Deleted _ Fig. 4.4.35 2B
4.4-53 Deleted 4.5-1 2B
4.4-54 Deleted 4.5-2 26
4.4-55 Deleted 4.5-3 2B
4.4-56 Deleted 4.5-4:- 2B
4.4-57 Deleted 4.5-5 2B
4.4-58 Deleted 4.5-6 2B
4.4-59 Deleted 4.5-7 2B
4.4-60 0 Deleted 4.5-8 2B
4.4-61 Deleted 4.5 - 26
4.462 - Deleted 4.5-10 2B

4.4-63 Deleted 4.5-11 2B
4A-64 Deleted 4.5-12 2B
4.4-65 - Deleted 4.5-13- 2B
4.4-66 Deleted 4.5-14 2B
4.4-67 Deleted 4.5-15 2B
4.4-68 Deleted 4.5-16 2B
Fig. 4A.1 0 4.5-17 2B
Fig. 4A.2 O 4.5-1 - 2B
Fig. 4A.3 2 4.5-19 2B
Fig.4AA 0 4.420 2B
Fig. 4A.5 0 4.5_21- 2B
Fig. 4A.6 2A 4._ 422 _ 2B
Fig. 4A.7 2B 4.623 - 2B
Fig. 4.4.8 Deleted 4.5-24 2B
Fig. 4.4.9 -_1 4.5-25 Deleted
Fig. .4A.10 O 4.5-26 Deleted
Fig. 4A.11 Deleted Fig. 4.5.1 Deleted
Fig. 4A.12 Deleted Fig. 4.5.2 Deleted
Fig. 4A.13 - Fg. 4.5.3 Deleted
Fig. 4A.14 Deleted Fig. 4.5.4 2B
Fig. 4A.15 Deleted 4.6-1 2B
Fig. 4A.16 2B 4.6-2 2B
Fig. 4.4.17 2B 4.7-1 2B
Fig. 4A.18 Deleted 4.7-2 2B
Fig.4A.19 2B 4.7-3 2B
Fig. 4A.20 2B 4A-1 Deleted
FigH.4.4.21 Deleted 4A-2 Deleted
Fig. 4.4.22 Deleted 4A-3 -- Deleted
Fig. 4.4.23 Deleted 4A4 Deleted
Fig. 4A.24 0 4.A-5 Deleted
Fig. 4A.25 2B 4.A-6 Deleted
Fig. 4.426 2B 4.A-7 Deleted
Fig. .4A.27 2 4.A-8 Deleted
Fig. 4A.28 2B 4A-9 Deleted

Fig. 4.4.29 2A 14A-10 Deleted
Fig. 4.4-30 2B 1_ 4A-11 Deleted
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IIST OF EFFECTIVE PAGES FOR r-STORM 100 FSAR PROPOSED REVISION 2B

PAqe Revision Page Revision
4A-12 Deleted
4A-13 Deleted
4A-14 Deleted
4A-15 Deleted
4A-16 Deleted
4A-17 Deleted
4A-18 Deleted
4A19 Deleted
4A-20 Deleted
4A-21 Deleted
4A-22 Deleted
4A-23 Deleted
Fig. 4A1 Deleted
Fig. 4A2 Deleted
Fig. 4A3 Deleted
Fig. 4A4 Deleted
Fig. 4A5 Deleted
Fig. 4A6 Deleted
Fig. 4A7 Deleted
Fig. 4A8 Deleted
Fig. 4A9 Deleted
Fig. 4A10 Deleted
Fig.4A11 Deleted
Fig. 4A12 Deleted
Fg. 4A13 Deleted
4.B-1 2B
4.B-2 2B
4.B-3 2B
4.B-4 2B
4.B-5 2B
4.4B2- 2B
4.B3-7 2B 1
4.B-8 2B

43-9 ~~~~~~2B
.B-10 ~~~~~2B

Fig. 4.B.5 I

Fig.4.B.6 __I1
Fig. 4.B.7 1
Fig._4.B.8 Deleted
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LIST OF EFFECTIVE PAGES FOR M-STORM 100 FSAR PROPOSED REVISION 2B

_Pcee Revision Paqe Revision
5.0-1 2B 5.2-18 2B
5.0-2 2B 5.2-19 2B
5.0-3 2B 6_ 5.2-20 2B
5.1-1 2B 5.2-21 2B
5.1-2 2B 6.2-22 2B
5.1-3 - 2B 52-23 2B

5.1-4 2B 5.2-24' - 2B
5.1-5 2B 5 _2_25 2B

5.1-6 2B 5_2-26 2B
5.1-7 .2B 5.2-27 - 2B3

5.1-8 -2B 5.2-28 2B
5.1-9 2B 5.2-29 - 2B
5.1-10 2B 5.2-30 2B
5.1-11 2B 5_2-31 2B
5.1-12 2B 5.2-32 2B
5.1-13 28 52-33 = 2B
5.1-14 2B 52-34 2B
5.1-15 2B 5.2-35 2B
5.1-16 2B 52-36 - 2B
5.1-17 2B 5.2-37 2B
5.1-18 -28 52-38 - - 2B
5.1-19 - 2B 5.2-39 _ _ 2B
5.1-20 28 2- 2B540 2B
Fig. 5.1.1 i _ 52 541_ _ _ _ _- 2B
Fig. 5.1.2 -00 5242 2B
Fig. 5.1.3 2B 5243 2B
Fig. 5.1.4 0 5.2-44 2B
Fig. 5.1.5 0 5.2-45 2B
Fig. 5.1.6 =0 5.2_46 2B
Fig. 5.1.7 _ 5_2_47 __=0_5247 _-_ 2B
Fig. 5.1.8 _ ____ 5_2_ -0_48_ __ ___ 2B
Fig. 5.1.9 = = _ 0 5.2_49 _ 2B
Fig. 5.1.10 _ _ - _ 0 _ 52-5 0 _ _ _ _ 2B
Fig. 5.1.11 0 _ __ ° 5.2-51 _ _ 26
Fig. 5.1.12 1 _ 5.2-52 2B
5.2-1 2B 52-53 2B
5.2-2 2B 52 54 2B
5.2-3 2B 5.2-55 2B
5.2-4 23 5.256 2B
5.2-5 2B 5.2-57 2B
5.2-6 2B 582- 2B
5.2-7 263 5.3-1 2A
5.2-8 26 5.3-2 2A
5.2-9 26 5.3-3 2A
5.2-10 2B 5.3-4 2A
5.2-11 26 5.3-5 2A
5.2-12 26 i 5.3-6 2A
5.2-13 2 _=2i3 _ 5.3-7 2A
52-14 2B 5.3-8 2A
5.2-15 2 __ -2B 1 5.3-9 2A
5.2-16 26i 15.3-10 2A
52-17 - 26 15.3-11 2A
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LIST OF EFFECTIVE PAGES FOR MI-STORM 100 FSAR PROPOSED REVISION 2B

PaEm Revision _ _ _ae Revision
5.3-12 2A 5.4-29 2B
5.3-13 2A 5.4-30 2B
5.3-14 2A 5.4-31 2B
Fig. 5.3.1 1 5.4-32 2B
Fig. 5.3.2 0 5.4-33 2B
Fg. 5.3.3 0 5.4-34 2B
Fig. 5.3.4 1 5.4-35 2B
Fig. 5.3.5 0 5.5-1 0
Fig. 5.3.6 0 5.6-1 2B
Fig. 5.3.7 1 5.6-2 2B
Fig. 5.3.8 0 5.6-3 2B
Fig. 5.3.9 0 5A-1 0
Fig. 5.3.10 1 5.A-2 0
Fig. 5.3.11 1 5A-3 0
Fig. 5.3.12 0 5.B-1 0
Fig. 5.3.13 0 5.B-2 0
Fig. 5.3.14 1 5.B-3 0
Fig. 5.3.15 1 5.B-4 0
Fig. 5.3.16 1 5.-5 0
Fig._5.3.17 1 5.B-6 0
Fig._5.3.18 1 5.B-7 0
Fig. 5.3.1_9 I 5.C-1 0
Fig. 5.3-20 1 5.G-2 0
Fig. 5.3-21 _ 5.G-3 0

5.4 1 2B 5.G4 0
5.42 2 2 5.C-5 0
5.4-3 2B 5.C-6 0

5.4-4 2B 5.C-7 0
5.4-5 2B 5.C-8 0
5.4-6 2B 5.C-9 0
5.4-7 2B 5.c-jo 0
5.4-8 2B 5.c-l I 0
5.4-9 2B 5.C-12 0
5.4-10 2B 5.C-13 0
i5.411 2B 5.C-14 0
5.4-12 2B 5.C-15 0
5.4-13 -2B 5.C-16 0
5.41 14 2B 5.C-17 0
5.4-15 2B 5.C-18 0
5.4_16 2B 5.C-19 0
5.4-17 2B 5.C-20 0
5.4 18 2B 5.C-21 0

5.5419 2B 5.C-22 0
5.5420 2B 5.C-23 0
5.5421 2B 5.C-24 0

5.4-22 2B 5.C-25 0
5.4-23 2B 5.C-26 0
5.4-24 2B 5.C-27 0

5.4-25 2B 5.0-28 0
5.54-26 2B 5.C-29 0

5.4-27 2B 5.C-30 0
15.4-28 2B 5.0-31 0

i
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UST OF EFFECTIVE PAGES FOR HI-STORM 109 FSAR PROPOSED REVISION 2B

__ __ __ _ __ __ __ _Revision ____ __ . Revision

5.C-32 0
5.C-33 0 _ _ _ _ _ _ _ _ _ _ _ _ _ _

5.C-34 0 _ _ _ _ _ _ _ _ _ _ _

5.C-35 0 _ _ _ _ _ _ _ _ _ _ _

5.C-36 0 ___

5.C-37 _ _ _ _ __0 _ _ _

5.C-38 _ _ _ _ __0 _ _ _

5 . C-"_ _ _ _ _ _ 0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

5.C-40 0
5.C-41 0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

5.C -42 0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

5.C -43 0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

5. C -4 4 _ _ _ _ _ _ 0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

5.C -45 0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

5.C -46 __ _ _ _ _ 0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

5.0 -4 7 _ _ _ _ __0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

5.C -48 _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

5.C-49 0 _ _ _ _ _ _

5.C-S0 0 _ _ _ _ _ _

5.C-51 0 _ _ _ _ _ _

5.C-52 0
5.C-53 0
5.C-54 0 _ _ _ _ _ _

5.C-55 0
5.C-56 0 ___

5.C-57 0 ___

5.C-58 0
5.C-59 0 _ _ __ _ _

5.C-60 0 ___

5.C-61 0 _ __

5.D -1 0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

5.D-2 0
5.D-3 0
5.0-4 0
5.0-5 0
5.D-6 0
5.E-1 I__ _ _ _ _ _ _ _ _ _ _

5.E-2 I
5.E-3 I _ _ _ _ _ _ _ _ _ _ _ _ _

5.E-4 I ___
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LIST OF EFFECTIVE PAGES FOR l[-STORM 100 FSAR PROPOSED REVISION 2B

Pace Revision _ __ Pae Revision
6.1-1 2B 6.2-33 2B

6.1-2 2B 6.2-34 2B

6.1-3 2B 6.2-35 26
6.1-4 2B 8.2-38 26
6.1-5 2B 6.2-37 26

6.1-6 2B 6.2-38 2B

6.1-7 2B 6.2-39 26

6.1-8 2B 6.2-40 2B
6.1-9 2B 6.2-41 2B
6.1-10 2B 6.2-42 2B
6.1-11 _ 2B 6.2-43 26

6.1-12 2B 6.2-44 26

6.1-13 2B 6.2-45 2B

6.1-14 2B 6.2-46 2B
6.1-15 2B 6.2-47 26

6.1-16 2B 6.2-48 2B
6.1-17 2B 6.2-49 26

6.1-18 2B 6.2-50 26
6.1-19 2B 6.2-51 26
6.2-1 2B 6.2-52 26
6.2-2 2B 6.2-53 2B
6.2-3 2B 6.2-54 2B
6.24 2B 6.2-55 2B

6.2-5 2B 6.2-56 26
6.2-6 2B 6.2-57 26

6.2-7 2B 6.2-58 26

6.2-8 2B 6.2-59 26

6.2-9 2B 6.2-60 26

6.2-10 2B 6.2-61 26

6.2-11 2B 6.2-62 26
6.2-12 2B 6.2-63 2B
6.2-13 2B 6.2-64 26

62-14 2B 6.3-1 2A
.2-15 2B 6.3-2 2A

.2-16 2B 6.3-3 2A

62-17 2B 6.3-4 2A

6.2-18 2B 6.3-5 2A

62-19 2B 6.3-6 2A

6.2-20 2B 6.3-7 2A

6.2-21 2B 6.3-8 2A

62-22 2B 6.3-9 2A

62-23 2B 6.3-10 2A
6.2-24 2B 6.3-11 2A

6.2-25 2B 6.3-12 2A

6.2-26 2B 6.3-13 2A

62-27 2B 6.3-14 2A

6.2-28 -_ 2B 6.3-15 2A
62-29 2B 6.3-16 26

62-30 2B 6.3-17 2B

.2-31 2B 6.3-18 2B
62-32 2B Fig. 6.3.1 1

3
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LIST OF EFFECTIVE PAGES FOR HI-STORM 100 FSAR PROPOSED REVISION 2B

Pacqe Revision :Pee Revision

Fig. 6.3.1A I Fig. 6.4.10 1
Fig. 6.32 1 Fig. 6A.11 1
Fig. 6.3.3 0 Fig. 6A.12 I
Fig. 6.3.4 1 Fig. 6A.13 1
Fig. 6.3.4A 1 Fig. 6A.14 1
Fig. 6.3.5 1 Fig. 6.4.15 1
Fig. 6.3.6 0 Fig. 6.4.16 2
Fig. 6.3.7 _ 1 Fig. 6.4.17 2A
6.4-1 2B 6.5-1 0
6.4-2 __ __2B 6.6-1 0
6.4-3 2B 6.7-1 1
6.4-4 2B 6.7-2 1
6.4-5 2B - 6A-1 -_-1
6.4-6 2B 6A-2 1
6.4-7 2B 6A-3 1
6.4-8 2B 6A-4 1
6.4-9 2B 6A-5 1
6.4-10 2B 6A-6 1
6.4-11 2B 6A-7 1
6.4-12 2B 6 _A-8 1
6.4-13 2B 6_A- 1
6.4-14 2B 6A10I 1
6.4-15 2B 61A-11
6.4-16 2B 6 _A-12 1
6.4-17 2B 6 _A-13 1
6.4-18 2B 6A-14 _ _- 1
6.4-19 -2B 6A-15 1
6.4-20 2B 6.A-16 7.1
6.4-21 2B 6A-17 1
6.4-22 -2B 6A-18 1
6.4-23 2B 6.A-19 1
6.4-24 -2B 6.A-20 I

6.4-25 2B Fig. 6.A.1 0
6.4-26 2B Fig. 6A.2
6.4-27 2B Fi. 6A3 a
6.4-28 2B Fig. 6A4 0
6.4-29 2B Fig. 6 A.5 a
6A-30 2B Fi. 6 A.6 C
6.4-31 2B 6.B-1 a
6.4-32 2B 6.132 =
6.4-33 2B 6.C-1 2B

Fig.6.4.1 Deleted 6.C,2 2E
Fig. 6.4.2 1 6.C-3 -2E
Fbg.6.4.3 1 6.C,4 2E
Fig. 6.4A I 6.C-5 2E
Fig. 6.4.5 1 6.C-6 2E
hig. 6A.6 I 6.C-7 2F
Fig. 6A4.7 I 6.C-8 2B
Fig. 6A4.8 1 6.C-9 .2e
Fig. 6A.9 I 16.G-10 2B

______________________________________ _______________________________________ I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ :
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LIST OF EFFECTIVE PAGES FOR HI-STORM 100 FSAR PROPOSED REVISION 2B

Pane6 Revision PesRevision
6.0-Il1 2B
6.|-12 2B
6.C-13 2B
6.C-14 2B
5.0-15 2B _ _ _ _ _

6.C-16 28
6.C-17 23
6.D-1 1
6.D-2 1
6.D-3 1
6.D-4 I
6.D-5 1
6.D-6 1
6.D-7 1
6.D-8 1
6.0-9 1
6.D-l 1 =
6.D-1 I I
6.D0-12 1
6.D-13 I ___

6.D-14 I
6.D-15 1
6.D-16 I

S.D-I 8 1 - ___

6.-20 1
6 .D -2 1 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

6.0-22 1 2B 7 A-8Deleted
6.1-23 1 __7_-1_____

6.D-24 1_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

6.0-251 _ _ _ _ _

6.D-261 _ _ _ _ _

6.0-271 _ _ _ _ _

6.10-28 1
6.0-291
6.D-30
6.D-311
6.0-321
6.D-331 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

6.D-341
6.D-351

7.0-1 2B 7.A-8 Deleted
7.1-1 2B 7A-9 Deleted
7.1-2 2B 7A-10 Deleted
17.1-3 263 17.A-1Il Deleted]
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LIST OF EFFECTIVE PAGES FOR if-STORM 100 FSAR PROPOSED REVISION 2B

Paqe Revision _ __ ___ __ ___ ___ __Revisio

7.1-4 2B 7A __ __ _ ___12_ __ _Deleted

7.1-5 2B 7A _ __ __ __ __13_ _ Deleted

7.1-6 2B7-4Deleted
7.1-7 ___ ___7A__ __15_ __Deleted

7.1-8 2B 7 _ __ ____16_ __Deleted

Fig. 7.1.1 ____7__ ___1_ __ __Deleted

7.2-1 _____7A___18__Deleted

7.2-2 Deleted 7.A419 Deleted
7.243 Deleted 7.A-20 Deleted
7.2-4 Deleted 7.A-21 Deleted
7.2-5 Deleted 7.A-22 Deleted
7.2-6 Deleted 7A-23 Deleted
7.2-7 Deleted 7.A-24 Deleted
7.2-8 Deleted 7.A-25 Deleted
7.2-9 ____ Deleted 7.A-26 Deleted
7.2-10 Deleted 7.A-27 Deleted
7.2-11 Deleted 7A-28 Deleted
7.2-12 Deleted 7A-29 Deleted
7.3-1 2B_____ 7A__30 Deleted

7.3-2 Deleted ____7.A-31 Deleted
7.3-3 Deleted ____7.A-32 Deleted
7.3-4 Deleted ____7.A-3 Deleted
7.3-5 Deleted ____7.A-34 Deleted
7.3-6 Deleted ____7.A-35 Deleted
7.3-7 Deleted ____7.A-36 Deleted
7.3-8 Deleted ____7A-37 Deleted
7.3-9 Deleted ____7.A-38 Deleted
7.3-10 _____Deleted ____7.A-39 Deleted
7.3-1 1 Deleted ____7A-40 Deleted
7.3-12 Deleted ____7A-41 Deleted
7.3-13 Deleted ____7A-42 Deleted
7.3-14 Deleted ____7A-43 Deleted
7.3-15 Deleted ____7A-44 Deleted
7.3-16 Deleted ____7A-45 Deleted
7.3-17 Deleted ____7A-46 Deleted
7.3-18 Deleted ____7.A-47 Deleted
7.3-19 Deleted ____7A-48 Deleted
7.3-20 Deleted ____7A-49 Deleted
7.3-21 Deleted ____7A-50 Deleted
7.4-1 2B 7____lA-5I Deleted
7.4-2 2B ____7A-52 Deleted
7A-1 2B __ _7.A-53 Deleted
7A-2 Deleted ____7.A-54 Deleted
7A-3 Deleted ____7.A-55 Deleted
7A-4 Deleted ____7.A-56 Deleted
7A-5 Deleted ____7.A-57 Deleted
7.A-6 Deleted 7.A-58 Deleted
7A-7 Deleted 7.A-59 Deleted
7A-60 Deleted_______
7.A -61 Deleted __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

7A-62 Deleted ____

7.Ar63 Deleted_________________________
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LIST OF EFFECTIVE PAGES FOR HI-STORM 100 FSAR PROPOSED REVISION 2B

292- Reviso Pan e Revision
7A-64 Deleted
7A-65 Deleted
7A-66 Deleted
7A-67 Deleted
7A-68 Deleted
7A-69 Deleted
7A-70 Deleted
7A-71 Deleted
7A-72 Deleted
7A-73 Deleted
7A-74 Deleted
7A-75 Deleted
7A-76 Deleted
7A-77 Deleted
7A-78 Deleted
7A-79 Deleted
7A-80 Deleted
7A-81 Deleted
7A-82 Deleted
7.A-83 Deleted ____

7.A-84 Deleted ___

7A-85 Deleted
7A-86 Deleted
7A-87 Deleted
7A-88 Deleted
7A-89 Deleted ____

7.A-90 Deleted ____

7.A-91 Deleted

3'

_ _ _ _ _ _ _ _~ ~~ I_ _ I_ I__ _ _ _ _

4 I .1

3.
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UST OF EFFECTIVE PAGES FOR rn-STORM 100 FSAR PROPOSED REVISION 2B

eamae _ Revision |Pae Revision
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CHAPTER 1t: GENERAL DESCRIPTION

1.0 GENERAL INFORMATION

This Final Safety Analysis Report (FSAR) for Holtec International's HI-STORM 100 System is a
compilation of information and analyses to support a United States Nuclear Regulatory Commission
(NRC) licensing review as a spent nuclear fuel (SNF) dry storage cask under requirements specified
in IOCFR72 [1.0.1]. This FSAR describes the basis for NRC approval and issuance of a Certificate
of Compliance (C of C) for storage under provisions of I0CFR72, Subpart L, for the HI-STORM
100 System to safely store spent nuclear fuel (SNF) atan Independent Spent Fuel Storage Installation
(ISFSI). This report has been prepared in the format and content suggested in NRC Regulatory
Guide 3.61 (1.0.2] and NUREG-1536 Standard ReviewPlan forDryCask Storage Systems [1.0.3] to
facilitate the NRC review process.

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

To aid NRC review, additional tables and references have been added to facilitate the location of
information requested by NUREG-1536. Table 1.0.2 provides a matrix of the topics in NUREG-
1536 and Regulatory Guide 3.61, the corresponding IOCFR72 requirements, and a reference to the
applicable FSAR section that addresses each topic.

The HI-STORM 100 FSAR is in full compliance with the intent of all regulatory requirements listed
in Section m of each chapter of NUREG-1 536. 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 of all such items,
along with a discussion of their intent and Holtec International's approach for compliance with the
underlying intent is presented in Table 1.0.3 herein. Table 1.0.3 also contains the justification forthe
alternative method for compliance adopted in this FSAR. The justification maybe in the form of a
supporting analysis, established industry practice, or other NRC guidance documents. Each chapter
in this FSAR provides a clear statement with respect to the extent of compliance to the NUREG-
1536 provisions.:Chapter 1 is in fall compliance with NLJREG-1536; no exceptions are taken.

t This chapter has been prepared in the format and section organization set forth in Regulatory Guide
3.61. However, the material content of this chapter also fulfills the requirements ofNUREG-1536.
Pagination and numbering of sections, figures, and tables are consistent with the convention set down
in Chapter 1, Section 1.0, herein. Finally, all terms-of-art used in this chapter are consistent with the
terminology of the glossary (Table 1.0.1) and component nomenclature of the Bill-of-Materials
(Section 1.5).
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The generic design basis and the corresponding safety analysis of the HI-STORM 100 System
contained in this FSAR are intended to bound the SNF characteristics, design, conditions, and
interfaces that exist in the vast majority of domestic power reactor sites and potential away-from-
reactor storage sites in the contiguous United States. This FSAR also provides the basis for
component fabrication and acceptance, and the requirements for safe operation and maintenance of
the components, consistent with the design basis and safety analysis documented herein. In
accordance with IOCFR72, Subpart K, site-specific implementation of the generically certified HI-
STORM 100 System requires that the licensee perform a site-specific evaluation, as defined in
1 OCFR72.2 12. The HI-STORM 100 System FSAR identifies a limited number of conditions that are
necessarily site-specific and are to be addressed in the licensee's 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 of compliance
with regulatory dose limits. Implementation of a site-specific ALARA program.

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

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

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

• Performance of pre-operational testing.

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

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

HI-STORM FSAR Proposed Rev. 2B
REPORT HI-2002444 1.0-2



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

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

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

1.0.1 Engineering Change Orders

The changes authorized by the following Holtec Engineering Change Orders (ECOs) are reflected in
Revision 1 of this FSAR:

MPC-68/68F/68FF: ECOs 1021-1 through4,7, 8,12 through 16,18 through23, 27 through 30, 33,
34, 36, 38, 39, 41, 43, and 44; and 71188-43.

MPC-24/24E/24EF: ECOs 1022- 1 through 7, 9, 10, 12 through 26, 28, 31, and 34 through 38.

MPC-32: ECOs 1023-1 and 3 through 10.

Ei-STORM overpack: ECOs 1024-1 through 4,6 through 16, 18 through 21,24,25,27 through 38,
42 through 47, 50, 51, 52, 54 through 58, and 60.

IH-TRAC 125 transfer cask- ECOs 1025-1 through 32, 35, and 36.

HI-TRAC 100 transfer cask: ECOs 1026- 1 through 29.

Ancillary Equipment: ECOs 1027-27,31,33,46, and 53.

General FSAR changes: ECOs 5014-36,47,49,50,51,53,54,56,58 through 64,66,67, and 68.

Hn-STORM FSAR Proposed Rev. 2B
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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 aluminurn-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.

Boralf means Boral manufactured by AAR Advanced Structures.

BWR is an acronym for boiling water reactor.

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

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

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

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

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

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

DBE means Design Basis Earthquake.

DCSS is an acronym for Dry Cask Storage System.

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

HI-STORM FSAR Proposed Rev. 2B
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Table 1.0.1

TERMINOLOGY AND NOTATION

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

Design Heat Load is the computed heat rejection capacity ofthelM-STORMsystem with a certified
MPC loaded with CSF stored in uniform storage with the ambient at the normal temperature and the
peakcladdingtemperature (PC) at4OOC. TheDesignHeatLoad is less than the thermal capacity
of the system by a suitable margin that reflects the conservatism in the system thermal analysis.

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

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

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

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

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

FSAR is an acronym for Final Safety Analysis Report (I OCFR 72).

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

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

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

HI-STORM FSAR Proposed Rev. 2B
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Table 1.0.1

TERMINOLOGY AND NOTATION

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

HI-STORM overpack or storage overpack means the cask that receives and contains the sealed
multi-purpose canisters containing spent nuclear fueL It provides the gamma and neutron shielding,
ventilation passages, missile protection, and protection against natural phenomena and accidents for
the MPC. The term "overpack" as used in this FSAR refers to both the standard design overpack
(HI-STORM 100), the alternate design overpack (HI-STORM 100S), and either of these as an
overpack designed for high seismic deployment (HI-STORM 0OOA or HI-STORM 1 00SA), unless
otherwise clarified.

HI-STORM 100 System consists of a loaded MPC placed within the HI-STORM 00overpack.

Holtite-rm is the trade name for all present and future neutron shielding materials formulated under
Holtec International's R&D program dedicated to developing shielding materials for application in
dry storage and transport systems. The Holtite development program is an ongoing experimentation
effort to identify neutron shielding materials with enhanced shielding and temperature tolerance
characteristics. Holtite-Arm 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.

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

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

Independent Spent Fuel Storage Installation (ISFSI) means a facility designed, constructed, and
licensed for the interim storage of spent nuclear fuel and other radioactive materials associated with
spent fuel storage in accordance with IOCFR72.

rn-STORM FSAR Proposed Rev. 2B
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Table 1.0.1

TERMINOLOGY AND NOTATION

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

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

Long-term Storage means the time beginning after on-site handling is complete and the loaded
overpack is at rest in its designated storage location on the ISFSIpad and lasting up to the end of
the licensed life of the Hf-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.

ME TAMICC is a trade nameforan aluminum/boron carbide composite neutron absorber material
qualiftedfor use in the MPCs.

METCON1 m is a trade name for the HI-STORM 100 overpack. The trademark is derived from the
metal-concrete composition of the HI-STORM 100 overpack.

MGDS is an acronym for Mined Geological Disposal System.

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

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

Multi-Purpose Canister (MC) means the sealed canisterwhiehconsistings of a honeycombed fuel
basket for spent nuclear fuel storage, contained in a cylindrical canister shell (the WC Enclosure
Vessel).Which is welded to a baseplate, lid vith welded port cover plate>, and closure ring. MPC is
an acronym for multi purpose canister. There are different MPCs with different fuel basket
geometries for storing PWR or BWR fuel, but all MPCs have identical exterior dimensions. The
MPC is the confinement boundary for storage conditions.

HI-STORM FSAR Proposed Rev. 2B
REPORT }1-2002444 1.0-7
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Table 1.0.1

TERMINOLOGY AND NOTATION

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

Neutron Absorber Material is a generic term used in this FSAR to indicate any neutron absorber
material qualifiedfor 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), water
displacement guide tube plugs, and-orifice rod assemblies, and vibration suppressor inserts.

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

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

Preferential Fuel Loading is a requirement in the CoC applicable to uniform fuel loading wheneve
fuel assemblies with significantly different post irradiation cooling times (! 1 year) are to be loaded
in the same WIPC. Fuel assemblies with the longest post irradiation cooling time are loaded ino fuel
storage locations at the periphery of th basket Fuel assemblies Xith shefte post rrdiation cooling
times are placed toward the center of the basket. Regionalized file loading meets the intent of
prefential fW loading. -ref-rentIal fuel loading is a reqIRment i additin to ;the traitn in
the CoC such as those for nOn fue hardware and damiaged fuel cntainera.

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

PWR is an acronym for pressurized water reactor.

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

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

SAR is an acronym for Safety Analysis Report (lOCFR7 1).

HI-STORM FSAR Proposed Rev. 2B
REPORT HI-2002444 1.0-8



-Table 1.0.1

TERMINOLOGY AND NOTATION

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 maybe much longer tha the Design Life because of the conservatism inherent in the
codes, standards, and procedures used to design, fabricate, operate, and maintain the component.

Short-term Operations means those normal operational evolutions necessary to supportfiel loading
orfuel unloading operations. These include, but are not limited to AMPC cavity rying, helium
backfill, MPC transfer, and onsite handling of a loaded HI TRA C 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(lXa) and (b) of NUREG-0612.

SNF is an acronym for spent nuclear fuel.

SSC is an acronym for Structures, Systems and Components.

STP is Standard Temperature and Pressure conditions.

Thermal Capacity of the HI-STORMsystem is defined as the amount of heat the storage system,
containingan MPCCloadedwith CSFstored in uniformstorage, willactuallyrejectwiththeambient
environment at the normal temperature and the peakfiel cladding temperature (PCM) at 400"C.

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

Threshold Heat Load is the maximum heat load during short-term operating conditions up to
which no time limit or other restriction is imposed on the operating condition.

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

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 preferential fuel loading,
Bnd those applicable to non-fuel hardware, and damaged fuel containers.

ZPA is an acronym for zero period acceleration.

ZR means any zirconium-basedfiuel cladding material authorizedfor use in a commercial nuclear
powerplantreactor. Any reference to Zircaloyfuel cladding in this FSAR applies to anyzirconium-
basedfiel cladding material.

H-STORM FSAR Proposed Rev. 2B
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Table 1.0.2

H-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

Applicable
Regulatory Guide 3.61 Associated NUREG- 10CFR72 ]If-STORM

Section and Content 1536 Review Criteria or 10CFR20 FSAR
Requirement

1. General Descripfion
1.1 Introduction IJILI General Description 1OCFR72.24(b) 1.1

& Operational
Features _

1.2 General Description luMl General Description IOCFR72.24(b) 1.2
& Operational
Features

1.2.1 Cask 1.mLl General Description 10CFR72.24(b) 1.2.1
Character- & Operational
istics Features

1.2.2 Operational I.M.1 General Description 10CFR72.24(b) 1.2.2
Features & Operational

Features
1.2.3 Cask L.1M3 DCSS Contents lOCFR72.2(a)(1) 1.2.3

Contents IOCFR72.236(a)
1.3 Identification of 1 m.4 Qualification of the lOCFR72.24(J) 1.3

Agents & Contractors Applicant IOCFR72.28(a)
1.4 Generic Cask Arrays 1.I1 General Description lOCFR72.24(c)(3) 1.4

& Operational
Features

1.5 Supplemental Data I.2 Drawings lOCFR72.24(c)(3) 1.5
NA 1.11.6 Consideration of lOCFR72.230(b) 1.1

Transport IOCFR72.236(m)
Requirements

NA 1.111.5 Quality Assurance IOCFR72.24(n) 1.3
2. Principal Design Cnteria

2.1 Spent Fuel To Be 2.HI.2.a Spent Fuel 1OCFR72.2(a)(1) 2.1
Stored Specifications 1OCFR72.236(a)

2.2 Design Criteria for 2.M12.b External
Environmental Conditions, 10CFR72.122(b) 2.2
Conditions and 2.M.3.b Stuctural, IOCFR72.122(c) 2.2.3.3,22.3.10
Natural Phenomena 2.JIT.3.c Thermal *F12

lOCFR72. 122(b)
(1) 2.2
lOCFR72.122(b)
(2) 2.2.3.11
lOCFR72.122(h)
(1) 2.0

HI-STORM FSAR
REPORT H11-2002444

Proposed Rev. 2B
1.0-10



Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

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

Requirement
2.2.1 Tornado and 2311.2.b External Conditions 10CFR72.122(b) 2.2.35

Wind (2)
Loading ._.

2.2.2 Water Level 2.M.2.b External Conditions 10CFR72.122(b) 2.2.3.6
(Flood) (2)

2.M.3.b Structural -

2.2.3 Seismic 2.111.3.b Structural 10CFR72.102(f) 2.2.3.7
10CFR72.122(b)
(2)

2.2.4 Snow and Ice 2.m.2.b External Conditions 100FR72.122(b) 2.2.1.6

2.M.3.b Structural
2.2.5 Combined 2.M.3.b Structural 10CFR72.24(d) 2.2.7

Load 1OCFR72.122(b)
X : ~~~~~~~~~~~(2)(ii)--

NA 2.111.1 Structures, Systems, IOCFR72.122(a) 2.2.4
and Components - OCFR72.24(c)(3)
Important to Safety _

NA 2.m.2 Design Criteria for 10CFR72.236(g) 2.0, 2.2
Safety Protection IOCFR72.24(c)(1)
Systems 1OCFR72.24(c)(2)

1OCFR72.24(c)(4)
IOCFR72.120(a)
IOCFR72.236(b) _

NA 2J1.3.c Thermal 10CFR72.128(a) 2.3.2.2,4.0
(4)

NA 2.JI13f Operating IOCFR72.24(f) 10.0, 8.0
Procedures 10CFR72.128(a)

(5)
10CFR72.236(h) 8.0

1OCFR72.24(1)(2) 1.2.1, 12.2

IOCFR72.236(1) 2.3.2.1

10CFR72.24(e) 10.0, 8.0
1OCFR72.104(b)

2.M.3.g Acceptance 10CFR72.122(1) 9.0
Tests & 10CFR72.236(g)
Maintenance IOCFR72.122(f)

10CFR72.128(a)

2.3 Safety Protection _ _ 2.3

HI-STORM FSAR
REPORT HI-2002444

Proposed Rev. 2B
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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 Il-STORM
Section and Content 1536 Review Criteria or 10CFR20 FSAR

Requirement

2.3.1 General __ 2.3
2.3.2 Protection by 2.M.3.b Structurl IOCFR72.236(l) 2.3.2.1

Multiple 2.M.3.c Thermal 1OCFR72.236() 2.3.2.2
Confinement
Barriers and 2.IllL3.d Shieldingt IOCFR72.126(a) 2.3.5.2
Systems Confinement( IOCFR72.128(a)

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

(3)
lOCFR72.236(d) 2.3.2.1,2.3.5.2

IOCFRt72.236(e) 2.3.2.1

23.3 Protection by 2.11L3.d Shielding/ 10CFR72.122(h) 2.3.5
Equipment & Confinementl (4)
Instrument Radiation IOCFR72.122(i)
Selection Protection lOCFR72.128(a)

(I)

2.3.4 Nuclear 2.M.3.e Criticality
Criticality lOCFR72.124(a) 2.3.4,6.0
Safety lOCFR72.236(c)

IOCFR72.124(b)
2.3.5 Radiological 2.m.3.d Shielding/ IOCFR72.24(d) 10.4.1

Protection Confinement/ 1OCFR72.104(a)
Radiation lOCFR72.236(d)
Protection IOCFR72.24(d) 10.4.2

lOCFR72.106(b)
1OCFR72.236(d)
IOCFR72.24(m) 2.3.2.1

2.3.6 Fire and 2.11.3.b Structual 1OCFR72.122(c) 2.3.6,2.2.3.10
Explosion
Protection

2.4 Decommissioning 2.M.3.h Decommissioning lOCFR72.24(f) 2.4
Considerations lOCFR72.130

IOCFR72.236(h)
1411..1 Design 10CFR72.130 2.4
14.m.2 Cask 1OCFR72.236(i) 2.4

Decontamination

Hl-STORM FSAR
REPORT HI-2002444
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Table 1.0.2 (continued)

rn-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

Applicable
Regulatory Guide 3.61 Associated NUREG- 10CER72 HI-STORM
Section and Content 1536 Review Criteria or 1OCFR20 FSAR

Requirement
14.1113 Financial 10CFR72.30

Assurance &
Record Keeping _

14114 License 10CFR72.54
Termination -

3. Structural Evaluation
3.1 Structural Design 3m LI SSC Importantto 10CFR72.24(cX3) 3.1

Safety 10CFR72.24(cX4)

3.116 Concrete Structures 10CFR72.24(c) 3.1

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

3.3 Mechanical 3.V.l.c Structural Materials 10CFR72.24(c)(3) 3.3

Properties of 3.V.2.c Structural Materials
M aterials__ _ _ _ _ _ _ _ _ _ _ _ _ _ _

NA 3.11L2 Radiation 10CFR72.24(d) 3.4.4.3
Shielding, 10CFR72.124(a) 3.4.7.3
Confinement, and l0CFR72.236(c) 3.4.10
Subcriticality 10CFR72.236(d)

10CFR72.236(1)
NA 31.3 Ready Retrieval IOCFR72.122(f) 3.4.4.3

10CFR72.122(h)
10CFR72.122(1)

NA 3.111.4 Design-Basis 10CFR72.24(c) 3.4.7
Earthquake 1OCFR72.102(f)

NA 3.1.5 20 Year Minimum 10CFR72.24(c) 3.4.11
Design Length 1OCFR72.236(g) 3.4.12

3.4 General Standards for _ 3.4
Casks
3.4.1 Chemical and 3.V.1h.2 Structural _ 3.4.1

Galvanic Design Features
Reactions

3.4.2 Positive _ 3.4.2
Closure

3.4.3 Lifting 3.V.1.ii(4)(a) Trunnions _ 3.4.3,
Devices _ffondices 3B,

3AG, &D

rn-STORM FSAR
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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 1OCFR72.24(d) 3.4.4,
IOCFR72.122(b) Ax

3.-U, 3.11, 3.W

3.4.5 Cold 3.V.l.d Structural Analysis 10CFR72.24(d) 3.4.5
1OCFR72.122(b)

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

4. Thermal Evaluation ___
4.1 Discussion 4.M Regulatory 1OCFR72.24(c)(3) 4.1

Requirements lOCFR72.128(a)
(4)
1OCFR72.236(f)
1OCFR72.236(h)

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

4.3 Specifications for 4.1V Acceptance Criteria 10CFR72.122(h) 4.3
Components ISG-11 Revision 2 A)

4.4 Thermal Evaluation 4.1V Acceptance Criteria 10CFR72.24(d) 4.4,4.5
for Normal ISG-I, Revision 2 10CFR72.236(g)
Conditions of Storage

NA 4.IV Acceptance Criteria I0CFR72.24(d) 11.1,11.2
OlCFR72.122(c)_

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

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

Results 10CFR72.106(b)

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

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

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

I
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

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

Section and Content 1536 Review Criteria or 10CFR20 FSAR
Requirement

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

5.3.1 Description 5.V.3.a Configuration of the 10CFR72.24(cX3) 5.3.1
of the Radial Shielding and Source
and Axial
Shielding
Configura-
tions

5.3.2 Shield 5.V.3.b Material Properties 10CFR72.24(c)(3) 5.32
Regional
Densities

5.4 Shielding Evaluation 5.VA Shielding Analysis 10CFR72.24(d) 5.4
. 0CFR72.104(a)
10CFR72.106(b)
lOCFR72.128(a)
(2)
10CFR72.236(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
Specificationi

6.3.1 Description 6.V.3.a Configuration 6.3.1
of Calcula- 1OCFR72.124(b)
tional Model IOCFR72.24(cX3)

6.3.2 Cask 6.V.3.b Material Properties 10CFR72.24(cX3) 6.3.2
Regional 10CFR72.124(b)
Densities 1 0CFR72.236(g)

6.4 Criticality 6.VA Criticality Analysis 10CFR72.124 6.4
Calculations
6.4.1 Calculational 6.V.4.a Computer Prgrams 10CFR72.124 6.4.1

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

HI-STORM FSAR
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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 or10CFR20 FSAR
Requirement

6.4.2 Fuel Loading 6.V3.a Configuration 6.4.2, 6.3.3
or Other
Contents
Loading
Optimization

6.4.3 Criticality 6.IV Acceptance Criteria 10CFR72.24(d) 6.1,6.2,6.3.1,
Results 1OCFR72.124 63.2

IOCFR72.236(c)

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

6.4.3

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

7. Confinement
7.1 Confinement 7.I.1 Description of IOCFR72.24(cX3) 7.0,7.1

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

ISG-18
7.1.1 Confinement 7.M.2 Protection of Spent 10CFR72.122(h) 7.1, 7.1.1, 7.2.2

Vessel Fuel Cladding a)
7.1.2 Confinement _ _ 7.1.2

Penetrations

7.1.3 Seals and _ 7.1.3
Welds

7.1.4 Closure 7J.3 Redundant Sealing 10CFR72.236(e) 7.1.1,7.1.4

7.2 Requirements for 7.111.7 Evaluation of 10CFR72.24(d) 7.21
Normal Conditions of Confinement System 1OCFR72.236(l)
Storage ISG-18

7.2.1 Release of 7.11.6 Release of Nuclides 10CFR72.24(1 Xl) 7.21
Radioactive to the Environment

I
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Table 1.0.2 (continued)

H-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

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

Requirement
Material 7.m4 Monitoring of IOCFR72.122(h) 7.1A

Confinement System (4)
IOCFR72.128(a)

7.111.5 Instrumentation 1OCFR72.24(1) 7.1.4
_OCFR72.122(i)

71.8 Annual Dose 10CFR72.104(a) 347.1
.__ __ __ ___ __ _ ISG-18 .

7.2.2 Pressurization 7.2.27.1
of
Confinement
Vessel

73 Confinement 71117 Evaluation of 1OCFR72.24(d) q47.1
Requirements for Confinement System lOCFR72.122(b)
Hypothetical ISG-18 lOCFR72.236(1)
Accident Conditions
7.3.1 Fission Gas 7_447.1

Products
7.3.2 Release of -ISG-18 74.7.1

Contents
NA _ 1OCFR72.106(b) 747.1

7.4 Supplemental Data 7.V Supplemental Info. _

8. Operating Procedures
8.1 Procedures for 83111 Develop Operating 10CFR72.40(aX5) 8.1 to 8.5

Loading the Cask Procedures
8.m.2 Operational lOCFR72.24(e) 8.1.5

Restrictions for 10CFR72.104(b)
ALARA _

8.u.3 Radioactive Effluent 1OCFR72.24(1)(2) 8.1.5, 8.5.2
Control _

8.M.4 Written Procedures IOCFR72.212(b) 8.0
. ... ~~~~~(9)

811.5 Establish Written lOCFR72.234(f) 8.0
Procedures and Tests Introduction

I

I

I
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Table 1.0.2 (continued)

rn-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

81M.6 Wet or Dry Loading IOCFR72.236(h) 8.0
and Unloading Introduction

omabilitq
.SJ.7 Cask Design to IOCFR72.236(i) 8.1, 8.3

Facilitate Decon
8.2 Procedures for 8.11.1 Develop Operating lOCFR72.40(aX5) 8.3

Unloading the Cask Procedures
81.2 Operational IOCFR72.24(e) 8.3

Restrictions for lOCFR72.104(b)
ALARA

8.111.3 Radioactive IOCFR72.24(1X2) 8.3.3
Effluent Control

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

8.11.5 Establish Written 1OCFR72.234(f) 8.0
Procedures and Tests

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

8.11.8 Ready Retrieval IOCFR72.122(l) 8.3
8.3 Preparation of the _ 8.3.2

Cask
8.4 Supplemental Data _ Tables 8.1.1 to

8.1.10
NA 8.111.9 Design to Minimize 10CFR72.24Qf) 8.1, 8.3

Radwaste 1OCFR72.128(a)
(5)

8.JIL1O SSCs Permit IOCFR72.122(f) Table 8.1.6
Inspection,
Maintenance, and
Testing

9. Acceptance Criteria and Maintenance Program
9.1 Acceptance Criteria 9.1.1.aPreoperational IOCFR72.24(p) 8.1, 9.1

Testing & Initial
Operations

9.l1.1.c SSCs Tested and IOCFR72.24(c) 9.1
Maintained to 1OCFR72.122(a)
Appropriate Quality
Standards

9.M.1.dTestProgram IOCFR72.162 9.1
9.I11.Le Appropriate Tests IOCFR72.236(1) 9.1

1H-STORM FSAR
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Table 1.0.2 (continued)

I-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

9JMl.f Inspection for 1OCFR72.236G) 9.1
Cracks, Pinholes,
Voids and Defects

9JILl.g Provisions that 1OCFR72.232(b)
Permit Commission
Tests

9.2 Maintenance 91H.1bMaintenance IOCFR72.236(g) 9.2
Program 9.ILI.L.cSSCs Tested and IOCFR72.122(f) 9.2

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

9IJL1.hRecords of 1OCFR72.212(b) 9.2
Maintenance (8)

NA 9.1112 Resolution of Issues IOCFR72.24(i) )

Concerning
Adequacy of
Reliability __ _

9.M.1.d Submit Pre-Op Test IOCFR72.82(e) (4)

Results to NRC
-91.l.i Casks IOCFR72.236(k) 9.1.7, 9.1.1.(12)

Conspicuously and
Durably Marked

-9J1.3 Cask Identification
10-.Radiation Protection

10.1 Ensuring that 10JIL4 ALARA I OCFR20.1 101 10.1
Occupational 10CFR72.24(e)
Exposures are as Low lOCFR72.104(b)
as Reasonably IOCFR72.126(a)
Achievable
(ALARA) _ _

10.2 Radiation Protection lO.V.l1.b Design Features lOCFR72.126(a)( 10.2
Design Features 6)
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Table 1.0.2 (continued)

MI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

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

Section and Content 1536 Review Criteria or 10CFR20 FSAR
Requirement

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

1OCFR20.1301

N/A 10.113 Public Exposure 10CFR72.104 10.4
IOCFR72.106

10111.1 Effluents and Direct 1OCFR72.104
Radiation

11. Accident Analyses
11.1 Off-Normal Operations l.1L2 Meet Dose Limits 1OCFR72.24(d) 11.1

for Anticipated 1OCFR72.104(a)
Events 10CFR72.236(d)

I IIA.4 Maintain 10CFR72.124(a) 11.1
Subcritical IOCFR72.236(c)
Condition

I IiJ[.7 Instrumentation and 1OCFR72.122(i) 11.1
Control for Off-
Normal Condition

11.2 Accidents 1 .MI.1I SSCs Important to 10CFR72.24(dX2) 11.2
Safety Designed for 10CFR72.122b(2)
Accidents 1OCFR72.122b(3)

IOCFR72.122(d)
10CFR72.122(g)

1 .m1.5 Maintain 1OCFR72.236(1) 11.2
Confinement for
Accident

I I.E[l.4 Maintain 1OCFR72.124(a) 11.2, 6.0
Subcritical IOCFR72.236(c)
Condition

11 .11.3 Meet Dose Limits 10CFR72.24(d)(2) 11.2, 5.1.2, 7.3
for Accidents 10CFR72.24(m)

IOCFR72.106(b)
I m.6 Retrieval 1OCFR72.122(1) 8.3
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Table 1.0.2 (continued)

rn-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

11IM.7 Instnimentation and lOCFR72.122(i)
Control for Accident
Conditions -

NA II .11.8 Confinement 10CFR72.122h(4) 7.1A
Monitoring

12. Operating Controls and Limits
12.1 Proposed Operating 10CFR72.44(c) 12.0

Controls and Limits 12M.1.e Administrative 10CFR72.44(c)(5) 12.0
Controls

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

Specifications 1OCFR72 Subpart E
IOCFR72 Subpart F

12.2.1 Functional 12.1M1.a Functional/ 1OCFR72.44(cXl) Appendix 12.A
and Operating Units,
Operating Monitoring
Limits, Instruments and
Monitoring Limiting Controls
Instruments,
and Limiting
Control
Settings _ X

12.2.2 Limiting 12.m.1.b Limiting Controls 1OCFR72.44(cX2) Appendix 12A
Conditions 12.m.2.a Type of Spent Fuel 10CFR72.236(a) Appendix 12A
for 12M.2.b Enrichment
Operation 12.m.2.c Bumup

12.I11.2.d Minimum
Acceptance
Cooling Time _

12M.2.f Maximnum Spent
Fuel Loading Limit
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Table 1.0.2 (continued)

rn-STORM 100 SYSTEM FSAR REGULATORY COMPLIANC1E
CROSS REFERENCE MATRIX

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

Requirement
12.IlL2g Weights and

Dimensions
12M.2.h Condition of

Spent Fuel
12.I.2e Maximum Heat lOCFR72.236(a) Appendix 12.A

Dissipation_
12DL2.i Inerting lOCFR72.236(a) Appendix 12.A

Atmosphere
Requirements

12.2.3 Surveillance 12.II1.c Surveillance 10CFR72.44(cX3) Chapter 12
Specifications Requirements

12.2.4 Design 12.. l.d Design Features lOCFR72.44(cX4) Chapter 12
Features

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

NA 12.IIL2 SCC Design Bases 10CFR72.236(b) 2.0
and Criteria

NA 12.11.2 Criticality Control lOCFR72.236(c) 2.3.4, 6.0
NA 12.11.2 Shielding and IOCFR20 2.3.5,7.0,5.0,

Confinement 10CFR72.236(d) 10.0
NA 12.11.2 Redundant Sealing 10CFR72.236(e) 7.1,2.3.2
NA 12.m.2 Passive Heat 10CFR72.236(f) 2.3.2.2, 4.0

Removal
NA 12.1.2 20 Year Storage and 10CFR72.236(g) 1.2.1.5,9.0,

Maintenance 3.4.10,3.4.11
NA 12L.2 Decontamination 10CFR72.236(i) 8.0,10.1

NA 12.11.2 Wet or Dry Loading IOCFR72.236(b) 8.0
NA 12.11.2 Confinement 10CFR72.236(j) 9.0

Effectiveness
NA 12.11.2 Evaluation for 10CFR72.236(1) 7.1, 7.2, 9.0

Confinement
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

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

:__ _ _ _ _ _ __ Requirement
. 13. Quality Assurance

13.1 Quality Assurance 13M Regulatory 10CFR72.24(n)
13 Requirements 1OCFR72.140(a) 13.0
13.IV Acceptance Criteria 10CFR72, Subpart

G -

I

Notes:

°) 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.

a2) It is assumed that approval of the FSAR by the NRC is the basis for the Commission's acceptance
of the tests defined in Chapter 9.

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

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

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 IOCFR20 regulatory
requirement, or the item is not addressed in the FSAR.

"NA" There is no Regulatory Guide 3.61 section that corresponds to the NUREG-1536, 10CFR72, or
IOCFR20 requirement being addressed.
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Table 1.0.3

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

NUREG-1536 Requirement Alternate Method to Meet Justificationi
____ ____ ___ ____ ___ ____ ___ ____ ___NUREG-1536 Intent

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

temperature to establish long-term fuel cladding
integrity, the annual average ambient temperature for
each ISFSI site should be below 807F. The large
thermal inertia of the HI-STORM 100 System
ensures that the daily fluctuations in temperatures do
not affect the temperatures of the system.
Additionally, the 80VF ambient temperature is
combined with insolation in accordance with
I OCFR71.71 averaged over 24 hours.

2.V.2.(b)(3)(f) "I OCFR Part 72 identifies Clarification: A site-specific safety In accordance with NUREG-1 536, 2.V.(b)(3)(f), if
several other natural phenomena events analysis of the effects of seiche, seiche, tsunami, and hurricane are not addressed in
(including seiche, tsunami, and hurricane) that tsunami, and hurricane on the HI- the SAR and they prove to be applicable to the site, a
should be addressed for spent fuel storage." STORM 100 System must be safety analysis is required prior to approval for use of

performed prior to use if these the DCSS under either a site specific, or general
events are applicable to the site. license.
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Table 1.0.3 (continued)

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

(

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

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

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

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

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

of the compressive strength of the
3.V.2.c.i, Page 3-22, Para. 3, "Materials and plain concrete. To ensure the quality of the shielding concrete, all
material properties used for the design and relevant provisions of ACT 349 are imposed as
construction of reinforced concrete structures clarified in Appendix I .D. In addition, the
important to safety but not within the scope of temperature limits for normal and off-normal
AC! 359 should comply with the requirements condition from ACl 349 will be imposed.
of AC! 349".
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Table 1.0.3 (continued)

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

NUREG-1536 Requirement Alternate Method to Meet Justification
____ ____ ___ ____ ___ ____ ___ ____ ___N U R E G -1536 Intent _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

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

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

(Docket Number 72-1008) previously reviewed and
approved by the USNRC.

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

a single peakfuel cladding 400C. All major variations in fuel parametrs amre
4.V. 1, Page 4-3, Para. I "the staff should verify temperature limit. have bee enaidered in the determination of the peak fuel
that cladding temperatures for each fuel type eyaluwted for the peak fuel cladding ldding temperature limits. Minre variationE in fuel
proposed for storage will be below the expected tempea limi. parumetero within an array type ore beunded by the
damage thresholds for normal conditions of eonaervative determination of the peak fuel cladding
storage." teEperatue limit.

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

4.V. 1, Page 4-3, Para. 4 "the applicant should
verify that these cladding temperature limits are
appropriate for all fuel types proposed for
storage, and that the fuel cladding temperatures
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Table 1.0.3 (continued)

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

(

NUREG-1536 Requirement Alternate Method to Meet Justification
____ ____ ___ ____ ___ ____ ___ ____ ___N U R E G -1536 Intent

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. 3 "applicants seeking Exceotion: The natral onvection The HI-STORM System FLUENT computational
NRC approval of specific internal convection model described in Subsection fluid dynamics model has been benchmarked against
models should propose, in the SAR, a 41..1. is booed on classioal data from an in-service spentfuel storage cask and
comprehensive test program to demonstrate the eorrelations for natural cenvetienf very good agreement was found.Many experimental
adequacy of the cask design and validation of in differentially heated eavitiea osudics of this mczhanism have boon performend by
the convection models." which have been validated by many others and rored in open liter Asre source. As

experimental studics. Theriefor4e, diearcoed in u n 1, atufol eonveetion has
RNo additional test program is been limited to the relatively large MPC basket to
proposed. shell peripheral gaps. Subseetion 4.1.1 provides

sufficient referenocs to experiments which document
the validity of tho olasinal ecrrelatien used in the

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

cladding temperatures are then used minimizing the temperature difference
to determine the corresponding peak conservatively maximizes the basket wall
basket wall temperatures using a temperature.
finite-element based update of
Wooten-Epstein (described in
Subsection 4.4.1.1.2)
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Table 1.0.3 (continued)

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

NUREG-1536 Requirement Alternate Method to Meet Justification
____ ____ ____ ____ ____ ____ ____ ___N U R E G -1536 _Intent _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Clarification: As J rbcd in Duo to the large number of gaps in the rmos
*4.4.b, Page 4 7, Pam. 2 "if die therW Mad m ed Subszticn 4.4a.1dv4, the axial r cetional heat trawnfr paths, use oF the fuel basket
j I a ~icyrnmotriO or throe difneneiinal, the thermal eonductivity of the fuel crovss setional thermal conduativity for the axial
lenIgit*dinal themial eonduetivity shoul basket io set eqal toe c res temal cnduetinvity AOVerly uVn drprdictS t Mia1
generally be limited to the eonductivity of the seetional thonal eonduetivity. thermal conduetivity of the fuel basket region. This
eladding (weighted-raetioefal ma) withift the imposed axial thermal conductivity restriction is
fuel assembly-." more limiting thain that imp6osd by this

reouirement ofNURG 1536.

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

Subsection 4.4.1.1.2, use nominal values and are demonstrated to be conservative by a
fuel design dimensions, neglecting substantial margin.
wall thinning associated with high
burnup.

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

which uses a discretized numerical solution
algorithm, enforces an energy balance on all
discretized volumes throughout the computational
domain. This solution method, therefore, ensures a
heat balance at the surface of the cask.
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Table 1.0.3 (continued)

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

(

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

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

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

4.V.5.c, Page 4-10, Pam. 3 "free volume Exception: All free volume Caloulating the volume osoupied by the MPC internals
calculations should account for thermal calculations use nominal (i.e., fuel assemblies, fuel basket, etc.) using maximum
expansion of the cask internal components and confinement bound dimensions weights and minimum densities oonservatively
the fuel when subjected to accident with the results reduced by 5% to ovzrpredicts the voluma couepiod by the internl
temperatures. tccountfor thermal ex ansyon.thMP reduction underpredicts the remaining free volume.

the YePlum eAAeuid by th 7AQPG

internals (i.e., fuel assemblies, fuel
basket, eta.) arc saloulated using

maximum weights and minimufm
densities.

7.V.4.o, Page 7 7, Prnm. 2 and 3 '"Beause the Exception: As described in Section 7.3, The MPC uses redundant closures to assure that there is
leak is assumed to be instantaneous, the plume in lieu of an instantaneous release, the no release of radioactive materials under all credible
meandering factor of Regulatory Guide 1.1 45 is assumed leakage rate is set equal to th conditions. Analyses presented in Chapters 3 and 1 1
not' t 'pieally applied." and "Note that for an leakage rate acceptance criteria (demonstrate that the confinement boundary does not
instantanoou^ rave- {Insta~ane atm-onto) plus 50% for conservatismn, degrade under all normal, off-normal, and accident

p tetime tand individual rem wioh yields 7.54*4f-ah-em& conditions. Multiple inspection methods are used to verify
atpesu t e t e t me ara boun i snotdal facins Be cause the release is assumed to be a the integrity of the confinement boundary (e.g., heliumat teBAa nA~t AA iAiy fis hat fA'-. ifAtA Aleakage rate, the idivdual Ms assumed leaknge, hydrostatic, and volumetric weld inspeotionnon-

the dose calculation." to be at the controlled area boundary for destructive examination, pressure testing, andfabrication
7. V.4 "Confinement Analysis. Review the 720 hours. Additionally, th' shop leakage testing).
applicant's confinement analysis and the atmespheric dispersion factors of
resulting annual dose at the controlled area Regulator; Guide 145 are applied.No Pursuant to ISG-18. the Holtec MPC is constructed in a
boundary." confinement analysis is performed and manner that supports leakage from the confinement

no effluent dose at the controlled area boundary being non-credible. Therefore, no confinement
boundary is calculated. analysis is required.
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Table 1.0.3 (continued)

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

NUREG-1536 Requirement Alternate Method to Meet Justification
________________________________NUREG-1536_Intent ______________________

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

NB, Article NB-5332 will be used alternative approach..." The ASME Code, Section
for the acceptance criteria for the III, Subsection NB, Paragraph NB-5332 is
volumetric examination of the MPC appropriate acceptance criteria for pre-service
lid-to-shell weld, examination.

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

probing with neutron sources. with written, approved, and qualified special process
probing ~~~~~~~procedures.

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

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

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

reference rather than describing the 10 CFR 72.140(d), Holtec will apply this. QA
Holtec QA program in detail. program to all important-to-safety dry storage cask

activities. Incorporating the Holtec QA Program
Manual by reference eliminates duplicate
documentation.
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Table 1.0.3 (continued)

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

(

NUREG-1536 Requirement NUREGMt536 Intent Jusflflcaton
ISG 15, Sootion X.5.4.2, "No more thnn 1% of The Fuel Cladding Oxide Thicso e FSAR Appendix 4.A, Seetien 4.A.9 previdoe the
the rods in ea sssemb have peak elalding Evalution Progrm in SeetiAn 5.0_ jutifleatien fcr this deviation fAr. NUREG 1536*
oxide thielmnesse greater than go miorometers of Appendix A to the CoC prevides (fSG 15).
and no more than 3%oRf the rods in an a:seebl.y an equation te ealcuflate the
hayc peak lladding oxide thiocessc gecatcr maximum allowable high bdmup
than 70 mifromctem. A high bumup fitel fuol cladding oxide thickneec, based
aoemly should be treated acs ptentialyl on fuel naeeml tp
damaged fuel if the assembly dees not meet
both of the aboe oriterin of if tho fue' a9embbly
contains fuel rvds with oxide that has become
detached cr sea ed fromth cl adding.
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1.1 INTRODUCTION

HI-STORM 100 (acronym for Holtec International Storage and Transfer Qperation Reinforced
Module) is a spent nuclear fuel storage system designed to be in full compliance with the
requirements of 10CFR72. The annex "100" is a model number designation which denotes a system
weighing over 100 tons. The HI-STORM 100 System consists of a sealed metallic canister, herein
abbreviated as the "MPC", contained within an overpack. Its design features are intended to simplify
and reduce on-site SNF loading, handling, and monitoring operations, and to provide for radiological
protection and maintenance of structural and thermal safety margins.

The HI-STORM IOOS overpack is a variant of the HI-STORM 100 overpack and has its own set of
drawings in Section 1.5. The "S" suffix indicates an enhanced overpack design, as described later in
this section. The HI-STORM IOOS accepts the same MPCs and fuel types as the HI-STORM 100
and the basic structural, shielding, and thermal-hydraulic characteristics remain unchanged.
Hereafter in this FSAR reference to HI-STORM 100 System or the E-STORM overpack is
construed to apply to both the HI-STORM 100 and the Hl-STORM IOOS. Where necessary, the text
distinguishes between the two overpack designs. See Figures 1.1. lA and 1.1 3A for a pictorial view
of the HI-STORM 100S overpack design.

The HI-STORM 100A overpack is a third variant of the HI-STORM 100 family 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 ofthe HI-STORM 100A, in
each of four quadrants, is denoted as a "sector lug." The HI-STORM I OOA design is also applicable
to the HI-STORM 100S overpack, in which case the assembly would be named HI-STORM IOOSA.
Hereafter in the text; discussion of HI-STORM 100A applies to both the standard (HI-STORM
1OOA) and short (I-STORM IOOSA) overpacks, unless otherwise clarified.

The HI-STORM 100 System is designed to accommodate a wide variety of spent nuclear fuel
assemblies in a single overpack design by utilizing different MPCs. The external dimensions of all
MPCs are identical to allow the use of a single overpack. Each of the MPCs has different internals
(baskets) to accommodate distinct fuel characteristics. Each MPC is identified by the maximum
quantity of fuel assemblies it is capable of receiving. The MPC-24, MPC-24E, and MPC-24EF
contain a maximum of24 PWR fuel assemblies; the MPC-32 and MP C-32F contains a maximum of
32 PWR fuel assemblies; and the MPC-68, MPC-68F, and MPC-68FF contain a maximum of 68
BWR fuel assemblies.

The HI-STORM overpack is constructed from a combination of steel and concrete, both of which
are materials with long, proven histories of usage in nuclear applications. The HI-STORM overpack
incorporates and combines many desirable features of previously-approved concrete and metal
module designs. In essence, the HI-STORM overpack is a hybrid of metal and concrete systems,
with the design objective of emulating the best features and dispensing with the drawbacks of both.
The HI-STORM overpack is best referred to as a METCONoT (metal/concrete composite) system.
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Figures 1.1.1 and 1.1.1A showtheEI-STORM 100 with two of its majorconstituents, the MPC and
the storage overpack, in a cut-away view. The MPC, shown partially withdrawn from the storage
overpack, is an integrally welded pressure vessel designed to meet the stress limits of the ASME
Boiler and Pressure Vessel Code, Section =I, Subsection NB [1.1.1]. The MPC defines the
confinement boundary for the stored spent nuclear fuel assemblies with respect to lOCFR72
requirements and attendant review considerations. The HI-STORM 100 storage overpack provides
mechanical protection, cooling, and radiological shielding for the contained MPC.

In essence, the HI-STORM 100 System is the storage-nly 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
of both lOCFR71 and lOCFR72 for transportation and storage, respectively, the HI-STORM 100
System allows rapid decommissioning of the ISFSI by simply transferring the loaded MPCs 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 100 overpack is equipped with large penetrations near its lower and
upper extremities to permit natural circulation of air to provide for the passive cooling of the WC
and the contained radioactive material. The HI-STORM overpack is engineered to be an effective
barrier against the radiation emitted by the stored materials, and an efficiently configured
metal/concrete composite to attenuate the loads transmitted to the MPC during a natural phenomena
or hypothetical accident event Other auxiliary functions of the HI-STORM 100 overpack include
isolation of the SNF from abnormal environmental or man-made events, such as impact ofa tornado
borne missile. As the subsequent chapters of this FSAR demonstrate, the HI-STORM overpack is
engineered with large margins of safety with respect to cooling, shielding, and mechanical/structural
functions.

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

The information presented in this report is intended to demonstrate the acceptability of the HI-
STORM 100 System for use under the general license provisions of Subpart K by meeting the
criteria set forth in 1OCFR72.236.

The modularity ofthe HI-STORM 100 System accrues several advantages. Different MPCs, identical
in exterior dimensions, manufacturing requirements, and handling features, but different in their SNF
arrangement details, are designed to fit a common overpack. Even though the different MPCs have
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fundamentally identical design and manufacturing attributes, qualification of Hl-STORM 100
requires consideration of the variations in the characteristics of the MPCs. In most cases, however, it
is possible to identify the most limiting MPC geometry and the specific loading condition for the
safety evaluation, and the detailed analyses are then carried out for that bounding condition. In those
cases where this is not possible, multiple parallel analyses are performed.

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

For example:

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

* The HI-STORM overpack can be loaded with a loaded MPC using the HI-TRAC transfer
cask inside the 10CFR50 [1.1.4] facility, prepared for storage, transferred to the ISFSL and
stored in a vertical configuration, or directly loaded using the HI-TRAC transfer cask at or
nearby the ISFSI storage pad.

The version of the HISTORM 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 100A are presented in
the drawing and BOM contained in Section 1.5. Users may employ a double nut arrangement as an
option. The HI-STORM IOOA overpack will be deployed at those ISFSI sites where the postulated
seismic event (defined by the three orthogonal ZPAs) exceeds the maximum limit permitted for free-
standing installation. The design of the ISFSI pad and the embedment are necessarily site-specific
and the responsibility of the ISFSI owner. These designs shall be in accordance with the
requirements specified in Appendix 2.A. The jurisdictional boundary between the anchored cask
design and the embedment design is defined in Table 2.0.5. Additional description on the HI-
STORM 100A configuration is provided in Subsection 1.2.1.2.1.

The MPC is a multi-purpose SNF storage device both with respect to the type of fuel assemblies and
its versatility of use. The MPC is engineered as a cylindrical prismatic structure with square cross
section storage cavities. The number of storage locations depends on the type of fuel. Regardless of
the storage cell count, the construction of the MPC is fundamentally the same; it is built as a
honeycomb of cellular elements positioned within a circumscribing cylindrical canister shell. The
manner of cell-to-cell weld-up and cell-to-canister shell interface employed in the MPC imparts
extremely high structural stiffness to the assemblage, which is an important attribute for mechanical
accident events. Figure 1.1.2 shows an elevation cross section of an MPC.

The MPC is identical to those presented in References [1.1.2] and [1.1.3], except for MPC-24E,
24EF, 32, 32F and 68FF, until such time as those CoCs are amended to include these additional
MPC models. Referencing these documents, as applicable, avoids repetition of information on the
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J,)
MPCs which is comprehensively set forth in the above-mentioned Holtec International documents
docketed with the NRC. However, sufficient information and drawings are presented in this report to
maintain clarity of exposition of technical data.

The HI-STORM storage overpack is designed to provide the necessary neutron and gamma shielding
to comply with the provisions of I OCFR72 for dry storage of SNF at an ISFSL Cross sectional views
of the HM-STORM storage overpacks are presented in Figures 1.1.3 and 1. .3A. A HI-TRAC transfer
cask is required for loading of the MPC and movement of the loaded MPC from the cask loading
area of a nuclear plant spent fuel pool to the storage overpack. The HI-TRAC is engineered to be
emplaced with an empty MPC into the cask loading area of nuclear plant spent fuel pools for fuel
loading (or unloading). The HI-TRACAMPC assembly is designed to preclude intrusion of pool water
into the narrow annular space between the H-TRAC and the MPC while the assembly is submerged
in the pool water. The HI-TRAC transfer cask also allows dry loading (orunloading) of SNF into the
MC.

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

* minimize handling of the SNF;

* provide shielding and physical protection for the MPC;

* permit rapid and unencumbered decommissioning of the ISFSI;

• require minimal ongoing surveillance and maintenance by plant staff,

* minimize dose to operators during loading and handling;

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

1.2.1 SEystem Characteristics

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

The HI1-STORM 100 System is comprised ofthree discrete components:

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

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

i. vacuum drying (or other moisture removal) system
ii. helium (He) backfill system _tleag l
iii. lifting and handling systems
iv welding equipment
v. transfer vehicles/trailer

All MPCs have identical exterior dimensions that render them interchangeable. The outer diameter
of the MPC is 68-3/8 inchest and the overall length is 190-1/2 inches. See Section 1.5 for the
detailed design-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 44-1/2 tons. Tables 1.2.1 and 1.2.2 contain the keysystem
data and parameters for the MFCs.

A single, base HI-STORM overpack design is provided which is capable of storing each type of
WC. The overpack inner cavity is sized to accommodate the MPCs. The inner diameter of the

t Dimensions discussed in this section are considered nominal values.
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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 cavityto present an inside diameter
of 69-1/2 inches. The channels are intended to offer a flexible medium to absorb some ofthe impact
during a non-mechanistic tip-over, while still allowing the cooling air flow through the ventilated
overpack. The outer diameter of the overpack is 132-1/2 inches. The overall height of the HI-
STORM 100 and the HI-STORM lOOS is 239-1/2 inches. There are two versions ofthe HI-STORM
100S overpack, differing only in height and weight. The HI-STORM IOOS(232) is 232 inches high,
and the 11-STORM 100S(243) is 243 inches high. The HI-STORM lOOS(243) is approximately
10,100 lbs heavier, including concrete. Hereafter in the text, these two versions ofthe HI-STORM
l OOS overpack will only be referred to as HI-STORM l OOS and will be discussed separately only if
the design feature being discussed is different between the two overpacks. See Section 1.5 for
drawings. The weight of the overpack without an MPC is approximately 135 tons. See Table 3.2.1
for the detailed weights.

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

• the honeycomb design of the MPC fuel basket;

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

* the high heat dissipation capability;

* engineered features to promote convective heat transfer;

* the structural robustness of the steel-concrete-steel overpack construction.

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

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

The composite shell construction in the overpack, steel-concrete-steel, allows ease offabrication and
eliminates the need for the sole reliance on the strength of concrete.
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A description of each of the components is provided in the following sections, along with
information with respect to its fabrication and safety features. This discussion is supplemented with
the full set of drawings in Section 1.5.

1.2.1.1 Multi-Purpose Canisters

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

There are seven-eight MPC models, distinguished by the type and number of fuel assemblies
authorized for loading. Section 1.2.3 and Table 1.2.1 summarize the allowable contents for each
WPC model. Section 2.1.9 provides the detailed specifications for the contents authorized for

storage in the Ill-STORM 10 System. The WC 24 is designed to store up to 24 intact _. fue
assemblies. The MPC 24E is designed to store up to 24 total PWR fuel assemblies includg up to
four (1) damaged PWR fuel assemblies. The MPC 2IEF is designed to store up to 24 toal PWR fuel
assemblies ineluding up to fou (4) damaged PM fuel assemblies or- feel classified as fuel debris-.
The WM_ 68 is designed to store up to 6. fuel assemblies including up to 68 damaged
Dresden Unt 1 or Humboldt Bays BV ful assemblies. Damaged Bom fuwe assemblies other th
Dresden Unit 1 and Humboldt Bay are limited to 16 fuel storage locations in the MPC 68 with the
remainderbeing intact BWR fuel assemblies, up to a total of 68. The WPC 68F is designed to store
up to 68 intact or dmaged Dresden Unit I and Humboldt BayBWR fuel assemblies. Up to four of
the 68 fuel storage locations in the MPC 68F may be Dresden Unit 1 and Humboldt Bay BWR
fuel assemblies classified as fuel debris. The MPC 68FF is designed to store up to 68 total BWR
Mael assemblies including up to 16 damaged BAM fuel assemblies. Up to eight (8) of the 16
BWR damaged fuel assembly storage locations may be finled with BWR fuel classified as fuel
debris. In addition, a fael loading eombinations permaitted in the WC 68F are also permite
in the MPC 68FF. Design Drawings for il- the MPCs are provided in Section 1.5.

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

The PWR MPC-24, MPC-24E and MPC-24EF differ in construction from the MPC-32
(including the MPC-32F) and the MPC-68 (including the MPC-68F and MPC-68FF) in one
important aspect: the fuel storage cells in the MPC-24 series are physically separated from one
another by a "flux trap", for criticality -control. The PWR MPC-32 and -32F are is-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, MC-68F, MPC-68FF, and
MPC-32, and MPC-32F) are formed from an array of plates welded to each other at their
intersections. In the flux-trap type fuel baskets (MPC-24, MPC-24E, and MPC-24EF), formed angles
are interposed onto the orthogonally configured plate assemblage to create the required flux-trap
channels (see MPC-24 and MPC-24E desiga-fuel basket drawings in Section 1.5). In both
configurations, two key attributes of the basket are preserved.

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

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

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

The MPC fuel basket is positioned and supported within the MPC shell by a set of basket
supports welded to the inside of the MPC shell. Between the periphery of the basket, the MPC
shell, and the basket supports, optional aluminum heat conduction elements (AHCEs) may have
be been installed in the early vintage MPCs fabricated, certified, and loaded under the original
version or Amendment I of the HI-STORM 100 System CoC. The presence of these aluminum heat
conduction elements is acceptableforMPCs loaded under the original CoC orAmendment 1, since
the governing thermal analysisfor Amendment I conservatively modeled the AHCEs as restrictions
to convective flow in the basket, but took no creditfor heat transfer through them. The heat loads
authorized under Amendment I bound thosefor the original CoC, with the same MPC design. For
MPCs loaded underAmendment 2 or a later version of the HI-STORM 100 CoC, the aluminum heat
conduction elements shall not be installed since they were removed from the thermal model in
Amendment 2. MPCs both with and without aluminum heat conduction elements installed are
compatible with all HI-STORM overpacks. If used,-4 these heat conduction elements are
fabricated from thin aluminum alloy 1100 in shapes and a design that allows a snug fit in the
confined spaces and ease of installation. If used, the heat conduction elements are installed along
the full length of the MPC basket except at the drain pipe location to create a nonstructural
thermal connection that facilitates heat transfer from the basket to shell. In their operating
condition, the heat conduction elements contact the MPC shell and basket walls.

Lifting lugs attached to the inside surface ofthe MPC canister shell serve to permit placement of
the empty MPC into the HI-TRAC transfer cask. The lifting lugs also serve to axially locate the
MPC lid prior to welding. These internal lifting lugs are not used to handle a loaded MPC. Since
the MPC lid is installed prior to any handling of a loaded MPC, there is no access to the lifting
lugs once the MPC is loaded.
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The top end of the MPC incorporates a redundant closure system. Figure 1.2.6 shows the MPC
closure details. The MPC lid is a circular plate (fabricated from one piece, or two pieces - split top
and bottom) edge-weldedto theMPC outer shell. If thetwo-piece liddesign is employed, onlythe
top piece is analyzed as part of the enclosure vessel pressure boundary. The bottom piece acts as a
radiation shield and is attached to the top piece with a non-structural, non-pressure retaining weld.
The lid is equipped withvent and drainports that areutilized 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.

To maintain a constant exterior axial length between the PWR MPCs and the BWR MPCs the
thickness of the PWR MPCs' lid is V inch thinner than the MPC-68 's! lid to accommodate the
longest PWR fuel assembly which is approximately a Y2 inch longer than the longest BWR fuel
assembly. For fuel assemblies that are shorter than the design basis length, upper and lower fuel
spacers (as appropriate) maintain the axial position of the fuel assembly within the MPC basket.
The upper fuel spacers are threaded into the underside of the MPC lid as shown in Figure 1.2.5.
The lower fuel spacers are placed in the bottom of each fuel basket cell. The upper and lower
fuel spacers are designed to withstand normal, off-normal, and accident conditions of storage. An
axial clearance of approximately 2 inches is provided to account for the irradiation and thermal
growth of the fuel assemblies. The suggested values for the upper and lower fuel spacer lengths
are listed in Tables 2.1.9 and 2.1.10 for each fuel assembly type. The actual length offuel spacers
will be determined on a site-specific or fuel assembly-specific basis.

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

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

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

Type 316
Type 316LN
Type 304
Type 304LN
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The DOE material selection process is primarily driven by corrosion resistance in the potential
environment of the MGDS. As the decision regarding a suitable material to meet disposal
requirements is not imminent, the MPC design allows the use of any one of the four Alloy X
materials.

For the MPC design and analysis, Alloy X (as defined in this FSAR) may be one ofthe following
materials. Only a single alloy from the list of acceptable Alloy X materials may be used in the
fabrication of a single MPC basket or shell - the basket and shell may be of different alloys in the
same MPC.

* Type316
- Type 316LN

Type 304
Type 304LN

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

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

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 Overvacks

1.2.1.2.1 rH-STORM 100 Overpack (Storage)

The HI-STORM 100 and IOOS overpacks are rugged, heavy-walled cylindrical vessels. Figures
1.2.7, 1.2.8, and 1.2.8A provide cross sectional views of the En-STORM 100 System, showing
both of the overpack designs, respectively. The Hr-STORM IOOA is an anchored variant of the
same structure and hereinafter is identified by name only when the discussion specifically applies
to the anchored overpack. The HI-STORM IOOA differs only in the diameter of the overpack
baseplate and the presence of bolt holes and associated anchorage hardware (see Figures 1.1.4
and 1.1 .5).The main structural function of the storage overpack is provided by carbon steel, and
the main shielding function is provided by plain concrete. The overpack plain concrete is
enclosed by cylindrical steel shells, a thick steel baseplate, and a top plate. The overpack lid has
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appropriate concrete shielding to provide neutron and gamma attenuation in the vertical
direction.

The storage overpack provides an internal cylindrical cavity of sufficient height and diameter for
housing an MPC. The inner shell ofthe overpack has channels attached to its inner diameter. The
channels provide guidance for MPC insertion and removal and a flexible medium to absorb
impact loads during the non-mechanistic tip-over, while still allowing the cooling air flow to
circulate through the overpack. Shims may be attached to channels to allow the proper inner
diameter dimension to be obtained.

The storage system has air ducts to allow for passive natural convection cooling ofthe contained
MPC. A minimum of Ffour 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 En-STORM
100 and the H-STORM 100S design differ in that the outlet ducts for the rn-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 El-STORM 1 OOS are integral to the lid
assembly and are not in vertical alignment with the inlet ducts. The location ofthe air inlet ducts
is same for both the HI-STORM 100 and the HI-STORM lOOS. The air inlets and outlets are
covered by a fine mesh screen to reduce the potential for blockage. Routine inspection of the
screens (or, alternatively, temperature monitoring) ensures that blockage of the screens
themselves will be detected and removed in a timely manner. Analysis, described in Chapter 11
of this FSAR, evaluates the effects of partial and complete blockage of the air ducts.

The four-air inlets and four-air outlets are penetrations through the thick concrete shielding
provided by the HI-STORM 100 overpack. The outlet air ducts for the HI-STORM lOOS
overpack, 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 particles traveling through the ducts. The result of scattering the particles
in the ducts is a significant decrease in the local dose rates around the four air inlets and four air
outlets. The configuration of the gamma shield cross plates is such that the increase in the
resistance to flow in the air inlets and outlets is minimized. The shielding analysis conservatively
credits only the mandatory version of the gamma shield cross plate design because they provide
less shielding than the optional design. -Conversely, the thermal analysis conservatively
evaluates the optional gamma shield cross plate design because it conservatively provides greater
resistance to flow than the mandatory design.

Four threaded anchor blocks at the top of the overpack are provided for lifting. The anchor
blocks are integrally welded to the radial plates which in turn are full-length welded to the
overpack inner shell, outer shell, and baseplate (HI-STORM 100) or the inlet air duct horizontal
plates (HI-STORM lOOS) (see Figure 12.7). The four anchor blocks are located on 900 arcs
around the circumference of the overpack. 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
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devices mate with lifting lugs that are inserted into threaded holes in the top surface of the
overpack lid to allow lifting of the overpack lid. After the lid is bolted to the storage overpack
main body, these lifting bolts shall be removed and replaced with flush plugs.

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 ID.

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

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

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

There are two base HI-STORM overpack designs - HI-STORM 100 and HI-STORM I00S. The
significant differences between the two are overpack height, MPC pedestal height, location ofthe air
outlet ducts, and the vertical aligmnent of the inlet and outlet air ducts. The HI-STORM 100
overpack is approximately 240 inches high from the bottom of the baseplate to the top of the lid bolts
and 227 inches high without the lid installed. There are two versions of the HI-STORM 100S
overpack design, differing only in height and weight. The HI-STORM IOOS(232) is approximately
232 inches from the bottom of the baseplate to the top of the lid bolts in its final storage
configuration and 211 inches high without the lid installed. The HI-STORM 100S(243) is
approximately 243 inches from the bottom of the baseplate to the top of the lid bolts in its final
storage configuration and 222 inches high without the lid installed.
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The anchored embodiment of the En-STORM overpack is referred to as HI-STORM lOOA. 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 ISFSL In HI-STORM terminology, these lugs are referred to as
"sector lugs." The sector lugs, as shown in Figure 1.1.5 and the drawing in Section 1.5, are formed
by extending the HI-STORM overpack baseplate, welding vertical gussets to the baseplate extension
and to the overpack outer shell and, finally, welding a horizontal lug support ring in the form of an
annular sector to the vertical gussets and to the outer shell. The baseplate is equipped with regularly
spaced clearance holes (round or slotted) through which the anchor studs can pass. The sector lugs
are bolted to the ISFSI pad using anchor studs that are made of a creep-resistant, high-ductility,
environmentally compatible material. The bolts are pre-loaded to a precise axial stress using a "stud
tensioner" rather than a torque wrench. Pre-tensioning the anchors using a stud tensioner eliminates
any shear stress in the bolt, which is unavoidable if a torquing device is employed (Chapter 3 of the
text "Mechanical Design of Heat Exchangers and Pressure Vessel Components", by Arcturus
Publishers, 1984, KP. Singh and AI. Soler, provides additional information on stud tensioners). The
axial stress in the anchors induced by pre-tensioning is kept below 75% of the material yield stress,
such that during the seismic event the maximum bolt axial stress remains below the limit prescribed
for bolts in the ASME Code, Section III, Subsection NF (for Level D conditions). Figures 1.1.4 and
1.1.5 provide visual depictions ofthe anchored HI-STORM lOOA configuration. This configuration
also applies to the HI-STORM 1OOSA.

The anchor studs pass through liberal clearance holes (circular or slotted) in the sector lugs (0.75"
minimum clearance) such that the fastening of the studs to the ISFSI pad can be carried out without
mechanical interference from the body 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 equal to
jiF (g < 0.53 per Table 2.2.8). As is shown in Chapter 3 of this FSAR, the lateral load-bearing
capacity of the HI-STORM/pad interface (j1F) 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 Hr-STORM IOOA System during a seismic event is precluded, as is the potential for
any bending action on the anchor studs.

The seismic loads, however, will produce an overtuming moment on the overpack that would cause a
redistribution of the compressive contact pressure between the pad and the overpack. To determine
the pulsation in the tensile load in the anchor studs and in the interface contact pressure, bounding
static analysis of the preloaded configuration has been performed. The results of the static analysis
demonstrate that the initial preloading minimizes pulsations in the stud load. A confirmatory non-
linear dynamic analysis has also been performed using the time-history methodology described in
Chapter 3, wherein the principal nonlinearities in the cask system are incorporated and addressed.
The calculated results from the dynamic analysis confirm the static analysis results and that the
presence ofpre-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.
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The sector lugs in HI-STORM IOOA are made of the same steel material as the baseplate and the
shell (SA5 16- Gr. 70) which helps ensure high quality fillet welds used to join the lugs to the body of
the overpack. The material for the anchor studs can be selected from a family of allowable stud
materials listed in the ASME Code (Section II). A representative sampling of permitted materials is
listed in Table 1.2.7. The menu of materials will enable the ISFSI owner to select a fastener material
that is resistant to corrosion in the local ISFSI environment. For example, for ISFSIs located in
marine environments (e.g., coastal reactor sites), carbon steel studs would not be recommended
without concomitant periodic inspection and coating maintenance programs. Table 1.2.7 provides the
chemical composition of several acceptable fastener materials to help the ISFSI owner select the
most appropriate material for his site. The two mechanical properties, ultimate strength ra. and yield
strength ay are also listed. For purposes of structural evaluations, the lower bound values of a. and Gy
from the menu of materials listed in Table 1.2.7 are used (see Table 3.4.10).

As shown in the drawing, the anchor studs are spaced sufficiently far apart such that a practical
reinforced concrete pad with embedded receptacles can be designed to carry the axial pull from the
anchor studs without overstressing the enveloping concrete monolith. The design specification and
supporting analyses in this FSAR are focused on qualifying the overpack structures, including the
sector lugs and the anchor studs. The design of the ISFSI pad, and its anchor receptacle will vary
from site to site, depending on the geology and seismological characteristics of the sub-terrain
underlying the ISFSI pad region. The data provided in this FSAR, however, provide the complete set
of factored loads to which the ISFSI pad, its sub-grade, and the anchor receptacles must be designed
within the purview of ACI-349-97 11.0.4]. Detailed requirements on the ISFSI pads for anchored
casks are provided in Section 2.0.4.

1.2.1.2.2 E-TRAC (Transfer Cask) - Standard Design

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

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

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

Two standard design HI-TRAC transfer casks of different weights are provided to house the
MPCs. The 125 ton HI-TRAC weight does not exceed 125 tons during any loading or transfer
operation. The 100 ton HI-TRAC weight does not exceed 100 tons during any loading ortransfer
operation. The internal cylindrical cavities of the two standard design HI-TRACs are identical.
However, the external dimensions are different. The lO0ton HI-TRAC has a reduced thickness of
lead and water shielding and consequently, the external dimensions are different. The structural
steel thickness is identical in the two HI-TRACs. This allows most structural analyses ofthe 125
ton HI-TRAC to bound the 100 ton HI-TRAC design. Additionally, as the two HI-TRACs are
identical except for a reduced thickness of lead and water, the 125 ton HI-TRAC has a larger
thermal resistance than the smaller and lighter 100 ton HI-TRAC. Therefore, for normal
conditions the 125 ton HI-TRAC thermal analysis bounds that ofthe 100 ton HI-TRAC. Separate
shielding analyses are performed for each HI-TRAC since the shielding thicknesses are different
between the two.

1.2.1.2.3 HI-TRAC 125D Transfer Cask

As an option to using either of the standard HI-TRAC transfer cask design, users may choose to
use the optional HI-TRAC 125D design. Figure 1.2.9A provides a typical cross section of the
standard design HI-TRAC-125 with the pool lid installed. Like the standard design, the HI-TRAC
125D is designed and constructed in accordance with ASME m, Subsection NFj with certain NRC-
approved alternatives, as discussed in Section 2.2.4. Functionally equivalent, the major differences
between the HI-TRAC 125D design and the standard design are as follows:

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

transfer operations
* A wider baseplate with attachment points for the mating device is provided
* The baseplate incorporates gussets for added structural strength
* The number of pool lid bolts is reduced

The interface between the MPC and the transfer cask is the same between the standard design
and the IH-TRAC 125D design. The optional design is capable of withstanding all loads defined
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in the design basis for the transfer cask during normal, off-normal, and accident modes of
operation with adequate safety margins. In lieu of swapping the pool lid for the transfer lid to
facilitate MPC transfer, the pool lid remains on the HI-TRAC 125D until MPC transfer is
required. The HM-STORM mating device is located between, and secured with bolting to, the top
ofthe M-STORM overpack and the i-TRAC 125D transfer cask. The mating device is used to
remove the pool lid to provide a pathway forMPC transfer between the overpack and the transfer
cask. Section 1.2.2.2 provides additional detail on the differences between the standard transfer
cask design and the HE-TRAC 125D design during operations.

1.2.1.3 Shielding Materials

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

In the HI-STORM storage overpack, the primary shielding in the radial direction is provided by
concrete and steel. In addition, the storage overpack has a thick circular concrete slab attached to
the lid, and a thick circular concrete pedestal upon which the MPC rests. These slabs provide
gamma and neutron attenuation in the axial direction. The thick overpack lid and concrete
shielding integral to the lid provide additional gamma attenuation in the upward direction,
reducing both direct radiation and skyshine. Several steel plate and shell elements provide
additional gamma shielding as needed in specific areas, as well as incremental improvements in
the overall shielding effectiveness. Gamma shield cross plates, as depicted in Figure 5.3.19,
provide attenuation of scattered gamma radiation as it exits the inlet and outlet air ducts.

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

1.2.1.3.1.1 Boraxf

Boral is a thermal neutron poison material composed of boron carbide and aluninum (aluminum
powder and plate). Boron carbide is a compound having a high boron content in a physically
stable and chemically inert form. The boron carbide contained in Boral is a fine granulated
powder that conforms to ASTM C-750-80 nuclear grade Type m. The Boral cladding is made
of alloy aluminum, a lightweight metal with high tensile strength which is protected from
corrosion by a highly resistant oxide film. The two materials, boron carbide and aluminum, are
chemically compatible and ideally suited for long-term use in the radiation, thermal, and
chemical environment of a nuclear reactor, spent fuel pool, or dry cask. See Section 3.4.1 for
discussion of the reaction of Boral with spent fuel pool water during fuel loading and unloading
operations.

The documented historical applications of Boral, in environments comparable to those in spent
fuel pools and fuel storage casks, dates to the early 1950s (the U.S. Atomic Energy
Commission's AE-6 Water-Boiler Reactor [(1.2.]). Technical data on the material was first
printed in 1949, when the report "Boral: A New Thermal Neutron Shield" was published [1.23].
In 1956, the first edition of the Reactor Shielding Design Manual [1.2.4] was published and it
contained a section on Boral and its properties.

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

Boral found other uses in the 1960s, one of which was a neutron poison material in baskets used
in the shipment of irradiated, enriched fuel rods from Canada's Chalk River laboratories to
Savannah River. Use 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:

* The content and placement of boron carbide provides a very high removal cross
section for thermal neutrons.
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* Boron carbide, in the form of fine particles, is homogeneously dispersed
throughout the central layer of the Boral panels.

* The boron carbide and aluminum materials in Boral do not degrade as a result of
long-term exposure to radiation.

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

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

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

Holtec International's QA Program ensures that Boral is manufactured under the control and
surveillance of a Quality Assurance/Quality Control Program that conforms to the requirements
of IOCFR72, 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 '0B loading requirement Coupons extracted from production runs were tested using
the wet chemistry procedure. The actual '0B loading, out of thousands of coupons tested, has
never been found to fall below the design specification. The size of this coupon database is
sufficient to provide reasonable assurance that all future Boral procurements will continue to
yield Boral with full compliance with the stipulated minimum loading. Furthermore, the
surveillance, coupon testing, and material trackdng processes which have so effectively
controlled the quality of Boral are expected to continue to yield Boral of similar quality in the
future. Nevertheless, to add another layer of insurance, only 75% '0B credit of the fixed neutron
absorber is assumed in the criticality analysis consistent with Chapter 6.0, IV, 4.c of NUREG-
1536, Standard Review Plan for Dry Cask Storage Systems.

The oxide layer that is createdfrom the reaction of the outer aluminum cladding and the edges ofthe
Boralpanels with air and waterprovides a barrier tofirther reaction of the aluminum cladding with
air or the spentfuelpool water during loading and unloading operations. However, with extended
submergence in an MWC filled with water or in the plant's spent fuel pool, the hydrodynamic
pressure can drive water into the Boral core (comprised ofparticulate BCand aluminum powder)
where previously unexposed aluminum powder may react with the water to create hydrogen. The
rate of hydrogen generation and the total hydrogen generated is dependent on several variables:

a Aluminum particle size: Aluminum particle size in theBoral core and associatedporosity
affects the amount of aluminum available for reaction with water. Larger aluminum
particles yield less surface area for reaction, but higher porosity for aluminum-water
interaction; smaller aluminum particles yield more surface area for reaction, but lower
porosity for aluminum-water reaction.
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* Presence oftrace impurities: Thepresence of trace impurities in the Boral core due to the
manufacturing process (I. e., sodium hydroxide, boron oxide, and iron-oxide) can affect the
rate of hydrogen production, both increasing and suppressing the reaction. Sodium
dissolved in the water increases the pH and tends to increase the rate of hydrogen
production. This is counteracted by the boron oxide, which hydrolyzes to boric acid
(H 3BO0) and reduces the rate of hydrogen production. Trace impurities do not affect the
total amount of hydrogen generated

* Pool water chemistrW: Chemicals in the plant spentfuel pool water (e.g., copper, boron)
can affect the rate of hydrogen production, both increasing (copper) and suppressing
(boron) the reaction.

* MPC loading operations: Operating needs or preferences by individual utilities as to
when, andfor how long the WPC is kept at varying water depths in the spentfuelpool, and
how long the MPC is kept filled with water outside the spent fuel pool can affect the
amount of aluminum in the Boral core that may be exposed to water.

Due to the variability in hydrogen generation from the Boral-water reaction, the operating
procedures in Chapter 8 require monitoringfor combustible gases and either exhausting orpurging
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 AMETAAMC0

ME TAMIC 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. Metallwgically
METAMIC is a metal matrix composite (MMC) consisting of a matrix of 6061 aluminum alloy
reinforced with Type I ASTMC-750 boron carbide. METAAMC' is characterized by extremelyfine
aluminum (325 mesh or better) and boron carbidepowder. Typically, the average BC particle size
is between 10 and 15 microns. As described in the U.S. patents held by METAMIC, Inc. 7, the high
performance and reliability of METAMIC derives from the particle sie distribution of its
constituents, rendered into a metal matrix composite by thepowder metallurgyprocess. Thisyields
excellent and uniform homogeneity.

The powders are carefully blended without binders or other additives that could potentially
adversely influence performance. The maximum percentage of BC that can be dispersed in the
aluminum alloy 6061 matrix is approximately 40 wt.%o, 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 ofproductforms, rangingfrom sheet andplate to

U.S. Patent No. 5,965,829, "Radiation Absorbing Refractory Composition '.
t US. Patent No. 6,042,779, "Extrusion Fabrication Processfor Discontinuous Carbide Particulate
Metal Matrie Composites and Super, Hypereutectic AlSiS"
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angle, channel round and square tube, and other profiles. For the MEETAMC sheets used in the
MPCs, the extrudedform is rolled down into the required thickness.

METAMIC' has been subjected to an extensive array of tests sponsored by the Electric Power
Research Institute (EPRI) that evaluated the functional performance of the material at elevated
temperatures (up to 9000 and radiation levels (JE+I) rads gamma). The results of the tests
documented in an EPRI report (Ref [1.2.11) indicate thatETAM&C' maintains its physical and
neutron absorption properties with little variation in its propertiesfrom the unirradiated state. The
main conclusions provided in the above-referenced EPRI report are summarized below:

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

a The physical and neutronic properties of MIETAAMC" are essentially unaltered under
exposure to elevated temperatures (750° F - 900° F).

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

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

An evaluation of the manufacturing technology underlying METAMIC' as disclosed in the above-
referenced patents and of the extensive third-party tests carried out under the auspices of EPRI
makes METAMC" an acceptable neutron absorber materialfor use in the APCs. Holtec 's technical
position on METAMTf is also supported by the evaluation carried out by other organizations (see,
for example, USNRC's SER on NUHOMS-61BT, Docket No. 72-1004).

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

All manufacturing and in-process steps in the production of METAAMC' shall be carried out using
written procedures. As required by the company's quality program, the material manufacturer's QA

t Medium measured neighbor-to-neighbor distance is 10.08 microns according to the article,
"METAMIC Neutron Shielding", by K. Anderson, T. Haynes, and R. Kazmier, EPRI Boraflex
Conference, November 19-20, 1998.
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program and its implementation shall be subject to reviewand ongoing assessment, includingaudits
andsurveillances as setforth in the applicableHoltec QA procedures to ensure thatallMETAMCO
panels procured meet with the requirements appropriate for the quality genre of the MPCs.-
Additional details pertaining to the qualification and production tests for METAMCe are
summarized in Subsection 9.1.5.3.

Because of the absence of interconnectedporosities, the time required to dehydrate a ETAMIC'-
equzpped MPC is expected to be less compared to an MPC containing Boral.

NUREG/CR-5661 recommends limitingpoison material credit to 75% ofthe minimum "'B loading
because ofconcernsforpotential "streaming" ofneutrons, andallowsforgreaterpercentage credit
in criticality analysis "if comprehensive acceptance tests, capable of verifying the presence and
uniformity of the neutron absorber, are implemented". The value of 75% is characterized in
NUREG/CR-5661 as a very conservative value, based on exernments with neutron poison
containing relatively large B 4Cparticles, such as BORAL with an averageparticle size in excess of
100 microns. METAMC', however, has a muck smallerparticlesize oftypically between lO and15
microns on average. Any streaming concerns would therefore be drastically reduced.

Analyses performed by Holtec International show that the streaming due to particle size is
practically non-existent in METAMIC. Further, EPRI's neutron attenuation measurements on 31
and 15 BC weight percent AEMTA M&C' showed that METAMIC" exhibits very uniform "'B areal
density. This makes it easy to reliably establish and verify the presence and microscopic and
macroscopic uniformity ofthe"'B in the material, Therefore, 90%1 credit is appliedto the minimum
"'B areal density in the criticality calculations, ike. a 10% penalty is applied. This 10°/ penalty is
considered conservative since there are no significant remaining uncertainties in the "'B areal
density. In Chapter9thequalification and on producdon testsforMETA lC" tosupport 90%/ 10B
credit are specified With 90% credit, the target weightpercent of boron carbide in METAAMC" is
31 for all MPCs, as summarized in Table 1.2.8, consistent with the test coupons used in the EPRI
evaluations[1.2.11j. The maximum permitted value is 32.5 wt% to alowfornecessary fabrication
flexibility.

Because METAMIC is a solid material, there is no capillary path through which spentfuelpool
water can penetrate METAAMCfpanels and chemically react with aluminum in the interior of the
material to generate hydrogen. Any chemical reaction of the outer surfaces of the METAMICw
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
AETAMICf -equipped MPCs and purging or exhausting the space under the MPC lid during
welding and cutting operations, is required until sufficientfield experience is gained that confirms
that little or no hydrogen is released by ME TAAAC' during these operations..

Mechanical properties of 31 wt. % AETAMCe based on coupon tests of the material in the as-
fabricated condition and after 48 hours of an elevated temperature state at 900F are summarized
belowfrom the EPRP report [1.2.11].-
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Mechanical Properties of3lwt % B4C METAMIC l

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

Yield Strength (psi) 32937±3132 28744 ±3246
Ultimate Strength (psi) 4014)±1860 34608 ±1513
Elongation f°/) 1.8 ±0.8 5.7 ±3.1

The requiredflexural strain of the neutron absorber to ensure that it will not fracture when the
supporting basket wallflexes due to the worst case lateral inertial loading, has been set at 0. 2%for
the MPCs. The 1% minimum elongation of 3iwt. % B 4C METAMIC indicated by the above table
means that META MC will have a minimum factor ofsafety offive against cracking under the most
severe postulated mechanical accident conditions for the MPCs.

EPRI's extensive characterization effort [1.2.11], which was focused on 15 and 31 wt.% B4C
METAMIC' served as theprincipal basisfor a recent USNRC SERfor 31wt. % B 4C METAMICfor
used in wet storage [1.2.12]. Additional studies on METAMeC" [1.2.13], EPRI's and others work
[1.2.14] provide the confidence that 3lwt.%B4 C META MC0 willperform its intendedfunction in
the MPCs.

1.2.1.3.1.3 Locational Fixity of Neutron Absorbers

Both Boral and META MCe neutron absorber panels are completely enclosed in AlloyX (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, weldedpocket enclosure. The shear strength of the pocket weld
joint, which is an order ofmagnitude greater than the weight ofafuel assembly, guarantees that the
neutron absorber and its enveloping sheathingpocket will maintain their as-installedposition under
all loading, storage, and transient evolutions. Finally, the pocket joint detail ensures that fuel
assembly insertion or withdrawal into or out of the MPC basket will not lead to a disconnection of
the sheathingffrom the cell wall.

1.2.1.3.2 Neutron Shielding

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

* Attenuation of neutron radiation to appropriate levels;

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

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

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

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

Neutron attenuation in the rn-STORM overpack is provided by the thick walls of concrete
contained in the steel vessel, lid, and pedestal. Concrete is a shielding material with a long
proven history in the nuclear industy. 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 waterjacketproviding radial neutron shielding.
Demineralized water will be utilized in the water jacket. To ensure operability for low
temperature conditions, ethylene glycol (25% in solution) will be added to reduce the freezing
point for low temperature operations (e.g., below 32 0F) [1.2.7].

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

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

Densit-

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 of the neutron shield.
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HXvIroge

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

Boron Carbide

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

Design Temperature

The design temperatures of Holtite-A are provided in Table I.B.J. is set at 3GOT- The
maximum spatial temperatures of Holtite-A under all normal operating conditions must be
demonstrated to be below theseis design temperatures, as applicable.

Thermal Conductivity

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

1.2.1.3.3 Gamma Shielding Material

For gamma shielding, the i-STORM 100 storage overpackprimarilyrelies on massive concrete
sections contained in a robust steel vessel. A carbon steel plate, the shield shell, is located
adjacent to the overpack inner shell to provide additional gamma shielding (Figure 1.2 .7)t.
Carbon steel supplements the concrete gamma shielding in most portions of the storage
overpack, most notably the baseplate and the lid. To reduce the radiation streaming through the
overpack air inlets and outlets, gamma shield cross plates are installed in the ducts (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.

In the FH-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.

t The shield shell design feature was deleted in June, 2001 after overpack serial number 7 was fabricated. Those
overpacks without the shield shell are required to have a higher concrete density in the overpack body to provide
compensatory shielding. See Table I.D.l.
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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
cirmumferentially around the overpack. These anchor blocks are used for overpack lifting as well
as securing the overpack lid to the overpack body. The anchor blocks are integrally welded to the
overpack radial plates which in turn are full-length welded to the overpack inner shell, outer
shell, and baseplate (HI-STORM 100) or inlet air duct horizontal plates HI-STORM IOOS). The
storage overpack may be lifted with a lifting device that engages the anchor blocks with threaded
studs and connects to a crane or similar equipment.

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

The standard design HEI-TRAC transfer cask is equipped with two lifting trunnions and two
pocket trunnions. The MI-TRAC 125D is equipped with only lifting trunnions. The lifting
trunnions are positioned just below the top forging. The two pocket trtmnions are located above
the bottom forging and attached to the outer shell. The pocket trunnions are designed to allow
rotation of the H-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 ANSI N14.6. The lifting tunnions 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 H-TRAC transfer
cask using lifting cleats. The threaded holes in the MPC lid are designed in accordance with
NUREG-0612 and ANSI N14.6.

1.2.1.5 Desion Life

The design life of the H1I-STORM 100 System is 40 years. This is accomplished by using
material of construction with a long proven history in the nuclear industry and specifying
materials known to withstand their operating environments with little to no degradation. A
maintenance program, as specified in Chapter 9, is also implemented to ensure the HI-STORM
100 System will exceed its design life of 40 years. The design considerations that assure the 1H-
STORM 100 System performs as designed throughout the service life include the following:

n-STORM FSAR Proposed Rev. 2B
REPORT HI-2002444 1.2-21



rn-STORM Overvack and HI-TRAC Transfer Cask

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

MPC

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

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

1.2.2 Operational Characteristics

1.2.2.1 Design Features

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

The free volume of the MPCs is inerted with 99.995% pure helium gas during the spent nuclear
fuel loading operations. Table 1.2.2 specifies the helium fill requirements for the MPC internal
cavity.

The HI-STORM overpack has been designed to synergistically combine the benefits of steel and
concrete. The steel-concrete-steel construction of the HI-STORM overpack provides ease of
fabrication, increased strength, and an optimal radiation shielding arrangement. The concrete is
primarily provided for radiation shielding and the steel is primarily provided for structural
functions.

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

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

Table 1.2.6 provides the basic sequence of operations necessary to defuel a spent fuel pool using
the HE-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 Desi Ddrawings in
Section 1.5. A summary ofthe general actions needed for the loading and unloading operations is
provided.below. Figures 1.2.16 and 1.2.17 provide a pictorial view of typical loading and
unloading operations, respectively.

Loading Qperations

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

While still underwater, a thick shielding lid (the MPC lid) is installed. The lift yoke is remotely
engaged to the HI-TRAC lifting trunnions and is used to lift the HI-TRAC close to the spent fuel
pool surface. As an ALARA measure, dose rates are measured on the top of the HI-TRAC and
MPC prior to removal from the pool to check for activated debris on the top surface. The MPC
lift bolts (securing the MCP lid to the lift yoke) are removed. As HI-TRAC is removed from the
spent fuel pool, the lift yoke and HI-TRAC are sprayed with demineralized water to help remove
contamination.

HI-TRAC is removed from the pool and placed in the designated preparation area. The top
surfaces of the MPC lid and the upper flange of HI-TRAC are decontaminated. The inflatable
annulus seal is removed, and an annulus shield is installed. The annulus shield provides
additional personnel shielding at the top ofthe annulus and also prevents small items from being
dropped into the annulus. Dose rates are measured at the MPC lid and around the mid height
circumference of HI TRAC to ensure that the dose rates are within expected values. The
Automated Welding System baseplate shield (ifused) is installed to reduce dose rates around the
top of the cask. The MPC water level is lowered slightly and the MPC lid is seal-welded using
the Automated Welding System (AWS) or other approved welding process. Liquid penetrant
examinations are performed on the root and -final passes. A multi-layer liquid penetrant or
volumetric examination is also performed on the MPC lid-to-shell weld. The ater level is raised!
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to the top of the NC and the weVd is hydrostaVically tested. Then a smallve of t V ater iter-
displaced vith helium gas. The helium gas is used for leakage testing. A helium leakage rate test
is perfomed on the Cor lid confinement weld (lid to shel) to verify weld intgity an oG
_nsure that leakagp rates a within acceptance cteria.The WP water is displaced from the
MPC by blowing pressurized helium or nitrogen gas into the vent port of the MPC, thus
displacing the water through the drain line. At the appropriate time in the sequence of activities,
based on the type of test performed (hydrostatic or pneumatic), a pressure test of the MPC
enclosure vessel is performed

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

For storage of high burnup fuel, higher heat load MPCs, and, as an option for-Aemge--ef
moderate bumup fiel lower heat load MPCs, the reduction of residual moisture in the MPC to
trace amounts is accomplished using a Forced Helium Dehydration (FHD) system, as described
in Appendix 2.B. Relatively warm and dry helium is recirculated through the MPC cavity,
which helps maintain the SNF in a cooled condition while moisture is being removed. The
warm, dry gas is supplied to the MPC drain port and circulated through the MPC cavity where it
absorbs moisture. The humidified gas travels out of the MPC and through appropriate
equipment to cool and remove the absorbed water from the gas. The dry gas may be heated prior
to its return to the MPC in a closed loop system to accelerate the rate of moisture removal in the
MPC. This process is continued until the temperature of the gas exiting the demoisturizing
module descnibed in Appendix 2.B meets the specified limit specified in the technical
speeficaiations. FSAR Section 4.5 provides the specific limits applicable to the two types of
moisture removal

Following moisture removal, the VDS or FHD system is disconnected and the Helium Backfill
System (HBS) is attached and-the MPC is backfllled with a predetermined amount ofhelium gas.
The helium backfill ensures adequate heat transfer during storage, and provides an inert
atmosphere for long-term fuel integrity, and provides the means of fiture leakage rate testing of
the PC eonfinement- boundary welds. Cover plates are installed and seal-welded over the MPC
vent and drain ports with liquid penetrant examinations performed on the root and final passes.
The cover plates are helium leakage tested to confirm that they meet the established leakage rate
criteria.

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

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

MPC transfer from the HI-TRAC transfer cask into the overpack may be performed inside or
outside the fuel building. Similarly, HI-TRAC and HI-STORM may be transferred to the ISFSI
in several different ways. The loaded HI-TRAC may be handled in the vertical or horizontal
orientation. The loaded rn1-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 rn-STORM 100
overpack, the vent duct shield inserts installed. If using HI-TRAC 125D, the HI-STORM mating
device is secured to the top of the empty overpack (Figure 1.2.18). The loaded HI-TRAC is
placed using the fuel building crane on top of HI-STORM, or the mating device, as applicable.
After the HI-TRAC is positioned atop the HI-STORM or secured to the mating device, as
applicable, the MPC is raised slightly. With the standard H1-TRAC design, the transfer lid door
locking pins are removed and the doors are opened. With the HI-TRAC 125D, the pool lid is
removed using the mating device. The MPC is lowered into Hr-STORM. Following verification
that the MPC is fully lowered, slings are disconnected and lowered onto the MPC lid. For the Hl-
STORM 100, the doors are closed and the HI-TRAC is prepared for removal from on top of H-
STORM (with HI-TRAC 125D, the transfer cask must first be disconnected from the mating
device). For the HI-STORM 100S5 the standard design I{I-TRAC may need to be lifted above
the overpack to a height sufficient to allow closure of the transfer lid doors without interfering
with the MPC lift cleats. The HI-TRAC is then removed and placed in its designated storage
location. The MPC lift cleats and slings are removed from atop the MPC. The alignment device,
vent duct shield inserts, and/or mating device is/are removed, as applicable. The pool lid is removed
from the mating device and re-attached to the HI-TRAC 125D prior to its next use. The rn-STORM
lid is installed, and the upper vent screens and gamma shield cross plates are installed. The HI-
STORM lid studs are installed and torqued.

For MPC transfers outside of the fuel building, the empty HI-STORM overpack is inspected and
staged with the lid removed, the alignment device positioned, and, for the HI-STORM 100, the
vent duct shield inserts installed. For HI-TRAC 125D, the mating device is secured to the top of
the overpack. The loaded HI-TRAC is transported to the cask transfer facility in the vertical or
horizontal orientation. A number of methods may be utilized as long as the handling limitations
prescribed in the technical specifications are not exceeded.
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To place the loaded HI-TRAC in a horizontal orientation, a transport frame or "cradle" is
utilized. If the cradle is equipped with rotation trunnions they are used to engage the HI-TRAC
100 or 125 pocket trunnions. While the loaded HI-TRAC is lifted by the lifting trunnions, the
HI-TRAC is lowered onto the cradle rotation tmnnions. Then, the crane lowers and the Hl-
TRAC pivots around the pocket trunnions and is placed in the horizontal position in the cradle.

The HI-TRAC 125D does not include pocket trunnions in its design. Therefore, the user must
downend the transfer cask onto the transport fiame using appropriately designed rigging in
accordance with the site's heavy load control program

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

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

After the HI-TRAC is positioned atop the HI-STORM or the mating device, the MPC is raised
slightly. In the standard design, the transfer lid door locking pins are removed and the doors are
opened. With the HI-TRAC 125D, the pool lid is removed using the mating device. The MPC is
lowered into HI-STORM. Following verification that the MPC is filly lowered, slings are
disconnected and lowered onto the MPC lid. For the HI-STORM 100, the doors are closed and
HI-TRAC is removed from on top of HI-STORM or disconnected from the mating device, as
applicable. For the HI-STORM IOOS, the standard design HI-TRAC may need to be lifted
above the overpack to a height sufficient to allow closure of the transfer lid doors without
interfering with the MPC lift cleats. The HI-TRAC is then removed and placed in its designated
storage location. The MPC lift cleats and slings are removed from atop the MPC. The alignment
device, vent duct shield inserts, and mating device is/are removed, as applicable. The pool lid is
removed from the mating device and re-attached to the HI-TRAC 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 rI-STORM has been loaded either within the fuel building or at a dedicated cask
transfer facility, the HI-STORM is then moved to its designated position on the ISFSI pad. The
HI-STORM overpack may be moved using a number of methods as long as the handling
limitations listed in the technical specifications are not exceeded. The loaded HI-STORM must
be handled in the vertical orientation, and may be lifted from the top by the anchor blocks or
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from the bottom by the -inlet vents. After the loaded El-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 E-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 IOOA, 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 H-TRAC and empty
the MPC. Special precautions are outlined to ensure personnel safety during the unloading
operations, and to prevent the risk of MPC overpressurization and thermal shock to the stored
spent fuel assemblies.

The MPC is recovered from HI-STORM either at the cask transfer facility or the fuel building
using any of the methodologies described in Section 8.1. The HI-STORM lid is removed, the
alignment device positioned, and, for the MI-STORM 100, the vent duct shield inserts are
installed, and the MPG lift cleats are attached to the CPG. For EH-TRAC 125D, the mating
device is installed. Rigging is attached to the MPC lift cleats. For the HI-STORM IOOS and the
standard HI-TRAC design, the transfer doors may need to be opened to avoid interfering with the
MPC lif cleats. For HI-TRAC 125D, the mating device (possibly containing the pool lid) is
secured to the top of the overpack. H-TRAC is raised and positioned on top of HI-STORM or
secured to the mating device, as applicable. For H-TRAC 125D, the pool lid is ensured to be out
ofthe transfer path for the MPC. The MPC is raised into H-TRAC. Once the MPC is raised into
HI-TRAC, the standard design IH-TRAC transfer lid doors are closed and the locking pins are
installed. For HI-TRAC 125D, the pool lid is installed and the transfer cask is unsecured from
the mating device. HI-TRAC is removed from on top of HI-STORM.

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

HI-TRAC and its enclosed MPC are returned to the designated preparation area and the rigging,
MPC lift cleats, and HI-TRAC top lid are removed. The annulus is filled with plant
demineralized water(borated, if necessary). The annulus and HI-TRAC top surfaces are protected
from debris that will be produced when removing the MPC lid.
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The MPC closure ring and vent and drain port cover plates are core drilled. Local ventilation is
established around the MPC ports. The RVOAs are attached to the vent and drain port. The
RVOAs allow access to the inner cavity of the MPC, while providing a hermetic seal. The MPC
is cooled using a closed loop heat exchanger to appropriate means, ifnecessary, to reduce the
MPC internal temperature to allow water flooding. Following the fuel cool-down, the MPC is
flooded with borated or unborated water, as required in accordance vAth the Cop. 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 H-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 annulus
water is drained and the MPC and HI-TRAC are decontaminated in preparation for re-utilization..

1.2.2.3 Identification of Subjects for Safety and Reliability Analysis

1.2.2.3.1 Criticality Prevention

Criticality is controlled by geometry and neutron absorbing materials in the fuel basket. The
MPC-24/24E/24EF, -APC M2E, and 2IEF (all with lower enriched fuel) and the MC-
68168F/68FF do not rely on soluble boron credit during loading or the assurance that water
cannot enter the MPC during storage to meet the stipulated criticality limits.

Each MPC model is equipped with BDeal neutron absorber plates affixed to the fuel cell walls as
shown on the desi .drawings in Section 1.5. The minimum '0B areal density specified for the
Beon neutron absorber-in each MPC model is shown in Table 1.2.2. These values are chosen
to be consistent with the assumptions made in the criticality analyses.

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

1.2.2.3.2 Chemical Safety

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

The rn-STORM 100 System is totally passive and consequently, operation shutdown modes are
unnecessary. Guidance is provided in Chapter 8, which outlines the El-STORM 100 unloading
procedures, and Chapter 1, which outlines the corrective course of action in the wake of
postulated accidents.

1.2.2.3.4 Instrumentation

As stated earlier, the HI-STORM 100 confinement boundary is the MPC, which is seal welded,
non-destructively examined and keApressure 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 Er-STORM overpack exit vents in
lieu of routinely inspecting the ducts for blockage. See Subsection 2.3.3.2 and the Technical
Specifications in Appendix A to the CoC for additional details.

1.2.2.3.5 Maintenance Technique

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

1.2.3 Cask Contents

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

MPC-24

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

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

MPC-24EF

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

MPC-32

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

MPC-32F

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

MPC-68

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

R-STORM FSAR Proposed Rev. 2B
REPORT HM-2002444 1.2-30



MPC-68F

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

MPC-68FF

The MPC-68FF is designed to accommodate up to sixty-eight (68) BWR fuel assemblies with or
without channels. Any number of these fuel assemblies may be Dresden Unit 1 or Humboldt
Bay BWR fuel assemblies classified as intact fuel or damaged fuel. Dresden Unit 1 and
Humboldt Bay fuel debris is limited to eight (8) DFCs. DFCs containing Dresden Unit 1 or
Humboldt Bay fuel debris may be stored in any fuel storage location 4-br BWR fuel assemblies
from plants other than Dresden Unit 1 and Humboldt Bay, the total number of fuel assemblies
classified as damaged fuel assemblies or fuel debris is limited to sixteen (16), with up to eight
(8) of the 16 fuel assemblies classified as fuel debris. These fuel assemblies must be stored in
fuel storage locations 1, 2, 3, 8, 9, 16, 25, 34, 35, 44, 53, 60, 61, 66, 67, and/or 68 (see Figure
1.2.2). The balance of the fuel storage locations may be filled with intact BWR fuel assemblies,
up to a total of 68.
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Table 1.2.1

KEY SYSTEM DATA FOR HI-STORM 100 SYSTEM

iTEM QUANTMTY NOTES

Types of MPCs included in this 3 8 3 for BWR
revision of the submittal 1 for PWR

I
NMC-24

MPC storage capacityl:
MPC-24E

MEPC-24EF

MPC-32

MPC-32F

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

OR

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

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

OR

t See Section 2.11.2.3 and Appendix B to the CoC for a complete description of cask authorizedcask
contents and fuel specifications-,respeetively.
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Table 1.2.1 (continued)
KEY SYSTEM DATA FOR EIl-STORM 100 SYSTEM

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

M.C-68FF

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

OR

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

I

I
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Table 12
KEY PARAMEJERS FOR HI-STORM 100 MULTI-PURPOSE CANISTERS

PWR BWR
Pre-disposal service life (years) 40 40
Design temperature, maxJmrin. (F) 7 2 5ot/ 4 0 °W 725°t(A0°tt
Design internal pressure (psig)

Normal conditions 100 100
Off-normal conditions 400110 400110
Accident Conditions 200 200

Total heat load, max. (kW) 38 35.5
Maximum permissible peak fuel
cladding temperature:

Long Term Normal (F) See Table 2.24752 See Table .2.3752
Short Term Operations ("F) 752 or 1 0 5 8 t 752 or 1058t
Off-normal andAccident ('F) 1058 1058

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

MPC-24
(heat load < 27.77 kW) > 29.3 psig and< 48.8 psig

(heat load > 27.77 kW) > 45.2 psig and< 48.8 psig

APC-24E/24EF
(heat load < 28.17 kW) > 29.3 psig and < 48.8 psig

(heat load > 28.17 kW) > 45.2 psig and< 48.8 psig

MPC-68/68F/68FF 0.1218 +/-10°Ai g-moles/lfiter
(heat load < 28.19 kW) OR

> 29.3 psig and < 48.8 psig

(heat load > 28.19 kW) > 45.2psig and < 48.8 psig

MPC-32/32F
(heat load < 28.74 kW) > 29.3 psig and< 48.8 psig

(heat load > 28.74 kW) > 45.2 psig and< 48.8 psig

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

I

I

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

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

mtt See Section 4.5 for discussion of the applicability of the 1058°F temperature limit during MPC drying. I
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Table 1.2.2 (contd)
KEYPARAMETERSFOR HI-STORM100 MULTI-PURPOSE CANISTERS

PWR BWR
FixedNeutronAbsorber Bonl 0.0267A700223 (MPC-24) 0.0372/0.0310

B Areal Density (g/CM2) (MPC-68 & MPC-6gFF)
0.0372/0.0310 (mPC-24E, MPC-24EF

BoralM TAMC & MPC-32, & MPC-32F) 0.01/AVA (MPC-68F) (See Note 1)
End cloy Welded Welded
Fuel handling Opening compatible with standard Opening compatible withstadard

grapples grapples
Heat dissipation Passive Passive

NOTES:

1. All MPC-68Fcanisters are equippedwith Boral neutron absorber.
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Table 1.2.3

INTENTIONALLY DELETED
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Table 12.4

INTENTIONALLY DELETED
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Table 1.2.5

INTENTIONALLY DELETED
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Table 12.6

HI-STORM 100 OPERATIONS SEQUENCE

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

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

2 Fuel assemblies transfered 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, Gydretaia tested; and ekalWressure
tested

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

6 H-TRAC annulus drained and external surfaces decontaminated

7 MPC lifting cleats installed and MPC weight supported by rigging

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

9 MPG lowered and seated on H-TRAG transfer lid (not applicable to HI-TRAC 125D)

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

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

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

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

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

13 HI-STORM overpack lid installed and bolted in place

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

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

I
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Table 1.2.7

REPRESENTATIVE ASME BOLTING AND THREADED ROD MATERIALS ACCEPTABLE
FOR THE Hl-STORM 100A ANCHORAGE SYSTEM

ASME MATERIALS FOR BOLTING

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

(ksi) Size
Ranget

C SA-354 BC 125 109 t•2.5"
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~K04100 _ _ _ _

% Cr SA-574 51B37M 170 135 t 2 518"
1 Cr-1/5Mo SA-574 4142 170 135 tŽ518"
1 Cr-1/2 Mo-V SA-540 B21165 150 t54"

___________________ ~(K 14073)1615
5 Cr-VMo SA-193 B7 125 105 t: 2.5"
2Ni-%hCr-'AMo SA-540 B23 135 120

(H-43400)
2Ni - % Cr - 1/3 Mo SA-540 B-24 135 120
_______________________ _____ _ 6(K -24064) 135 120
17Cr-4Ni-4Cu SA-564 630(H-1100) 140 115
17Cr-4Ni-4Cu SA-564 630(1H-1075) 145 125
25Ni-15Cr-2Ti SA-638 660 130 85
22CR-l3Ni-5Mn SA-479 XM-19(S20910) 135 105

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

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

METAM&C DATA FOR HOL TEC rPCs

MPC Type Afin. B-10 area! Nominal Weight Percent ofB4C and
density required Reference METAMIC Panel Thickness

by criticality
analysis 100%0 9001% 75% Ref
(gm2) Credit Credit Credit Thickness

i nch)
MIPC-24 0.020 27.6 31 37.2 0.075

MPC-68, -
68FF, -32,
-32F, -24E, 0.0279 27.8 31 37.4 0.104

and
-24E F_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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13 IDENTIFICATION OF AGENTS AND CONTRACTORS

Holtec International is a specialty engineering company with a principal focus on spent fuel storage
technologies. Holtec has carried out turnkey wet storage capacity expansions (engineering, licensing,
fabrication, removal of existing racks, performance of underwater modifications, volume reduction
ofthe old racks and hardware, installation of new racks, and commissioning ofthe 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 (PhD.'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 IOCFR50, Appendix B, and was expanded to include provisions of
10CFR71, Subpart H, and lOCFR72, Subpart G, for structes, systems, and components designated
as important to safety. A description of the quality assurance program and its method otMeHoltec
quality assurance program, which satisfies-satisfying all 18 criteria in lOCFR72, Subpart G, that
apply to the design, fabrication, construction, testing, operation, modification, and decommissioning
of structures, systems, and components important to safety is incorporated by reference into this
FSAR as describedlprvd in Chapter 13.

It is currently planned that the HI-STORM 100 System will be fabricated by U.S. Tool & Die, Inc.
(UST&D) of Pittsburgh, Pennsylvania. UST&D is an N-Stamp holder and a highly respected
fabricator of nuclear components. UST&D is on Holtec's Approved Vendors List (AVL) and has a
quality assurance program meeting 1 OCFR50 Appendix B criteria. Extensive prototypical fabrication
of the MPCs has been carried out at the UST&D shop to resolve fixturing and tolerance issues. If
another fabricator is to be used for the fabrication of any part of the rn-STORM 100 System, the
proposed fabricator will be evaluated and audited in accordance with Holtec International's quality
assurance program described in Chapter 13.

Construction, assembly, and operations on-site may be performed by Holtec or a licensee as the
prime contractor. A licensee shall be suitably qualified and experienced to perform selected
activities. Typical licensees are technically qualified and experienced in commercial nuclear power
plant construction and operation activities under a quality assurance program meeting IOCFR50
Appendix B criteria.
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APPENDIX LB: HOLTITErm MATERIAL DATA

The information provided in this appendix describes the neutron absorber material, Holtite-A for the
purpose of confirming its suitability for use as a neutron shield material in spent fuel storage casks.
Holtite-A is one of the family of Holtite neutron shield materials denoted by the generic name
Holtite™. It is currently the only neutron shield material approved for installation in the HI-STAR

MI-TRAC transfer cask. It is chemically identical to NS-4-FR which was originally developed by
Bisco Inc. and used for many years as a shield material with B4C or Pb added.

Holtite-A contains aluminum hydroxide (AI(OH)3) in an epoxy resin binder. Aluminum hydroxide is
also known by the industrial trade name of aluminum tri-hydrate or ATH. ATH is often used
commercially as a fire-retardant Holtite-A contains approximately 62% ATH supported in a typical
2-part epoxy resin as a binder. Holtite-A contains 1% (nominal) by weight B4C, a chemically inert
material added to enhance the neutron absorption property. Pertinent properties of Holtite-A are
listed in Table l.B.l .

The essential properties of Holtite-A are:

1. the hydrogen density (needed to thermalize neutrons),

2. thermal stability of the hydrogen density, and

3. the uniformity in distribution of B4C needed to absorb the thermalized neutrons.

ATH and the resin binder contain nearly the same hydrogen density so that the hydrogen density of
the mixture is not sensitive to the proportion of ATH and resin in the Holtite-A mixture. B4 C is
added as a finely divided powder and does not settle out during the resin curing process. Once the
resin is cured (polymerized), the ATH and B4C are physically retained in the hardened resin.
Qualification testing for B4C throughout a column of Holtite-A has confirmed that the B4 C is
uniformly distributed with no evidence of settling or non-uniformity. Furthermore, an excess of B4C
is specified in the Holtite-A mixing and pouring procedure as a precaution to assure that the B4C
concentration is always adequate throughout the mixture.

The specific gravity specified in Table lIB.l does not include an allowance for weight loss. The
specific gravity assumed in the shielding analysis includes a 4% reduction to conservatively account
for potential weight loss at the design temperatures listed in Table 1.B. 1. of 300V or an inability to
reach theoretical density. Tests on the stability of Holtite-A were performed by Holtec International.
The results of the tests are summarized in Holtec Reports HI-2002396, "Holtite-A Development
History and Thermal Performance Data" and HI-2002420, "Results ofPre- and Post-Irradiation Test
Measurements." The information provided in these reports demonstrates that Holtite-Arm possesses
the necessary thermal and radiation stability characteristics to function as a reliable shielding
material intheHl STAR 100 overpac -TRAC transfer cask.

The Holtite-A is encapsulated in the HI ST-AR 100 overpacdkHI-TRAC transfer cask lid and,
therefore, should experience a very small weight reduction during the design life of the HISTAR
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} 0-Systemcask. The data and test results confirm that Holtite-A remains stable under design thermal I
and radiation conditions, the material properties meet or exceed that assumed in the shielding
analysis, and the B 4C remains uniformly distributed with no evidence of settling or non-uniformity.

Based on the information described above, Holtite-A meets all of the requirements for an acceptable
neutron shield material.
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Table l.B.1

REFERENCE PROPERTIES OF HOLT1TE-A NEUTRON SHILD MATERLAL

PHYSICAL PROPERTIES
% ATH 62 nominal
Specific Gravity 1.68 g/cc nominal
Max. Continuous Operating Temperature 300°F
Max. Short-Term Operating Temperature 350°F (Note 1)
Hydrogen Density 0.096 g/cc minimum
Radiation Resistance Excellent
CHEMICAL PROPERTIES (Nominal)
wt*/o Aluminum 21.5
wt% Hydrogen 6.0
wtP/e Carbon 27.7
wt0/o Oxygen 42.8
wt/o Nitrogen 2.0
wth B4C 1.0

I

NOTES:

1. As defined in Section 2.2, all operations involving the HI-TRAC transfer cask are short-term
operating conditions. The short-term operating temperature limit is, therefore, the appropriate
maximum design temperaturefor the Holtite-A in the HI-TRAC transfer cask
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APPENDIX D): Requirements on HI-STORM 100 Shielding Concrete

lID.I Introduction

The HI-STORM 100 overpack utilizes plain concrete for neutron and gamma shielding. 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 HIl-STORM 100
overpack places no reliance on the tension-competence of the shielding concrete. ACI 318-95
provides formulas for -permissible compressive and bearing stresses in plain concrete which
incorporate a penalty over the corresponding permissible values in reinforced concrete. The formulas
for permissible compressive and bearing stresses set forth in ACI 318-95 are used in calculations
supporting this TSAR in load cases involving compression or bearing loads on the overpack
concrete. However, since ACI 318-95 is intended for commercial applications and the overpack
concrete is designated as an ITS Category B material, it is necessary to invoke provisions ofACI 349
(85) (which is sanctioned by NUREG-1536) for all requirements except for the allowable stress
formulas (which do not exist in ACI 349) and load combinations. This appendix provides a complete
set of criteria applicable to the plain concrete in the HI-STORM 100 overpack.

1 .D.2 -Design Reguirements

The primary function of the plain concrete is to provide neutron and gamma shielding. As plain
concrete is a competent structural member in compression, the plain concrete's effect on the
performance ofthe HI-STORM overpack is included. The formulas forpermissible compressive and
bearing stresses set forth in ACI 318-95 are used. However, as plain concrete has very limited
capabilities in tension, no tensile strength is allotted to the concrete.

The steel structure ofthe HI-STORM overpack provides the strength to meet all load combinations
specified in Chapters 2 and 3. Credit for the structural strength of the plain concrete is limited to the
compressive load carrying capability of the concrete in calculations appropriate to handling and
transfer operations, and to demonstrate that the HI-STORM 100 System continues to provide
functional performance in a post-accident environment. Therefore, the load combinations provided in
ACI 349 and NUREG-1 536, Table 3-1 are not applied to the plain concrete.

The shielding performance of the plain concrete is maintained by ensuring that 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.1 . 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.
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1.D.3 Material Requirements

Table lID.1 provides the material limitations and requirements applicable to the overpack plain
concrete. These requirements are drawn from ACI 349 (85) supplemented by the provisions of
NUREG 1536 (page 3-2 1) and standard good practice. Two different minimnum concrete densities are
specified for the overpack concrete, based on the presence or absence of the steel shield shell.

IDA.4 Construction Regirements

The HI-STORM 100 overpack is composed of a steel structure that houses plain concrete. The steel
structure acts as the framework for the pouring of the concrete. The steel structure defines the
dimensions of the concrete which ensures that the required thickness of concrete is provided. The
fabrication sequence for the HI-STORM 100 overpack as it pertains to the concrete is provided
below. All item numbers are taken from the design drawings. All nomenclature is taken from the
bills-of-material.

The steel structure ofthe HI-STORM 100 overpack body is assembled at a qualified steel fabrication
facility. However, access remains to the annulus formed by the overpack inner and outer shells
(Items 3 and 2, respectively); likewise, the pedestal shell (Item 5) is welded to the baseplate (Item 1)
and the pedestal platform (Item 24) to form the pedestal cavity, but penetrations exist in the baseplate
to allow placement of concrete. The steel structure of the overpack body is transported to the reactor
site or a nearby concrete facility.

Once the steel structure of the body is received, the body will be inspected to ensure the steel
structure meets the requirements of Sections 5.1 and 6.1 of ACI 349. The concrete shall be mixed,
conveyed, and deposited in accordance with Sections 5.2 through 5.4 of ACI 349. Sufficient rigidity
in the steel structure overpack body is provided such that all the concrete may be placed in a single
pour into each of the four segments formed by the inner shell (Item 3), outer shell (Item 2), and radial
plates (Item 14). If more than one pour is performed, the requirements of Section 6.4 of ACI 349
must be met for construction joints. The pedestal shell may require bracing and support in
accordance with Section 6.1 of ACI 349 to maintain the proper position and shape.

Mixing and placing ofthe concrete shall follow the guidance of Sections 5.6 and 5.7 for cold and hot
weather conditions, respectively. Consolidation of the plain concrete shall be performed in
accordance with ACI 309-87. As no reinforcement is placed in the concrete, the possibility of voids
is greatly diminished. Curing of the concrete shall be in accordance with Section 5.5 of ACI 349.
Water curing or accelerated curing using sealing materials methods may be used as described in ACI
308-92, Standard Practice for Curing Concrete. This would include the use of either a plastic film or
a curing compound.

Non-shrink grout shall be applied as necessary to account for any deviation of the concrete elevation.
To fabricate the overpack lid an identical process is followed.

Table 1 .D. 1 provides the construction limitations and requirements applicable to the overpack plain
concrete. These requirements are drawn from ACI 349 (85).

rn-STORM FSAR Proposed Rev. 2B
REPORT I1-2002444 1.D-2



I D.5 Testing Reciuirements

Table 1D.2 provides the testing requirements applicable to the overpack plain concrete. These
requirements are drawn from ACI 349 (85). - -
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Table 1.D.l: Requirements for Plain Concrete

ITEM APPLICABLE LEIIT OR REFERENCE
Density in overpack body (Minimum) 146 Wbeft' (HI-STORM 100 up to Serial Number (S/N)

7), 155 lb/f 3 (HI-STORM 100 S/N 8 and higher, and HI-
STORM lOOS)

Density in lid and pedestal (Minimum) 146 fb/*f
Specified Compressive Strength 3,300 psi (mm.)
Compressive and Bearing Stress Limit Per ACI 318-95
Cement Type and Mill Test Report Type 11; Section 3.2 (ASTM C 150 orASTM C595)
Aggregate Type Section 3.3 (including ASTM C33( Note 2))
Nominal Maximum Aggregate Size I (inch)
Water Quality Per Section 3.4
Material Testing Per Section 3.1
Admixtures Per Section 3.6

Maximum Water to Cement Ratio 0.5 (Table 4.5.2)
Maxmum Water Soluble Chloride Ion Cl in Concrete 1.00 percent by weight of cement (Table 4.5.4)
Concrete Quality Per Chapter 4 of ACI 349
Mixing and Placing Per Chapter 5 of ACI 349
Consolidation Per ACI 309-87
Quality Assurance Per Holtec Quality Assurance Manual, 1O CFR Part 72,

Appendix U commitments
Maximg -Local-Section Average Temperature Limit 32001F (See Note 3)
Under Long Term Conditions

i-1a~dnmm Section Average Temperature Limit Under 3500 F (Appendix A, Subsection A.4.2)
Short Term Conditions

Aggregate Maximum Value2 of Coefficient of Thermal 6E-06 inchlinchl0 F
Expansion (tangent in the range of 70"F to 100'F) (NUREG-1536, 3.V.2.b.i.(2Xc)2.b)

Notes:
1. AD section and table references are to ACI 349 (85).

I

I

2. The coarse aggregate shall meet the requirements of ASTM C33 for class designation I S fiom Table 3. However, if
the requirements of ASTM C33 cannot be met, concrete that has been shown by special tests or actual service to
produce concrete of adequate strength and durability meeting the requirements of Tables 1.D.l and I.D.2 is
acceptable in accordance with ACI 349 Section 33.2.

3. The 3200 OF long term temperature limit is specified in accordance with Paragraph A.1.3 of AC! 319 NUREG-
1536, Paragraph 3. V.2.bi(2)(c)2 fornormal conditions. The 3200 7F long term temperature limitisbased on (1)
the use of Type II cement, specified aggregate criteria, and the specified compressive stress in Table I .D. I (2)the
relativOly smiall increase in long term temperature limit c'er the 150'F specified in Paragraph A.1.4, and (23) the
very low maximum stresses calculated for normal and off-normal conditions in Section 3.4 of this FSAR.

2 The following aggregate types are a priori acceptable: limestone, dolomite, marble, basalt, granite, gabbro,
or rhyolite. The thermal expansion coefficient limit does not apply when these aggregates are used. Careful
consideration shall be given to the potential of long-term degradation of concrete due to chemical reactions
between the aggregate and cement selected for HI-STORM 100 overpack concrete.
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Table ID.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, "Sampling
Chloride Ion Concentration and Testing for Chloride Ion in Concrete"
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CHAPTER 2 t: PRINCIPAL DESIGN CRITERIA

This chaptercontains a compilation of design criteria applicable to the H-STORM 100 System. The
loadings and conditions prescribed herein for the WC, particularly those pertaining to mechanical
accidents, are far more severe in most cases than those required for 10CFR72 compliance. TheMPC
is designed to be in compliance with both IOCFR72 and .10CFR71 and therefore certain design
criteria arc overly conservative for storage.- This chapter sets forth the loading conditions and
relevant acceptance criteria; it does not provide results of any analyses. The analyses and results
carried out to demonstrate compliance with the design criteria are presented in the subsequent
chapters of this report.

This chapter is in full compliance with NUREG-1 536, except for the exceptions and clarifications
provided in Table 1.03. Table 1.0.3 provides theNUREG-1536 review guidance, thejustification for
the exception-or clarification, and the Holtec approach to meet the intent of the.NUREG-1536
guidance.

2.0 PRINCIPAL DESIGN CRITERIA

The design criteria for the MPC, HI-STORM overpack, and HI-TRAC transfer cask are summarized
in Tables 2.0.1, 2.0.2, and 2.03, respectively, and described in the sections that follow.

2.0.1 MPC Design Criteria

General

The MPC is designed for 40 years of service, while satisfying the requirements of lOCFR72. The
adequacy of the MPC design for the design life is discussed in Section 3.4.12.

Structural

The MPC is classified as important to safety. The MPC structural components include the internal
fuel basket and the enclosure vessel. The fuel basket is designed and fabricated as a core support
structure, in accordance with the applicable requirements of Section m, Subsection NG of the ASME
Code, with certain NRC-approved alternatives, as discussed in Section 2.2.4. The enclosure vessel is
designed and fabricated as a Class 1 component pressure vessel in accordance with Section m1,
Subsection NB of the ASME Code, with certain NRC-approved alternatives, as discussed in Section
2.2.4. The principal exception is the MPC lid, vent and drain port cover plates, and closure ring
welds to the MPC lid and shell, as discussed in Section 2.2.4. In addition, the threaded holes in the

t This chapter has been prepared in the format and section organization set forth in Regulatory
Guide 3.61. However, the material content of this chapter also fulfills the requirements of
NUREG-1 536. Pagination and numbering of sections, figures, and tables are consistent with the
convention set down in Chapter 1, Section 1.0, herein. Finally, all terms-of-art used in this chapter
are consistent with the terminology of the glossary.(Table 1.0.1) and component nomenclature of
the Bill-of-Materials (Section 1.5).
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MPC lid are designed in accordance with the requirements of ANSI N14.6 for critical lifts to
facilitate vertical MPC transfer.

The MPC closure welds are partial penetration welds that are structurally qualified by analysis, as
presented in Chapter 3. The MPC lid and closure ring welds are inspected by performing a liquid
penetrant examination of the root pass and/or final weld surface (if more than one weld pass was
required), in accordance with the drawings contained in Section 1.5. The integrity of the MPC lid
weld is further verified by performing a volumetric (or multi-layer liquid penetrant) examination,
and a Codehyd&statie pressure test and a helium leak test, in accordance with the drawings and he

The structural analysis of the MPC, in conjunction with the redundant closures and nondestructive
examination, hydrostatie pressure testing, and helium leak testing (performed during MPC
fabricatio and M clsr, provides assurance of canister closure integrity in lieu ofthe specific
weld joint requirements of Section m, Subsection NB.

Compliance with the ASME Code as it is applied to the design and fabrication of the MPC and the
associated justification are discussed in Section 2.2.4. The MPC is designed for all design basis
normal, off-normal, and postulated accident conditions, as defined in Section 2.2. These design
loadings include postulated drop accidents while in the cavity ofthe HI-STORM overpack or the HI-
TRAC transfer cask. The load combinations for which the MPC is designed are defined in Section
2.2.7. The maximum allowable weight and dimensions of a fuel assembly to be stored in the MPC
are limited in accordance with Section 2.1.5.

The structural analysis to evaluate the margin againstfuel rod damagefrom buckling under the drop
accident scenario remains unchanged considering ISG-1 1, Revision 2 because no credit for the
tensile stresses in thefuel rods due to internal pressure is taken. Because recognition of the state of
tensile axial stress in the fuel cladding permitted by ISG-)1 Revision 2, increases the resistance
under axial buckling, neglecting the internalpressure buckling analysis is conservative. Therefore,
compliance with ISG-11 Revision 2 does not have material effect on the structural analyses
summarized in Chapter 3 of this FSAR.

Thermal

VVwJThJ avlvowab Zireal fue Cldi, teveram is to ... e_ *lddn faby urn longlte v
dry storage conditions for moderate burnup fuel in the NIPC are based on LLNL Report UCID 21 l81
[2.2.11]. To provide additional conservatism, the permissible fuel cladding temperature limits, whic!
are lower than those calculated with the LLNL methodology, have been calculated based on PNL
Report 6189 [2.0.3]. Stainless steel cladding is demonstrated to withstand higher temperatures than
that of Zircaloy cladding in EPRI Report TR 106110 [2.2.13]. However, the Zircaloy fuel cladding
temperature limits are conservatively applied to the stainless steel fuel cladding. Allowable fuel
cladding temperatures for high bgrnup fuel assemblies are determined using a creep strain model,
developed by Holtec, and described in fiurher detail in Appendix 4.A. The allowable fuel cladding
temperatures which correspond to varying cooling times for the SNF to be stored in the NIR-s are
provAdAd in Table 2.2.3. I
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The design and operation of the HI-STOR(M 100 System meets the intent of the review guidance
contained in ISG-11, Revision 2 12.0.8]. Specifically, the ISG-11 provisions that are explicitly
invoked and satisfied are:

i. The thermal acceptance criteria for all commercial spent fuel (CSF) authorized by the
USNRCfor operation in a commercial reactor are unified into one set of requirements.

ii. The maximum value of the calculated temperaturefor all CSF (including ZR and stainless
steelfuel cladding materials) under longterm normal conditions of storage andfor short-
term operations, including canister dying, helium backfill, and on-site cask transport
operations must not exceed 4000 C (752 T). For drying of MPCs containing all moderate
burnupfuel, someflexibility to the system user is allowedprovided one additional criterion
on the maximum cladding stress is satisfieai as discussed in Section 4.5.

iii. The maximum fuel cladding temperature as a result ofan off-normal or accident event must
not exceed 570OC (1058IF).

iv. For High Burnup Fuel (HBF), operating restrictions are imposed to limit the maximum
temperature excursion during short-term operations to 65YC (11 7TP).

To achieve compliance with the above criteria, certain design and operational changes are
necessary as summarized below.

i- The peakfuel cladding temperature limit (PCT) for long term storage operations and short
term operations is set at 400"C (752 0F). ForMP Cs containing an moderate burnupfuel, the
fuel cladding temperature limit maybe set at 570OC (1058F) iffiel claddingstress is shown
to be less than 90 MPa. Appropriate analyses have been performed as discussed in Chapter
4 and operating restrictions added to ensure these limits are met (see Section 4.5).

Ui. For MPCs containing at least one high burnup fuel (HBF) assenbly andfor relatively high
heat load MPCs containing all MF, theforced helium dehydration (FHD) method of MPC
cavity drying must be used to meet the PCTlimit and satpy the 650C temperature excursion
criterion forHEF.

iii The off-normal and accident condition PCT limit remains unchanged (10580F).

iv. Threshold heat loads below which a loaded MPC may reside in a HI-TRAC transfercask
without supplemental cooling have been established to ensure thefuel cladding temperature
limits are metfor this normal short-term operating condition. These limits are based on the
heat load of the contained MPC and the orientation in which the HI-TRAC is handled. For
heat loads higher than the threshold values, supplemental cooling is required to ensure fuel
cladding temperatures remain below the applicable temperature limit (see Section 4 5)
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The short term allowable fuel cladding temperature that is applicable to off normal and accident
conditions, as wel as the fuel loading canister closure, and canister- tmasffc opemfions in th&4HI
TRAC transfer cask, is 57O(IO58 based onP 4 -835 _2.24 1].The MPCcavity is dried using
either a vacuum diying system, or aforced helium dehydration system (seeAppend 2.B). The MPC
is backfilled with 99.995% pure helium in accordance with the technicalspecfic ielimits in Table
1.2.2 during canister sealing operations to promote heat transfer and prevent cladding degradation.

The design temperatures for the structural steel components of the MPC are based on the temperature
limits provided in ASME Section I, Part D, tables referenced in ASME Section m, Subsection NB
andNG, for those load conditions under which material properties are relied on for a structural load
combination. The specific design temperatures for the components ofthe MPC are provided in Table
2.2.3.

The MPCs are designed for a bounding thermal source term, as described in Section 2.1.6. The
maximum allowable fuel assembly heat load for each MPC is limited in ascordance with the
Apprved Contents section O Appendix B to the Covas specified in Section 2.1.9.

Each MPC model, except MPC-68F, allows for two fuel loading strategies. The first is uniform fuel
loading, wherein any authorized fuel assembly may be stored in any fuel storage location, subject to
other restrictions in4he GeG, such as pet fe laign-location requirements for damaged
fuel containers (DFCs) and fuel with integral non-fuel hardware (e.g., control rod assemblies). The
second is regionalized fuel loading, wherein the basket is segregated into two regions. as defined ia
Appendix B to the CoC. Region 1 is the inner region where fuel assemblies with higher heat
emission rates maybe stored and Region 2 is the outer region where fuel assemblies with lowerheat
emission rates are stored. Regionalized loading allows for storage of fuel assemblies with higher
heat emission rates (in Region 1) than would otherwise be authorized for loading under a uniform
loading strategy. Regionalized loading strategies must also comply with other requirementsofthe
elG, such as those for DFCs and non-fuel hardware. Specific fuel assembly cooling time, burnup,

and decay heat limits for regionalized loading are presented in Section 2.1.9
Approved Contents section of Appendix B to the CoC. The two fuel loading regions are defined by
fuel storage location number in Table 2.1.13 (refer to Figures 1.2.2 through 1.2.4). Regionalized fuel
loading meets the intent of preferential fuel loading. For MPC-68F, only uniform loading is
permitted.

Shielding

The allowable doses for an ISFSI using the MI-STORM 100 System are delineated in I OCFR72. 104
and 72.106. Compliance with these regulations for any particular array of casks at an ISFSI is
necessarily site-specific and is to be demonstrated by the licensee, as discussed in Chapters 5 and 12.
Compliance with these regulations for a single cask and several representative cask arrays is
demonstrated in Chapters 5 and 710.

The MPC provides axial shielding at the top and bottom ends to maintain occupational exposures
ALARA during canister closure and handling operations. The occupational doses are controlled in
accordance with plant-specific procedures and ALARA requirements (discussed in Chapter 10).
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The MPCs are designed for design basis fuel as described in Sections 2.1.7 and 5.2. The radiological
source tem for the MPCs is limited based on the bumup and cooling times specified inm B
to the Co Section 2.1.9. Calculated dose rates for each MPC are provided in Section 5.1. These
dose rates are used to perform an occupational exposure evaluationrinaccordance wih CFR20, as
discussed in Chapter 10.

Crdit

The MPCs provide criticality control for all design basis normal, off-normal, and postulated accident
conditions, as discussed in Section 6.1. The effective neutron multiplication factor is limited to kfy<
0.95 for fresh unirradiated fuel with optimum water moderation and close reflection, including all
biases, uncertainties, and WPC manufacturing tolerances.

Criticality control is maintained by the geometric spacing of the fuel assemblies, fixed borated
neutron absorbing materials (Beral) incorporated into the fuel basket assembly, and, for certain MPC
models, soluble boron in the MPC water. The minimum specified boron concentration verified
during Befl neutron absorber manufacture is further reduced by 25% for criticality analysisfor
Boral- equzpped MPCs and by 10%for ME TA Au -equiopedMPCs. No credit is taken for burnup.
The maximum allowable initial enrichment for fuel assemblies to be stored in each MPC is limited
in accordance with the Approved Contents section of Appendix B to the CoC. Enrichment limits and
1soluble boron concentration requirements are delineated in Section 2.1.the ebnical
Specifications i Appedi A to the CoC consistent with the criticality analysis described in Chapter
6.

Confinement

The MPC provides for confinement of all radioactive materials for all design basis normal, off-
normal,andpostulatedaccidentconditions,disssed inSection 7.1.As discussed inSection 7.1,
the Holtec MPC design meets the guidance in Interim Staff Guidance 18 to classijy confinement
boundary leakage as non-credible. I - mcaistic breach ofthe canister and subsequentreas
of available-fission poducts in accordance v.ith speeA icd release frations is considXrc ae
discussed in Section 7.3. Therefore, no confinement dose analysis is per formed. The confinement
function of the MPC is verified through hydrestatirpressure testingfabrication shop helium leak
testing and weld examinations performed in accordance with the acceptance test program in Chapter
9.

Operations

There are no radioactive effluents that result from storage or transfer operations. Effluents generated
during MPC loading are handled by the plant's radwiste system and procedures.
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Generic operating procedures for the HI-STORM 100 System are provided in Chapter 8. Detailed
operating procedures will be developed by the licensee based on Chapter 8, site-specific
requirements that comply with the IOCFR50 Technical Specifications for the plant, and the HI-
STORM 100 System CoC.

Acceptance Tests and Maintenance

The fabrication acceptance basis and maintenance program to be applied to the MPCs are described
in Chapter 9. The operational controls and limits to be applied to the MPCs are discussed in Chapter
12. Application of these requirements will assure that the MPC is fabricated, operated, and
maintained in a manner that satisfies the design criteria defined in this chapter.

Decommissioning

The MPCs are designed to be transportable in the rn-STAR overpack and are not required to be
unloaded prior to shipment off-site. Decommissioning of the FI-STORM 100 System is addressed in
Section 2.4.

2.0.2 HI-STORM Overpack Design Criteria

General

The H-STORM overpack is designed for 40 years of service, while satisfying the requirements of
IOCFR72. The adequacy of the overpack design for the design life is discussed in Section 3.4.11.

Structural

The HI-STORM overpack includes both concrete and structural steel components that are classified
as important to safety.

The concrete material is defined as important to safety because of its importance to the shielding
analysis. The primary function ofthe HI-STORM overpack concrete is shielding of the gamma and
neutron radiation emitted by the spent nuclear fuel.

Unlike other concrete storage casks, the HI-STORM overpack concrete is enclosed in steel inner and
outer shells connected to each other by four radial ribs, and top and bottom plates. Where typical
concrete storage casks are reinforced by rebar, the HI-STORM overpack is supported by the inner
and outer shells connected by four ribs. As the HI-STORM overpack concrete is not reinforced, the
structural analysis of the overpack only credits the compressive strength of the concrete. Providing
further conservatism, the structural analyses for normal conditions demonstrate that the allowable
stress limits of the structural steel are met even with no credit for the strength ofthe concrete. During
accident conditions (e.g., tornado missile, tip-over, end drop, and earthquake), only the compressive
strength of the concrete is accounted for in the analysis to provide an appropriate simulation of the
accident condition. Where applicable, the compressive strength of the concrete is calculated in
accordance with ACI-318-95 [2.0.1].
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In recognition of the conservative assessment of the HI-STORM overpack concrete strength and the
primary fiuction of the concrete being shielding, the applicable requirements ofACI-349 [2.0.2] are
invoked in the design and construction of the HI-STORM overpack concrete as specified in
Appendix lD.

Steel components of the storage overpack are designed.and fabricated in accordance with the
requirements of ASME Code, Section m, SubsectionNF for Class 3 plate and shell components with
certain NRC-approved alternatives.

The overpack is designed for all normal, off-normal, and design basis accident condition loadings, as
defined in Section 22. At a minimum, the overpack must protect the MPC from deformation,
provide continued adequate performance, and allow the retrieval of the MPC under all conditions.
These design loadings include a postulated drop accident from the maximum allowable handling
height, consistent with the Cask Transpoil on program desmred in Technical 4eoffieati
Section 5.0 contained in Appendix A to the CoCanalysis described in Section 3.4.9. The load
combinations for which the overpack is designed are defined in Section 2.2.7. The physical
characteristics of the MPCs for which the overpack is designed are defined in Chapter 1.

Thermal

The allowable long-term section average temperature limit for the overpack concrete is established
in accordance withless than the limit inNUREG-1536, Section 3. V.2.b.i(2)(c)2, which allows a local
concrete temperature limit of300*F1 if Type H cement is used and aggregates are selected which are
acceptable for concrete in this temperature range. Appendix 1 D specifies the cement and aggregate
requirements to allow the utilization of the 3000F temperature limit of NUREG-1536.; however-a

.oe long term temperature limit of 200 is applied to the concrete. For short term
conditions the section average concrete temperature limit of 3500F is specified in accordance with
Appendix A of ACI 349. The allowable temperatures for the structural steel components are based
on the maximum temperature for which material properties and allowable stresses are provided in
Section I of the ASM Code. The specific allowable temperatures for the structural steel
components of the overpack are provided in Table 2.2.3.

The overpack is designed for extreme cold conditions, as discussed in Section 2.2.2.2. The structural
steel materials used for the storage cask that are susceptible to brittle fracture are discussed in
Section 3.1.2.3.

The overpack is designed for the maximum allowable heat load for steady-state normal conditions, in
accordance with Section 2.1.6. The thermal characteristics of the MPCs for which the overpack is
designed are defined in Chapter 4.

Shielding

The off-site dose for normal operating conditions at the controlled area boundary is limited by
IOCFR72.104(a) to a maximum of 25 mrem/year whole body, 75 mrem/year thyroid, and 25
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mrem/year for other critical organs, including contributions from all nuclear fuel cycle operations.
Since these limits are dependent on plant operations as well as site-specific conditions (e.g., the
ISFSI design and proximity to the controlled area boundary, and the number and arrangement of
loaded storage casks on the ISFSI pad), the determination and comparison of ISFSI doses to this
limit are necessarily site-specific. Dose rates for a single cask and a range of typical ISFSls using the
HI-STORM 100 System are provided in Chapters 5 and 10. The determination of site-specific ISFSI
dose rates at the site boundary and demonstration of compliance with regulatory limits is to be
performed by the licensee in accordance with IOCFR72.212.

The overpack is designed to limit the calculated surface dose rates on the cask for all MPCs as
defined in Section 2.3.5. The overpack is also designed to maintain occupational exposures ALARA
during MPC transfer operations, in accordance with 10CFR20. The calculated overpack dose rates
are determined in Section 5.1. These dose rates are used to perform a generic occupational exposure
estimate for MPC transfer operations and a dose assessment for a typical ISFSI, as described in
Chapter 10. In addition, overpack dose rates are limited in accordance with the Technical
Speeifications pr'ide1 in Appendix A to the CoC.

Confinement

The overpack does not perform any confinement function. Confinement during storage is provided
by the MPC and is addressed in Chapter 7. The overpack provides physical protection and biological
shielding for the MPC confinement boundary during MPC dry storage operations.

Operations

There are no radioactive effluents that result from MPC transfer or storage operations using the
overpack. Effluents generated during MPC loading and closure operations are handled by the plant's
radwaste system and procedures under the licensee's 1OCFR50 license.

Generic operating procedures for the HI-STORM 100 System are provided in Chapter 8. The
licensee is required to develop detailed operating procedures based on Chapter 8, site-specific
conditions and requirements that also comply with the applicable IOCFR50 technical specification
requirements for the site, and the rn-STORM 100 System CoC.

Acceptance Tests and Maintenance

The fabrication acceptance basis and maintenance program to be applied to the overpack are
described in Chapter 9. The operational controls and limits to be applied to the overpack are
contained in Chapter 12. Application of these requirements will assure that the overpack is
fabricated, operated, and maintained in a manner that satisfies the design criteria defined in this
chapter.
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Decommissioning

Decommissioning considerations for the HI-STORM 100 System, including the overpack, are
addressed in Section 2.4.

2.0.3 H1-TRAC Transfer Cask Design Criteria

General

The HI-TRAC transfer cask is designed for 40 years of service, while satisfying the requirements of
IOCFR72. The adequacy of the HI-TRAC design for the design life is discussed in Section 3.4.11.

Structural

The HI-TRAC transfer cask includes both structural and non-structural biological shielding
components that are classified as important to safety. The structural steel components of the HI-
TRAC, with the exception ofthe lifting trunnions, are designed and fabricated in accordance with the
applicable requirements of Section M, Subsection NF, of the ASME Code with certain NRC-
approved alternatives, as discussed in Section 2.2.4. The lifting trunnions and associated attachments
are designed in accordance with the requirements of NUREG-0612 and ANSI N14.6 for non-
redundant lifting devices.

The HI-TRAC transfer cask is designed for all normal, off-normal, and design basis accident
condition loadings, as defined in Section 2.2. At a minimum, the H-TRAC transfer cask must
protect the MPC from deformation, provide continued adequate performance, and allow the retrieval
of the WC under all conditions. These design loadings include a side drop from the maximum
allowable handling height, consistent with the technical specifications. The load combinations for
which the HI-TRAC is designed are defined in Section 2.2.7. The physical characteristics of each
MPC for which the HI-TRAC is designed are defined in Chapter 1.

Thermal

The allowable temperatures for the HI-TRAC transfer cask structural steel components are based on
the maximum temperature for material properties and allowable stress values provided in Section U1
of the ASME Code. The top lid of the HI-TRAC 100 and HM-TRAC 125 incorporate Holtite-A
shielding material. This material has a maximum allowable temperature in accordance with the
manufacturer's test data. The specific allowable temperatures for the structural steel and shielding
components of the HI-TRAC are provided in Table 2.2.3. The H-TRAC is designed for off-normal
environmental cold conditions, as discussed in Section 2.2.2.2. The structural steel materials
susceptible to brittle fracture are discussed in Section 3.1.2.3.

The HI-TRAC is designed for the maximum allewable-heat load analyzedfor storage operations.
provided in the technical specifications Based on the heat load of the contained MPC and the
orientation in which the transfer cask is handled, supplemental cooling may be requiredfor certain
time periods while the MPC is inside the HI-TRACtransfer cask (see Section 4.5). The HI-TRAC
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water jacket maximum allowable temperature is a function of the internal pressure. To preclude over
pressurization of the waterjacket due to boiling of the neutron shield liquid (water), the maximum
temperature of the water is limited to less than the saturation temperature at the shell design pressure.
In addition, the water is precluded from freezing during off-normal cold conditions by limiting the
minimum allowable temperature and adding ethylene glycol. The thermal characteristics ofthe fuel
for each MPC for which the transfer cask is designed are defined in Section 2.1.6. The working area
ambient temperature limit for loading operations is limited in accordance with the design criteria
establishedfor the transfer cask delineated in the Design Features section of Appendix B to the CoG.

Shielding

The HI-TRAC transfer cask provides shielding to maintain occupational exposures ALARA in
accordance with I OCFR2O, while also maintaining the maximum load on the plant's crane hook to
below either 125 tons or 100 tons, or less, depending on whether the 125-ton or 100-ton HI-TRAC
transfer cask is utilized. The HI-TRAC calculated dose rates are reported in Section 5.1. These dose
rates are used to perform a generic occupational exposure estimate for MPC loading, closure, and
transfer operations, as described in Chapter 10. A postulated HI-TRAC accident condition, which
includes the loss of the liquid neutron shield (water), is also evaluated in Section 5.1.2. In addition,
HI-TRAC dose rates are controlled in accordance with plant-specific procedures and ALARA
requirements (discussed in Chapter 10).

The HI-TRAC 125 and 125D provide better shielding than the 100 ton HI-TRAC. Provided the
licensee is capable of utilizing the 125 ton HI-TRAC, ALARA considerations would normally
dictate that the 125 ton HI-TRAC should be used. However, sites may not be capable of utilizing the
125 ton HI-TRAC due to crane capacity limitations, floor loading limits, or other site-specific
considerations. As with other dose reduction-based plant activities, individual users who cannot
accommodate the 125 ton HI-TRAC should perform a cost-benefit analysis of the actions (e.g.,
modifications) which would be necessary to use the 125 ton HI-TRAC. The cost of the action(s)
would be weighed against the value of the projected reduction in radiation exposure and a decision
made based on each plant's particular ALARA implementation philosophy.

The HI-TRAC provides a means to isolate the annular area between the MPC outer surface and the
HI-TRAC inner surface to minimize the potential for surface contamination of the MPC by spent
fuel pool water during wet loading operations. The HI-TRAC surfaces expected to require
decontamination are coated. The maximum permissible surface contamination for the Hl-TRAC is in
accordance with plant-specific procedures and ALARA requirements (discussed in Chapter 10).

Confinement

The HI-TRAC transfer cask does not perform any confinement function. Confinement during MPC
transfer operations is provided by the MPC, and is addressed in Chapter 7. The HI-TRAC provides
physical protection and biological shielding for the MPC confinement boundary during MPC closure
and transfer operations.
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Operations

There are no radioactive effluents that result from MPC transfer operations using HI-TRAC.
Effluents generated during MPC loading and closure operations are handled by the plants radwaste
system and procedures.

Generic operating procedures for the HM-STORM 100 System are provided in Chapter 8. The
licensee will develop detailed operating procedures based on Chapter 8, plant-specific requirements
including the Part 50 Technical Specifications, and the rn-STORM 100 System CoC.

Acceptance Tests and Maintenance

The fabrication acceptance basis and maintenance program to be applied to the HI-TRAC Transfer
Cask are described in Chapter 9. The operational controls and limits to be applied to the HE-TRAC
are contained in Chapter 12. Application of these requirements will assure that the HI-TRAC is
fabricated, operated, and maintained in a manner that satisfies the design criteria defined in this
chapter.

Decommissioning

Decommissioning considerations for the HI-STORM 100 Systems, including the HI-TRAC transfer
cask, are addressed in Section 2.4.

2.0.4 Principal Design Criteria for the ISFSI Pad

2.0.4.1 Desip and Construction Criteria

In compliance with IOCFR72, Subpart F, "General Design Criteria", the:HI-STORM 100 cask
system is classified as "important-to-safety' (ITS). This final safety analysis report (FSAR) explicitly
recognizes the HI-STORM 100 System as an assemblage of equipment containing numerous ITS
components. The reinforced concrete pad on which the cask is situated, however, is designated as a
non-ITS structure. This is principally because, in most cases, cask systems for storing spent nuclear
fuel on reinforced concrete pads are installed as free-standing structures. The lack of a physical
connection between the cask and the pad permits the latter to be designated as not important-to-
safety.

However, if the ZPAs at the surface of an ISFSIpad exceed the threshold limit for free-standing HI-
STORM installation set forth in the Coethis FSAR, then the cask must be installed in an anchored
configuration (HI-STORM 100A).

In contrast to an ISFSI containing free-standing casks, a constrained-cask installation relies on the
structural capacity of the pad to ensure structural safety. The Part 72 regulation require consideration
of natural phenomenon in the design. Since an ISFSI pad, in an anchored cask installation,
participates in maintaining the stability ofthe cask during "natural phenomena" on the cask and pad,
it is an ITS structure. The procedure suggested in Regulatory Guide 7.10 (2.0.4] and the associated
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NUREG [2.0.51 indicates that an ISFSI pad used to secure anchored casks should be classified as a
Category C ITS structure.

Because tipover of a cask installed in an anchored configuration is not feasible, the pad does not need
to be engineered to accommodate this non-mechanistic event However, the pernissible carryheight
for a loaded HI-STORM 100A overpack must be established for the specific ISFSI pad using the
methodology described in this FSAR, if the load handling device is not designed in accordance with
ANSI N 14.6 and does not have redundant drop protection design features. These requirements are
specified in the CoC. However, to serve as an effective and reliable anchor, the pad must be made
appropriately stiff and suitably secured to preclude pad uplift during a seismic event

Because the geological conditions vary widely across the United States, it is not possible to, a'priori,
define the detailed design of the pad. Accordingly, in this FSAR, the limiting requirements on the
design and installation of the pad are provided. The user of the HI-STORM 1 OOA System bears the
responsibility to ensure that all requirements on the pad set forth in this FSAR are fulfilled by the pad
design. Specifically, the ISFSI owner must ensure that:

* The pad design complies with the structural provisions of this report. In particular, the
requirements of ACI-349-97 [2.0.21 with respect to embedments must be assured.

* The material of construction ofthe pad (viz., the additives used in the pad concrete), and the
attachment system are compatible with the ambient environment at the ISFSI site.

* The pad is designed and constructed in accordance with a Part 72, Subpart G-compliant QA
program.

* The design and manufacturing of the cask attachment system are consistent with the
provisions of this report.

* Evaluations are performed (e.g., per 72.212) to demonstrate that the seismic and other inertial
loadings at the site are enveloped by the respective bounding loadings defined in this report.

A complete listing of design and construction requirements for an ISFSI pad on which an anchored
HI-STORM 100A will be deployed is provided in Appendix 2.A. A sample embedment design is
depicted in Figure 2.A. 1.

2.0.4.2 Applicable Codes

Factored load combinations for ISFSI pad design are provided in NUREG-1 536 [2.1.5], which is
consistent with ACI-349-85. The factored loads applicable to the pad design consist of dead weight
of the cask, thermal gradient loads, impact loads arising from handling and accident events, external
missiles, and bounding environmental phenomena (such as earthquakes, wind, tomado, and flood).
Codes ACI 360R-92, "Design of Slabs on Grade"; ACI 302.1 R, "Guide for Concrete Floor and Slab
Construction";, and ACI 224R-90, "Control of Cracking in Concrete Structures" should be used in
the design and construction of the concrete pad, as applicable. The embedment design for the HI-X
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STORM 100A (and 1OOSA) are the responsibility of the ISFSI owner and shall comply with
Appendix B to ACI-349-97 as described in Appendix 2.A. A later Code edition may be used
provided a written reconciliation is performed.

The factored load combinations presented in Table 3-1 ofNUREG 1536 are reduced in the following
to a bounding set of load combinations that are applied to demonstrate adherence to its acceptance
criteria.

a. Definitions

D = dead load including the loading due to pre-stress in the anchor studs
L= live load
W = wind load
W= tornado load
T= thermal load
F = hydrological load
E = DBE seismic load
A = accident load
H = lateral soil pressure
T. = accident thermal load
Ue- reinforced concrete available strength

Note that in the context of a complete ISFSI design, the DBE seismic load includes both the inertia
load on the pad due to its selfmass plus the interface loads transmitted to the pad to resist the inertia
loads on the cask due to the loaded cask self mass. It is only these interface loads that are provided
herein for possible use in the ISFSI structural analyses. The inertia load associated with the seismic
excitation of the self mas of the slab needs to be considered in the ISFSI owner's assessment of
overall ISFSI system stability in the presence of large uplift, overturning, and sliding forces at the
base of the ISFSI pad. Such considerations are site specific and thus beyond the purview of this
document.

b. Load Combinations for the Concrete Pad

The notation and acceptance criteria of NUREG-1536 apply.

Normal Events

U, > .4D + 1.7L

U, > .4D + 1.7 (L+H)

Off-Normal Events

U, > 1.05D + 1.275 (L+H+T)
U. > 1.05D + 1.275 (L+H+T+W)
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Accident-Level Events

Uc > D+L+H+T+F
Uc > D+L+H+T8
U. > D+L+H+T+E

U. > D+L+H+T+Wt
Uc > D+L+H+T+A

In all of the above load combinations, the loaded cask weight is considered as a live load L on the
pad. The structural analyses presented in Chapter 3 provide the interface loads contributing to "E",
"F" and "W.", which, for high-seismic sites, are the most significant loadings. The above set of load
combinations can be reduced to a more limited set by recognizing that the thermal loads acting on
the ISFSI slab are small because of the low decay heat loads from the cask. In addition, standard
construction practices for slabs serve to ensure that extreme fluctuations in environmental
temperatures are accommodated without extraordinary design measures. Therefore, all thermal loads
are eliminated in the above combinations. Likewise, lateral soil pressure load "H" will also be
bounded by "F" (hydrological) and "E" (earthquake) loads. Accident loads "A", resulting from a
tipover, have no significance for an anchored cask. The following three load combinations are
therefore deemed sufficient for structural qualification ofthe ISFSI slab supporting an anchored cask
system.

Normal Events

U, > 1.4D + 1.7 (L)
Off-Normal Events

Uc > l.05D + 1.275 (L+F)

Accident-Level Events

U. > D+L+E (or W.)
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c. Load Combination for the Anchor Studs

The attachment bolts are considered to be governed by the ASME Code, Section m, Subsection NF
and Appendix F [2.0.7]. Therefore, applicable load combinations and allowable stress limits for the
attachment bolts are as follows:

Event Class and Load -Governing ASME Code Section
Combination II[ Article for Stress Limits

Normal Events

D NF-3322.1, 3324.6
Off-Normal Events

D+F NF-3322.1, 3324.6 with all stress
limits increased by 1.33

Accident-Level Events

D+E and D+W Appendix F, Section F-1334, 1335

2.0.4.3 Limiting Design Parameters

Since the loaded HI-STORM overpack will be carried over the pad, the permissible lift height for the
cask must be determined site-specifically to ensure the integrity of the storage system in the event of
a handling accident (uncontrolled lowering ofthe load). To determine the acceptable lift height, it is
necessary to set down the limiting ISFSI design parameters. The limiting design parameters for an
anchored cask ISFSI pad and the anchor studs, as applicable, are tabulated in Table 2.0.4. The design
of steel embedments in reinforced concrete structures is governed by Appendix B of ACI-349-97.
Section B.5 in that appendix states that "anchorage design shall be controlled by the strength of
embedment steel...". Therefore, limits on the strength of embedment steel and on the anchor studs
must be set down not only for the purposes of quantifying structural margins for the design basis load
combinations, but also for the use of the ISFSI pad designer to establish the appropriate embedment
anchorage in the ISFSI pad. The anchored cask pad design parameters presented in Table 2.0.4 allow
for a much stiffer pad than the pad for free-standing HI-STORMs (Table 2.2.9). This increased
stiffness has the effect of reducing the allowable lift height. However, a lift height for a loaded HI-
STORM 100 cask (free-standing or anchored) is not required to be established if the cask is being
lifted with a lift device designed in accordance with ANSI N14.6 having redundant drop protection
design features.

In summary, the requirements for the ISFSI pad for free-standing and anchored HI-STORM
deployment are similar with a few differences. Table 2.0.5 summarizes their commonality and
differences in a succinct manner with the basis for the difference fully explained. The GeG provides
the specific requirements for ISFSI pad design and establishing lift height limits.
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2.0.4.4 Anchored Cask/ISFSI Interface

The contact surface between the baseplate of overpack and the top surface of the ISFSI pad defines
the structural interface between the HI-STORM overpack and the ISFSI pad. When HI-STORM is
deployed in an anchored configuration, the structural interface also includes the surface where the
nuts on the anchor studs bear upon the sector lugs on the overpack baseplate. The anchor studs and
their fastening arrangements into the ISFSI pad are outside of the structural boundary of the storage
cask. While the details of the ISFSI pad design for the anchored configuration, like that for the free-
standing geometry, must be custom engineered for each site, certain design and acceptance criteria
are specified herein (Appendix 2.A) to ensure that the design and construction of the pad fully
comports with the structural requirements of the M-STORM System.
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(
Table 2.0.1

MPC DESIGN CRITERIA SUMMARY

(

Type Criteria Basis FSAR Reference

Design Life:
Design 40 yrs. Table 1.2.2
License 20 yrs 1OCFR72.42(a) and

IOCFR72.236(g)
Structural:

Design Codes:
Enclosure Vessel ASME Code, Section III, 1OCFR72.24(c)(4) Section 2.0.1

Subsection NB
Fuel Basket ASME Code, Section m, 10CFR72.24(c)(4) Section 2.0.1

Subsection NG for core supports
(NG- 121) ._.

MPC Fuel Basket Supports ASME Code, Section III, I OCFR72.24(c)(4) Section 2.0.1
(Angled Plates) Subsection NGfor Internal

structures (NG-1122) .
MPC Liftina Points ANSI N14.6/NUREG-0612 IOCFR72.24(c)(4) Section 1.2.1.4

Dead Weights:
Max. Loaded Canister (dry) 90,000 lb. R.G. 3.61 Table 3.2.1

Empty Canister (dry) 42,000 lb. (MPC-24) R.G. 3.61 Table 3.2.1
45,000 lb. (MPC-24E/EF)

39,000 lb. (MPC-68/68F/68FF)
36,000 lb. (MPC-32)

Design Cavity Pressures:
Normal: 100 psig ANSVANS 57.9 Section 2.2.1.3

Off-Normal: 400 ))Opsig ANSIIANS 57.9 Section 2.2.2.1
Accident (Internal) 200 psig ANSI/ANS 57.9 Section 2.2.3.8
Accident (External) 60 psig ANSI/ANS 57.9 Sections 2.2.3.6 and 2.2.3.10

t Weights listed in this table are bounding weights. Actual weights will be less, and will vary based on as-built dimensions of the components, fuel type, and the
presence of fuel spacers and non-fuel hardware.
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Table 2.0.1 (continued)
MPC DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference

Response and Degradation Limits SNF assemblies confined in dry, lOCFR72.122(h)(1) Section 2.0.1
inert environment

Thermal:

Maximum Design Temperatures:

Structural Materials:
Stainless Steel (Normal) 7250 F ASME Code Table 2.2.3

Section II, Part D
Stainless Steel (Accident) 9500 F ASME Code Table 2.2.3

Section II, Part D
Neutron Poison:

Bef&Neutron Absorber 8000 F See SeetienTable 4.3.1 and Table 2.2.3
(normal) __ _ _ _ _ _ _ _ _ _ _ _ _Section 1.2.1.3.1

Beng-Neutron Absorber 9500 F See Seetien Table 4.3.1 and Table 2.2.3
(accident) Section 1.2.1.3.1

PWR Fuel Cladding
(Mederatc/High Burnup Fuel): _

5-yea oeeeled -9-Q /PNL 6189/podi. Sootioe 4.3AAppendi .A
6__yearooolod________ 1iNL 64.89189/ppeadb4 Soction 1.3aAppondpe l.d

"year- eeeled -ib 6-635' /9 p A 1 Seotion 4.3/Appondix 4I.A
10 yearw _ld 6__5_ _ _62_ __ PNL- 6189 ppeadio 1.An 4.3hkppendi 4.A
15-year eoeled - _ 614_____-_--_- PN6 6189/Appeadix4.A Sotlion 1.3/Appondix 4.A

B1WR Fuol Cladding
(ModereateHigh Bumup Fuel):

5 year coolcd . 710 -4 PNL 6i89 Sootion 4.3/Appondix l.A
6_yea_ ooolod ________PNL61489 Section 4.3/Appondix 1.A

7-yea ceeeled 669 F PNL-61-89 Seotion 4. /Appefndix 4.A 3
10 -yeaf eeeled - 658 -_ P.N 6189 Section 4.3/App4ndix 1.A
1 5 yea oeeeled 616 V-f PNL- 6189 Scotion 4.3/Appondix l.A
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( (
Table 2.0.1 (continued)

MPC DESIGN CRITERIA SUMMARY

C

Type Criteria Basis FSAR Reference

Canister Drying < 3 torrfor > 30 minutes (VDS)

c 21"F exiting the
demoisturizerfor > 30 NUREG-1536, ISG-If Section 4.5, Appendix 2.B

minutes or a dew point of the
APC exit gas < 22. 9"Ffor

>30 minutes(FHD) .
Canister Backfill Gas Helium Section 412.344.4
Canister Backfill Varies (see Table 1.2.2) Thermal Analysis Section 4.34
Fuel cladding temperature limitfor 752 F (400 QC) ISG-) I Section 4.3
long term storage conditions

Fuel cladding temperature limitfor 752 "F (400 C), except certain
short term operating conditions MPCs containing all moderate
(e.g., MPC drying) burnupfuel (MBF)o may u Section 4.5

1058 0F (S 70"C) for WPC drying 1G!
operations with additionalfieel

cladding stress analysis
Short Term Allowable Fuel
Gcladding -Ttemperature limitfor 10580 F (570 C) PNL 483ISG-1 I Sections 2.0.1 and 4.3
Off-Normal and Accident Events
Insolation Protected by overpack or Section 4.3

HI-TRAC
Confinement: I OCFR72.128(a)(3) and

1 OCFR72.236(d) and (e)
Closure Welds: . .

Shell Seams and Shell-to- Full Penetration Section 1.5 and Table 9.1.4
Baseplate
MPC Lid Multi-pass Partial Penetration 1OCFR72.236(e) Section 1.5 and Table 9.1.4
MPC Closure Ring Partial Penetration

Port Covers Partial Penetration I
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Table 2.0.1 (continued)
MPC DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference

NDE: __ _ _ _ __ ____1
Shell Seams and Shell-to- 100% RT or UT Table 9.1.4
Baseplate ___ _
MPC Lid Root Pass and Final Surface Chapter 8 and

100% PT; Table 9.1.4
Volumetric Inspection or

100% Surface PT each 3/8" of
weld depth l

Closure Ring Root Pass (if more than one pass Chapter 8 and
is required) and Final Surface Table 9.1.4

100% PT
Port Covers Root Pass (if more than one pass Chapter 8 and

is required) and Final Surface Table 9.1.4
100% PT

Leak Testing:
Welds Tested Shell seams, shell-to- Section 9.17.1 and Chapters 8,

baseplate, MPG lid to shell, 9, and 12
and port eovcrs to MPG lid

Medium Helium Section 9.17.2 and Chapter 12
Max. Leak Rate 5x104 atm-cm3/sec (helium) - Section 9.1Chaptr- 12(TS)

Monitoring System None 1OCFR72.128(a)(1) Section 2.3.2.1
HydrestatiePressure Testing:

Minimum Test Pressure 125 psig (hydrostatic) Ghaptem 8 and-9Sections 8.1
120 psig (pneumatic) (+3, -0 and 9.1

Psw
Welds Tested MPC Lid-to-Shell, MPC Shell Sections 8.1 and 9.1

seams, MPC Shell-to-Baseplate
Medium Water or helium Section 8.1 and Chapter 9

Retrievability:
Normnal and Off-normal: No Encroachment on Fuel 10CFR72.122(f),(h)(1), & (1) Sections 3.4, 3.5, and 3.1.2

I
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( (
Table 2.0.1 (continued)

MPC DESIGN CRITERIA SUMMARY

(

Type Criteria Basis FSAR Reference

Post (design basis) Accident Assemblies or Exceeding
Fuel Assembly Deceleration

Limits
Criticality: IOCFR72.124 &

IOCFR72.236(c)
Method of Control Fixed Borated - Section 2.3.4

Neutron Absorber, Geometry,
and Soluble Boron

Min. "?Bere% Loading 0.0267/0.0223 g/cm2 (MPC-24) Sections 2.1.8 and 6.1
(Boral/AETAA C") 0.0372/0.0310 g/cm2 (MPC-68,

MPC-68FF, MPC-24E,MPC-
24EF, aid-MPC-32 and MPC-

32F)
0.01 /cm2 (MPC-68F)

Minimum Soluble Boron Varies (sSee Tables 2.1.14 Criticality Analysis Sections 2.1.9 and 6.1; CoC,
and 2.1./6)CoC, ippcedir-A-, Appendi* -

Max. k.ff 0.95. Sections 6.1 and 2.3.4
Min. Burnup 0.0 GWd/MTU (fresh fuel) Section 6.1

Radiation Protection/Shielding: 1OCFR72.126, &
____ __ __ __ __ __ __ __ _ lOCFR72.128(a)(2)

MPC:
(norrnalloff-nornnalaccident)

MPC Closure ALARA IOCFR20 Sections 10.1, 10.2, & 10.3
MPC Transfer ALARA IOCFR20 Sections 10.1, 10.2, & 10.3

Exterior of Shielding:
(normal/off-normal/accident) _ ___

Transfer Mode Position See Table 2.0.3 1OCFR20 Section 5.1.1

..I..
I

t
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Table 2.0.1 (continued)
MPC DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference
ISFSI Controlled Area Boundary See Table 2.0.2 10CFR72.104 & Section 5.1.1 and Chapter 10

1OCFR72.106

Design Bases: 10CFR72.236(a)
Spent Fuel Specification:

Assemblies/Canister Up to 24 (MPC-24, MPC-24E & Table 1.2.1 and Section 2.1.9
MPC-24EF)

Up to 32 (MPC-32 and APC-32F)
Up to 68 (MPC-68, MPC-68F, &

MPC-68FF)

Type of Cladding ZireoaloyZR and Stainless Steel' Table 416Section 2.1.9

Fuel Condition Intact, Damaged, and Debris- Sections 2.1.2, 2.1.3, and
2.1. 9& Tablo 2.1.6

S cP^ r Appeadix B t_ the CoG for sp ific fuel An ditien reAuircments.
PWR Fuel Assemblies: II I

Type/Configuration Various Section 2.J.9Table.14

Max. Burnup 68,200 MWD/MTU CoC, Appondib BSections
2.1.9 and 6.2

Max. Enrichment Varies by fuel design Table 2.1.3 and Section 2.1.9
Max. Decay Heat/Aesea*yMPCt: 38 kW Section 4.0

(Rcgionalized fucl loading)
5-yeweeed 1470 W (NPC 21) Table 1.1.31

1540 W(MPC 2/E)

t Section 2.1.9. IThe Apprvezd CGntents Sootion ofAppendix B to tho CoC pfeyide describes the decay heat limits per assembly
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(
Table 2.0.1 (continued)

MPC DESIGN CRITERIA SUMMARY

C

Type Criteria Basis FSAR Reference

1132 WA (hApC 32) __
6 yen eeeled - 4 70 W (MPC21) |4 Tablo 4.4,31

1510 W' (MVC 21E)
1072 W (MhC 32) ;

7 ye oeeeled 1335 W (MC24) Table44
1395N4PG 24E)
~~~~~~~~~993 WP 42)

4.0-year oeeeoed 1235 W MPC 2) Table 4.4341
1290 W (IAPG 24H)
~ ~ ~ ~~ ~~~ ~~95 0 W ( P 2 _ _ _ _ _ _ _ _ _ _ _ _

44-.yeffeealed 1165 W (MPC 24) Table 4.4.31

1215 V. Q4PG 24E)
~~~~~ ~~~~~~918 W (M{PC 32')

Minimum Cooling Time: S 3 years (Intact Zr-ZR Clad CoC, Appcndix B.ection 2.19
Fuel)

,__ __ _ _ __ _ _ __ _ _ __ _ 8 years (Intact SS Clad Fuel)
Max. Fuel Assembly Weight: 1,680 lb. Table .16Section 2.1.9

(including non-fuel hardware and DFC,
as applicable)

Max. Fuel Assembly Length: 176.8 in. Table '.1.6Section 2.1.9
(Unirradiated Nominal)
Max. Fuel Assembly Width 8.54 in. FableA 4Section 2.1.9

(Unirradiated Nominal) .-
Fuel Red Fill Gaw.

Presero(mae.) 500 paig Sootion 4.3 & Table 1.3.2
BWR Fuel Assemblies:

Type Various Table 2.1.4Sections 2.1.9 and
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 6 .2

Max. Burnup 459,900 65,000 MWD/MTU GeG Apenthi-PSecfion
. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2 .1 .9

Max. Enrichment Varies by fiel design Section 2.1.964 Table 2.1.4

I

I

I

I
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Table 2.0.1 (continued)
MPC DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference
Max. Decay Heat/AayMP~t. 35.5 kW Section 4.0
(Regionalized Fuel Loading):

-ye- seeeled 501 W (MPG 68) Table 1.1.31
6__ y ear 168 W (aPC 68) Table 4.4.31
7-year ooled 119 W PC 68) TAble 4.4.31
1 0 yIear Gee!Od 406W (MPC 68) __Table 1.1.31
15 yeff eeeled 392 W MPC 68) Table 1.1.31
Minimum Cooling Time: 5-ys- 3 years antact ZR Clad GeG, Appeadk-Wection

Fuel) 2.1.9
8 years (Intact SS Clad Fuel)

Max. Fuel Assembly Weight:
w/channels and DFC, as 700 lb. Table 2I46Section 2.1.9
applicable

Max. Fuel Assembly Length 176.5in. Table 21 6Section 2.1.9
(Unirradiated Nominal)

Max. Fuel Assembly Width 5.85 in. Table 2.6Section 2.1,9
(Unirradiated Nominal)

Fuel Rd Fill Gas:

End of Life Hot-Standby 147 psig Table 4.3.5
Prossuro(mx.

Normal Design Event Conditions: O1CFR72.122(b)(1)
Ambient Temperatures See Tables 2.0.2 and 2.0.3 ANSI/ANS 57.9 Section 2.2.1.4
Handling: Section 2.2.1.2

Handling Loads 115% of Dead Weight CMAA #70 Section 2.2.1.2
Lifting Attachment Acceptance 1/10 Ultimate NUREG-0612 Section 3.4.3
Criteria 1/6 Yield ANSI N 14.6
Attachment/Component Interface 1/3 Yield Regulatory Guide 3.61 Section 3.4.3
Acceptance Criteria III
Away from Attachment ASME Code ASME Code Section 3.4.3
Acceptance Criteria Level A

Tho Approved Contents Saotien of Appendix B to the CoCSection 2.1.9.1 pHevid describes the decay heat limits per assembly.
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Table 2.0.1 (continued)

MPC DESIGN CRITERIA SUMMARY

(

Type Criteria Basis FSAR Reference

Wet/Dry Loading Wet or Dry _ Section 1.2.2.2

Transfer Orientation Vertical - Section 1.2.2.2
Storage Orientation Vertical Section 1.2.2.2

Fuel Rod Rupture Releases:
Source Term Release Fraction 1% NUREG-1536 Sections 2.2.1.3-and 7.2

2.5%' for high bumep fuel)
Fill Gases 100% NUREG-1536 Sections 2.2.1.3-and473

Fission Gases 30% NUREG-1536 Sections 2.2.1.3-and4.7

Snow and Ice Protected by Overpack ASCE 7-88 Section 2.2.1.6

Off-Normal Design Event Conditions: 1OCFR72.122(b)(1)
Ambient Temperature See Tables 2.0.2 and 2.0.3 ANSI/ANS 57.9 Section 2.2.2.2

Leakage of One Seal No Less of CGnfinement N/A ANSI/ANS 57.9 ISG-18 Sections 2.2.2.4 and 7.1
Partial Blockage of Overpack Air Inlets Two Air Inlets Blocked Section 2.2.2.5

Source Term Release Fraction:
Fuel Rod Failures' 10% NUREG-1536 Sections 2.2.2.1 a-nd7.2

i(11.5 for high burnup fil)
Fill Gases 100% NUREG-1536 Sections 2.2.2.1-and7.

Fission Gases 30% NUREG-1536 Sections 2.2.2.1-md4.L

Design-Basis (Postulated) Accident Design Events and Conditions: 1OCFR72.24(d)(2) &
10CFR72.94

Tip Over See Table 2.0.2 Section 2.2.3.2
End Drop See Table 2.0.2 Section 2.2.3.1
Side Drop See Table 2.0.3 Section 2.2.3.1

Fire See Tables 2.0.2 and 2.0.3 10CFR72.122(c) Section 2.2.3.3

Fuel Rod Rupture Releases:
Fuel Rod Failures (including 100% NUREG-1536 Sections 2.2.3.8-834
non-fuel hardware).
Fill Gases 100% NUREG-1536 Sections 2.2.3.8-wd.743

Fission Gases 30% NUREG-1536 Sections 2.2.3.8-and-7.3
Particulates & Volatiles See T hlk7.3.1 N/A j_ Sections 2.2.3.9nZd-7.3

Confinement Boundary Leakage None:I 0-6-fttm-em'/see TS ICIC rite VIM test Sections 2.2.3.9 and 7.1-end
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Table 2.0.1 (continued)
MPC DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference
(heliwn) seesi ISG-18 ____4

Explosive Overpressure 60 psig (external) I OCFR72.122(c) Section 2.2.3.10
Airflow Blockage:

Vent Blockage 100% of Overpack Air 1OCFR72.128(a)(4)
Inlets Blocked Section 2.2.3.13

Partial Blockage of MPC Basket Vent Crud Depth ESEERCO Project Section 2.2.3.4
Holes (Table 2.2.8) EP91-29

Design Basis Natural Phenomenon Design Events and Conditions: IOCFR72.92 &
1 OCFR72.122(b)(2)

Flood Water Depth 125 ft. ANSI/ANS 57.9 Section 2.2.3.6
Seismic See Table 2.0.2 1OCFR72.102(f) Section 2.2.3.7
Wind Protected by Overpack ASCE-7-88 Section 2.2.3.5
Tornado & Missiles Protected by Overpack RG 1.76 & NUREG-0800 Section 2.2.3.5
Burial Under Debris Maximum Decay Heat Load Section 2.2.3.12
Lightning See Table 2.0.2 NFPA 78 Section 2.2.3.11
Extreme Environmental See Table 2.0.2 Section 2.2.3.14
Temperature _

I
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Table 2.0.2

HI-STORM OVERPACK DESIGN CRITERIA SUMMARY

(

Type ~~~~~~~Criteria Basis FSAR Reference
Design Life:

Design 40 yrs. |__ Section 2.0.2
License 20 yrs. I OCFR72.42(a) &

O1CFR72.236(g)
Structural: _ _ ._._._._:_,

Design & Fabrication Codes:_
Concrete

Design ACT 349 as specified in IOCFR72.24(c)(4) Section 2.0.2 and
Appendix 1.D Appendix 1.D

Fabrication ACI 349 as specified in 10CF1R72.24(c)(4) Section 2.0.2 and
Appendix 1.D Appendix 1.D

Compressive Strength ACI 318-95 as specified in 1OCFR72.24(c)(4) Section 2.0.2 and
_ ____________________ Appendix 1.D Appendix L.D

Structural Steel _ _ _ _ _ _ _ _

Design ASME Code Section III, 1OCFR72.24(c)(4) Section 2.0.2
Subsection NF

Fabrication ASME Code Section m, 1OCFR72.24(c)(4) Section 2.0.2
Subsection NF

Dead Weightst: _ -__
Max. Loaded MPC (Dry) 88,135 lb. (MPC- 32) R.G. 3.61 Table 3.2.1
Max. Empty Overpack 270,000 lb. R.G. 3.61 Table 3.2.1
Assembled with Top Lid

Max. MPC/Overpack 360,000 lb. R.G. 3.61 Table 3.2.1

Design Cavity Pressures N/A -_ _ _ _ _Section 2.2.1.3
Response and Degradation Limits Protect MPC from deformation 1OCFR72.122(b) Sections 2.0.2 and 3.1

-__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _1 0 C F R 7 2 .1 2 2 ( c )

t Weights listed in this table are bounding weights. Actual weights will be less, and will vary based on as-built dimensions of the components, fuel type, and the
presence of fuel spacers and non-fiiel hardware, as applicable. I
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Table 2.0.2 (continued)
HI-STORM 100 OVERPACK DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference
Continued adequate performance IOCFR72.122(b)
of overpack 1OCFR72.122(c)

._____ __ _ Retrieval of MPC IOCFR72.122(1)
Thermal: , .

Maximum Design Temperatures:
Concrete

Local M"ximum Section 2300O F AG4-349-Appendix ANUREG- Section 2.0.2 andTables i.D.1
Average (Normal) _ 1536 and 2.2.3
Local Maximum Section 3500 F ACI 349 Appendix A Section 2.0.2 and Tables L.D.I
Average (Accident) and -2.2.3

Steel Structure -34500 F ASME Code Table 2.2.3
Section II, Part D

Insolation: Averaged Over 24 Hours 1OCFR71.71 Section 4.4.1.1.8
Confinement: None I OCFR72.128(a)(3) & N/A

_1OCFR72.236(d) & (e)
Retrievability: _ _

Normal and Off-normal No damage that precludes 1OCFR72.122(f),(h)(1), & (1) Sections 3.5 and 3.4
Accident Retrieval of MPC or Exceeding Sections 3.5 and 3.4

Fuel Assembly Deceleration
Limits

Criticality: Protection of MPC and Fuel 10CFR72.124 & Section 6.1
Assemblies 1 OCFR72.236(c)

Radiation Protection/Shielding: 1 OCFR72.126 &
10CFR72.128(a)(2)

Overpack
(Normal/Off-normal/Accident) ______________

Surface ALARA 1OCFR20 Chapters 5 and 10
Position ALARA 1OCFR20 Chapters 5 and 10

Beyond Controlled Area During 25 mrem/yr. to whole body 10CFR72.104 Sections 5.1.1, 7.2, and 10.1
Normal Operation and Anticipated 75 mrem/yr. to thyroid
Occurrences 25 mrern/yr. To any critical

-organ

I

I
I
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Table 2.0.2 (continued)

HI-STORM 100 OVERPACK DESIGN CRITERIA SUMMARY

(f'

Type Criteria Basis FSAR Reference
At Controlled Area Boundary from 5 rem TEDE or sum of DDE IOCFR72.106 Sections 5.1.2, 7.3, and 10.1

Design Basis Accident and CDE to any individual organ
or tissue (other than lens of eye)
< 50 rem. 15 rem lens dose. 50
rem shallow dose to skin or
extremity.

Design Bases:
Spent Fuel Specification See Table 2.0.1 IOCFR72.236(a) Section 2.1.9

Normal Design Event Conditions: IOCFR72.122(b)(1)
Ambient Outside Temperatures:

Max. Yearly Average 800 F ANSI/ANS 57.9 Section 2.2.1.4
Live Loadt: ANSI/ANS 57.9

Loaded Transfer Cask (max.) 245,000 lb. R.G. 3.61 Table 3.2.2
(HI-TRAC 125 Section 2.2.1.2
w/transfer lid) ;

Dry Loaded MPC (max.) 90,000 lb. R.G. 3.61 Table 3.2.1 and
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ S e c t io n 2 .2 .1 .2

Handling: __ ________Section 2.2.1.2
Handling Loads 115% of Dead Weight CMAA #70 Section 2.2.1.2
Lifting Attachment Acceptance 1/10 Ultimate NUREG-0612 Section 3.4.3
Criteria 1/6 Yield ANSI N14.6

ANSWI4 A

Attachment/Component Interface 1/3 Yield Regulatory Guide 3.61 Section 3.4.3
Acceptance Criteria
Away from Attachment ASME Code ASME Code Section 3.4.3
Acceptance Criteria Level A
Minimum Temperature During 0 F- ANSI/ANS 57.9 Section 2.2.1.2
Handling Operations

Snow and Ice Load - 100 lb./fe2 ASCE 7-88 Section 2.2.1.6

I

I1I

t Weights listed in this table are bounding weights. Actual weights will be less, and will vary based on as-built dimensions of the components, fuel type, and the
presence of fuel spacers and non-fuel hardware, as applicable.
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Table 2.0.2 (continued)
HI-STORM 100 OVERPACK DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference
Wet/Dry Loading Dry Section 1.2.2.2
Storage Orientation Vertical Section 1.2.2.2

Off-Normal Design Event Conditions: O1CFR72.122(b)(1)
Ambient Temperature

Minimum -400 F ANSI/ANS 57.9 Section 2.2.2.2
Maximum 1000 F ANSIIANS 57.9 Section 2.2.2.2
Partial Blockage of Air Inlets Two Air Inlet Section 2.2.2.5

Ducts Blocked
Design-Basis (Postulated) Accident Desi n Events and Conditions: 10CFR72.94 _ _ _ _ X

Drop Cases:
End 11 in. Section 2.2.3.1
Tip-Over Assumed (Non-mechanistic) Section 2.2.3.2

(Not applicable for HI-STORM 1 OOA)
Fire: _

Duration 217 seconds 1OCFR72.122(c) Section 2.2.3.3
Temperature 1,475a F IOCFR72.122(c) Section 2.2.3.3

Fuel Rod Rupture See Table 2.0.1 Section 2.2.3.8
Air Flow Blockage:

Vent Blockage 100% of Air Inlets Blocked 1OCFR72.128(a)(4) Section 2.2.3.13
Ambient Temperature 800 F 1OCFR72.128(a)(4) Section 2.2.3.13

Explosive Overpressure External 10 psid instantaneous, 5 psid 10 CFR 72.128(a)(4) Table 2.2.1
Differential Pressure steady state

Design-Basis Natural Phenomenon Design Events and Conditions: I0CFR72.92 &
O1CFR72.122(b)(2)

Flood
Height 125 ft. RG 1.59 Section 2.2.3.6
Velocity 15 ft/sec. RG 1.59 Section 2.2.3.6

Seismic
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Table 2.0.2 (continued)

HI-STORM 100 OVERPACK DESIGN CRITERIA SUMMARY

C

Type Criteria Basis FSAR Reference
Max. ZPA-acceleration at top of Free Standing: 10CFR72.102(f) Section 3.4.7.1
ISFSI pad GH + 0.53Gv c 0.53 Section 3.4.7.3

Anchored:
GH 2.12, Gvg 1.5

Tornado
Wind

Max. Wind Speed 360 mph RG 1.76 Section 2.2.3.5
Pressure Drop 3.0 psi RG 1.76 Section 2.2.3.5

Missiles Section 2.2.3.5
Automobile _

Weight 1,800 kg NUREG-0800 Table 2.2.5
Velocity 126 mph NUREG-0800 Table 2.2.5

Rigid Solid Steel Cylinder
Weight, 125 kg NUREG-0800 Table 2.2.5
Velocity 126 mph NUREG-0800 Table 2.2.5
Diameter 8 in. NUREG-0800 Table 2.2.5

Steel Sphere ____X__ ___ ___ __

Weight 0.22 kg NUREG-0800 Table 2.2.5
Velocity 126 mph NUREG-0800 Table 2.2.5
Diameter 1 in. NUREG-0800 Table 2.2.5

Burial Under Debris Maximum Decay Heat Load _ Section 2.2.3.12
Lightning Resistance Heat-Up NFPA 70 & 78 Section 2.2.3.11
Extreme Environmental 1250 F - Section 2.2.3.14
Temperature

Load Combinations: See Table 2.2.14 and Table 3.1.5 ANSI/ANS 57.9 and Section 2.2.7
___ __ ___ __ __ ___ __ ___ __ __ _____ _N UREG -1536

I
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TABLE 2.0.3
HI-TRAC TRANSFER CASK DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference
Design Life:

Design 40 yrs. Section 2.0.3
License 20 yrs. I0CFR72.42(a) &

1OCFR72.236(g)
Structural:

Design Codes:
Structural Steel ASME Code, Section III, IOCFR72.24(c)(4) Section 2.0.3

Subsection NF
Lifting Trunnions NUREG-0612 & ANSI N 14.6 1 OCFR72.24(c)(4)

Section 1.2.1.4
Dead Weightst:

Max. Empty Cask:
w/top lid and pool lid installed 143,500 lb. (HI-TRAC 125) R.G. 3.61 Table 3.2.2
and water jacket filled 102,000 lb. (HI-TRAC 100)

143,000 lb. (HI-TRAC 125D)
w/top lid and transfer lid 155,000 lb. (HI-TRAC 125) R.G. 3.61 Table 3.2.2
installed and water jacket filled 111,000 lb. (HI-TRAC 100)
(N/A for HI-TRAC 125D)

Max. MPC/HI-TRAC with Yoke
(in-pool lift):

Water Jacket Empty 245,000 lb. (HI-TRAC 125 and R.G. 3.61 Table 3.2.4
125D)

202,000 lb. (HI-TRAC 100)
Design Cavity Pressures:

HI-TRAC Cavity Hydrostatic ANSI/ANS 57.9 Section 2.2.1.3
Water Jacket Cavity 60 psig (internal) ANSI/ANS 57.9 Section 2.2.1.3

Response and Degradation Limits Protect MPC from deformation IOCFR72.122(b) Section 2.0.3
1OCFR72.122(c)

t Weights listed in this table are bounding weights. Actual weights will be less, and will vary based on as-built dimensions of the components, fuel type, and the
presence of fuel spacers and non-fuel hardware, as applicable.
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TABLE 2.0.3 (continued)

HI-TRAC TRANSFER CASK DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference
Continued adequate performance 1OCFR72.122(b)

of HI-TRAC transfer cask 10CFR72.122(c)

Retrieval of MPC IOCFR72.122(1)
Thermal: ; ___

Maximum Design Temperature .
Structural Materials 4000 F ASME Code Table 2.2.3

Section 11, Part D
Shielding Materials ,

Lead 3500 F (max.) Table 2.2.3
Liquid Neutron Shield 3070 F (max.) Table 2.2.3
Solid Neutron Shield 3000 F (max.) (long tern) Mfflffelfe Test Data Appendix 1.B and Table 2.2.3

350 0F (max.) (short term) .
Insolation: Averaged Over 24 Hours 1OCFR71.71 Section 4.5.1.1.3

Confinement: None; 1OCFR72.128(a)(3) & N/A
;__________________________ 1OCFR 72.236(d) & (e) _

R etrievability : _ _____ _____ _____ _____

Normal and Off-normal No encroachment on MPC or 1OCFR72.122(f),(h)(1), & (1) Sections 3.5 & 3.4
After Design-basis (Postulated) Exceeding Fuel Assembly
Accident Deceleration Limits Section 3.5 & 3.4

Criticality: Protection of MPC and 1IOCFR72.124 & Section 6.1
Fuel Assemblies IOCFR72.236(c)

Radiation Protection/Shielding: 1OCFR72.126 &
__ __ __ __ __ __ __ _ _ 1 OCFR72.128(a)(2)

Transfer Cask
(Normal/Off-nornal/Accident)

Surface ALARA IOCFR20 Chapters 5 and 10
Position ALARA 10CFR20 Chapters 5 and 1O

Design Bases:
Spent Fuel Specification See Table 2.0.1 1OCFR72.236(a) Section 2.1

Normal Design Event Conditions: _ __ ___IOCFR72.122(b)(1) _

Ambient Temperatures:
Lifetime Average 1000 F ANSI/ANS 57.9 Section 2.2.1,4
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TABLE 2.0.3 (continued)
HI-TRAC TRANSFER CASK DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference
Live Load'

Max. Loaded Canister
Dry 90,000 lb. R.G. 3.61 Table 3.2.1
Wet (including water in HI- 106,570 lb. R.G. 3.61 Table 3.2.4
TRAC annulus)

Handling: Section 2.2.1.2
Handling Loads 115% of Dead Weight CMAA #70 Section 2.2.1.2
Lifting Attachment Acceptance 1/10 Ultimate NUREG-0612 Section 3.4.3

Criteria 1/6 Yield ANSI N14.6
Attachment/Component Interface 1/3 Yield Regulatory Guide 3.61 Section 3.4.3
Acceptance Criteria
Away from Attachment ASME Code ASME Code Section 3.4.3
Acceptance Criteria Level A
Minimum Temperature for 00 F ANSI/ANS 57.9 Section 2.2.1.2
Handling Operations

Wet/Dry Loading Wet or Dry Section 1.2.2.2
Transfer Orientation Vertical Section 1.2.2.2
Test Loads:

Trunnions 300% of vertical design load NUREG-0612 Section 9.1.2.1
& ANSI N14.6

Off-Normal Design Eveiit Conditions: IOCFR72.122(b)(1)
Ambient Temperature

Minimum 00 F ANSVANS 57.9 Section 2.2.2.2
Maximum 1000 F ANSI/ANS 57.9 Section 2.2.2.2

Design-Basis (Postulated) Accident Design Events and Conditions: IOCFR72.24(d)(2)
& IOCFR72.94

Side Drop 42 in. Section 2.2.3.1
Fire

Duration 4.8 minutes IOCFR72.122(c) Section 2.2.3.3
Temperature 1,4750 F IOCFR72.122(c) Section 2.2.3.3

t Weights listed in this table are bounding weights. Actual weights will be less, and will vary based on as-built dimensions of the components, fuel type, and the
presence of fuel spacers and non-fuel hardware, as applicable.
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TABLE 2.0.3 (continued)

HI-TRAC TRANSFER CASK DESIGN CRITERIA SUMMARY

c

Tpe Criteria Basis FSAR Reference
Fuel Rod Rupture See Table 2.0.1 Section 2.2.3.8

Design-Basis Natural Phenomenon Design Events and Conditions: IOCFR72.92
__________________________________ ___________________________ & I OCFR72.122(b)(2)

Missiles Section 2.2.3.5
Automobile

Weight 1800 kg NUREG-0800 Table 2.2.5
Velocity 126 mph NUREG-0800 Table 2.2.5

Rigid Solid Steel Cylinder X _

Weight 125 kg NUREG-0800 Table 2.2.5
Velocity 126 mph NUREG-0800 Table 2.2.5
Diameter 8 in. NUREG-0800 Table 2.2.5

Steel Sphere
Weight 0.22 kg NUREG-0800 Table 2.2.5
Velocity 126 mph NUREG-0800 Table 2.2.5
Diameter 1 in. NUREG-0800 Table 2.2.5

Load Combinations: See Table 2.2.14 and Table 3.1.5 ANSL/ANS-57.9 & Section 2.2.7
_ _ _ _ __ _ NUREG-1536
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TABLE 2.0.4
LIMITING DESIGN PARAMETERS FOR ISFSI PADS AND ANCHOR STUDS FOR HI-STORM 100A

Item Maximum Permitted Valuet Minimum Permitted Value
ISFSI PAD

Pad Thickness T 48 inches
Subgrade Young's Modulus from Static Tests -- 10,000 psi
(needed if pad is not founded on rock) _
Concrete compressive strength at 28 days 4,000 psi

ANCHOR STUDS
Yield Strength at Ambient Temperature None 80,000 psi
Ultimate Strength at Ambient Temperature None 1 125,000 psi
Initial Stud Tension 65ksi 1 55 ksi

t Pad and anchor stud parameters to be determined site-specifically, except where noted.
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TABLE 2.0.5
ISFSI PAD REQUIREMENTS FOR FREE-STANDING AND ANCHORED HI-STORM INSTALLATION

Item Free-Standing Anchored Comments

1. Interface between cask Contact surface between cask Same as free-standing with the All components below the top surface of the
and ISFSI and top surface of ISFSI pad addition of the bearing surface ISFSI pad and in contact with the pad

between the anchor stud nut and concrete are part of the pad design. A non-
the overpack baseplate. (The integral component such as the anchor stud
interface between the anchor stud is not part of the embedment even though it
and the anchor receptacle is at the may be put in place when the ISFSI pad is
applicable threaded or bearing formed. The embedment for the load transfer
surface). from the anchor studs to the concrete ISFSI

-___________ ___________ ____ ____ ____ ___ ____ __ _ ____ ___pad shall be exclusively cast-in-place.

2. Applicable ACI Code At the discretion of the ISFSI ACI-349-97. A later edition of this ACI-349-97 recognizes increased structural
owner. ACI-3 18 and ACI-349 Code may be used if a written role of the ISPSI pad in an anchored cask
are available candidate codes. reconciliation is performed. storage configuration and imposes

requirements on embedment design.

3. Limitations on the pad Per Table 2.2.9 Per Table 2.0.4 In free-standing cask storage, the non-
design parameters mechanistic tipover requirement limits the

stiffness of the pad. In the anchored storage
configuration, increased pad stiffness is
permitted; however, the permissible HI-
STORM carry height is reduced.

4. HI-STORM Carry Height 11 inches (for ISFSI pad Determined site-specifically. Not Appendix 3.A provides the technical basis for
parameter Set A or Set B) or, applicable if the cask is lifted with free-standing installation. Depending on the final
otherwise, site-specific. Not a device designed in accordance ISFSI pad configuration (thickness, concrete
applicable if the cask is lifted with ANSI N14.6 and having strength, subgrade,etc.), and the method of
with a device designed in redundant drop protection features. transport, an allowable cary height may need to
accordance with ANSI N14.6 be established.
and having redundant drop
protection features. ,
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TABLE 2.0.5 (continued)
ISFSI PAD REQUIREMENTS FOR FREE-STANDING AND ANCHORED HI-STORM INSTALLATION

Item Free-Slaiding Anchored Comments
5. Maximum seismic

input on the GH + UGv < 1i GH < 2.12
pad/cask contact
surface. GH is the AND
vectorial sum of the
two horizontal ZPAs Gv< 1.5
and Gv is the vertical
ZPA

6. Required minimum Greater than or equal to 0.53 (per Same as that for free-standing
value of cask to pad Table 2.2.9). condition
static coefficient of
friction (g, must be
confirmed by
testing).

7. Applicable Wind and Per Table 2.2.4, missile and wind The maximum overturning The bases are provided in Section 3.4.8 for
Large Missile Loads loading different from the moment at the base of the cask due free-standing casks; the limit for anchored

tabulated values, require IOCFR to lateral missile and/or wind casks ensures that the anchorage system
72.48 evaluation action must be less than I x 107 f- will have the same structural margins

lb. established for seismic loading.

8. Small and medium Per Table 2.2.5, missiles and Same as for free-standing cask
missiles (penetrant wind loading different from the construction.
missile) tabulated value, require 1 OCFR

72.48 evaluation.
9. Design Loadings for Per load combinations in Section Same as for free-standing cask.

the ISFSI Pad 2.0.4 using site-specific load.
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2.1 SPENT FUEL TO BE STORED

2.1.1 Determination of The Design Basis Fuel

The r1-STORM 100 System is designed to store most types of fuel assemblies generated in the
commercial U.S. nuclear industry. Boiling-water reactor(B WR) fele assemblies havebeen supplied
by The General Electric Company (GE), Siemens, Exxon Nuclear, ANF, UNC, ABB Combustion
Engineering, and Gulf Atomic. Pressurized-water- reactor (PWR) fuel assemblies are generally
supplied by Westinghouse, Babcock & Wilcox, ANF, and ABB Combustion Engineering. ANF,
Exxon, and Siemens are historically the same manufacturing company under different ownership.
Within this report, SPC is used to designate fuel manufactured by ANF, Exxon, or Siemens.
Publications such as Refs. [2.1.1] and [2.1.2] provide a comprehensive description of fuel discharged
from U.S. reactors. A central object in the design of the HI-STORM I100 System is to ensure that a
majority of SNF discharged from the U.S. reactors can be stored in one of the MPC&.

The cell openings and lengths in the fuel basket have 'been sized to accommodate'the BWR and
PWR assemblies listed in Refs. [2.1.1] and [2.1.2] except as noted below. Similarly, the cavity
length of the multi-purpose canisters has been set at a dimension which permits storing most types of
PWR fuel assemblies and BWR fuel assemblies with or without fuel channels. The one exception is
as follows:

i. The South Texas Units 1 & 2 SNF, and CE 16xl6 System 80 SNF are too longtobe
accommodated in the available MPC cavity length.

In addition to satisfying the cross sectional and length compatibility, the active fuel region of the
SNF must be enveloped in the axial direction by the neutron absorber located in the MPC fuel
basket. Alignment of the neutron absorber with the active fuel region is ensured by the use of upper
and lower fuel spacers suitably designed to support the bottom and restrain the top of the fuel
assembly. The spacers axially position the SNF assembly such that its active fuel region is properly
aligned with the neutron absorber in the fuel basket Figure 2.1.5 provides a pictorial representation
of the fuel spacers positioning the fuel assembly active fuel region. Both the upper and lower fuel
spacers are designed to perform their function under normal, off-normal, and accident conditions of
storage.

In summaly, the geometric compatibility of the SNF with the MPC designs does not require the
definition of a design basis fuel assembly. This, however, is not the case for structural, confinement,
shielding, thermal-hydraulic, and criticality criteria. In fact, a particular fuel type in a category
(PWR or BWR) may not control the cask design in all of the above-mentioned criteria. To ensure
that no SNF listed in Refs. [2.1.1] and [2.1.2] which is geometrically admissible in the MPC is
precluded, it is necessary to determine the governing fuel specification for each analysis criterion.
To make the necessary determinations, potential candidate fuel assemblies for each qualification
criterion were considered. Table 2.1.1 lists the PWR fuel assemblies that were evaluated. These fuel
assemblies were evaluated to define the governing design criteria for PWR fuel. The BWR fuel
assembly designs evaluated are listed in Table 2.1.2. Tables 2.1.3 and 2.1.4 provide the fuel
characteristics determinedtobe acceptable forstorage in the rn-STORM 100 System. Section 2.1.9
summarizes the authorizedcontentsfor the HI-STORM100 System. Any fuel assembly that has fuel
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characteristics within the range of Tables 2.1.3 and 2.1.4 and meets the other limits specified in
Section 2.1.9 is acceptable for storage in the HI-STORM 100 System. These- tTables 2.1.3 and 2.1.4
present the groups of fuel assembly types defined as "aray/classes" as described in further detail in
Chapter 6. Table 2.1.5 lists the BWR and PWR fuel assembly designs which are found to govern for
three qualification criteria, namely reactivity, shielding, and dcay heat generathermal.
Substantiating results of analyses for the governing assembly types are presented in the respective
chapters dealing with the specific qualification topic. Additional information on the design basis
fuel definition is presented in the following subsections.

2.1.2 Intact SNF Specifications

Intact fuel assemblies are defined as fuel assemblies without known or suspected cladding defects
greater than pinhole leaks and hairline cracks, and which can be handled by normal means. The
design payload for the HI-STORM 100 System is intact ZOUaleyZR orstainless steel (SS) clad fuel
assemblies with the characteristics listed in Tables 2.1.61 7 through 2.1.24. or intact stainless steel
clad fuel assemblies vith the characteristics listed in Table 2.1.8. Theplacementofasinale stainless
sted clad fuel assembly in a AVC necessitates that all fuel assemblies (stainless steel clad of
ZircaloyZR clad) stored in that MPC meet the maximum heat generation requirements for stainless
steel clad fuel specified in Table 2.1.8. Intact BWR MOX fuel assemblies shall meet the
reAuirements of Table 2.1.7.

Intact fuel assemblies without fuel rods in fuel rod locations cannot be loaded into the HI-STORM
100 unless dummy fuel rods, which occupy a volume greater than or equal to the original fuel rods,
replace the missing rods prior to loading. Any intact fuel assembly that falls within the geometric,
thermal, and nuclear limits established for the design basis intact fuel assembly, as defined in the
Approved Contents section of Appendix B to the CoGSection 21.9 can be safely stored in the H-
STORM 100 System.

The range of fuel characteristics specified in Tables 2.1.3 and 2.1.4 have been evaluated in this
FSAR and are acceptable for storage in the HI-STORM 100 System within the decay heat, burnup,
and cooling time limits specified in Section 2.1.9for intactfuel assemblies.

2.1.3 Damaged SNF and Fuel Debris Specifications

Damaged fuel and fuel debris are defined in Table 1.0.1.

To aid in loading and unloading, damaged fuel assemblies and fuel debris will be loaded into
stainless steel damaged fuel containers (DFCs) provided with 250 x 250 fine mesh screens, for
storage in the HI-STORM 100 System (see Figures 2.1.1 and 2.1.2B, C, and D). The MPC-24E
and MPC 32 is are designed to accommodate PWR damaged fuel. The MPC-24EF and MPC-32Fis
are designed to accommodate PWR damaged fuel and fuel debris. The MPC-68 is designed to
accommodate BWR damaged fuel. The MPC-68F and MPC-68FF are designed to accommodate
BWR damaged fuel and fuel debris. The appropriate structural, thermal, shielding, criticality, and
confinement analyses have been performed to account for damaged fuel and fuel debris and are
described in their respective chapters that follow. The limiting design characteristics for damaged
fuel assemblies authorized for loading in the HI STORM 100 System are provided in Table
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24-A~and Rrestrictions on the number and location of damaged fuel containers authorized for
loading in each MPC model are provided in Section 2.1.9.the Approved Contents section of
Appendix B to the CoC. Dresden Unit 1 fuel assemblies contained in Transnuclear-designed
damaged fuel canisters and one Dresden Unit I thoria rod canister have been approved for storage
directly in the HI-STORM 100 System without re-packaging (see Figures 2.1.2 and 2.1.2A).

WPC contents classified asfuel debris are requiredto be stored in DFCs and in the applicable "F"
model MPC as specified in Section 2.1.9. The `F"(or "FF") indicates the MPC Is qualfiedfor
storage of intactfuel, damagedfuel, andfuel debris, in quantities and locations specified in Section
2.1.9. The basket designsfor the standard and "F" model MPCs are identical. The lid and shell
designs of the "F" models are unique in that the uppershellportion of the canister is thickenedfor
additional strength needed underhypothetical accidentconditions of transportation under 10 CFR
71. This design feature is not requiredfor dry storage, but must be considered in fuel loadingfor
dry storage to ensure the dualppurpose function of the MPC by eliminating the need to re-package
thefuelfor transportation. Figure 2.1.9 shows the details of the dzfferences between the standard
and "F" model MPC shells. These details are common for both the PWR and BWR series MPC
models.

2.1.4 Deleted

2.1.5 Structural Parameters for Design Basis SNF

The main physical parameters of an SNF assembly applicable to the structural evaluation are the fuel
assembly length, envelope (cross sectional dimensions), and weight. These parameters, which
define the mechanical and structural design, are listed in Tables 2.1.6, 2.1.7, and 2. &.8specfi)ed in
Section 2.1.9. The centers of gravity reported in Section 3.2 are based on the maximlim fuel
assembly weight Upper and lower fuel spacers (as appropriate) maintain the axial position of the
fuel assembly within the MPC basket and, therefore, the location of the center of gravity. The upper
and lower fuel spacers are designed to withstand normal, off-normal, and accident conditions of
storage. An axial clearance of approximately 2 inches is provided to account for the irradiation and
thermal growth of the fuel assemblies. The suggested upper and lower fuel spacer lengths are listed
in Tables 2.1.9 and 2.1.10. In order to quaWli' for storage in the MPC, the SNF must satisfy the
physical parameters listed in Tables 2.1.6, 2.1.7, or2. .S5ection 2.1.9.

2.1.6 Thermal Parameters for Design Basis SNF

The principal thermal design parameter for the stored fuel is the peak fuel cladding temperature,
which is a function of the maximum heat generation rate per assembly, the allowable fuel cladding
tempetr e ling time, and the decay heat removal capabilities of the HI-STORM 100
System. No attempt is made to link the maximum allowable decay heat per fuel assembly with
burnup, enrichment, or cooling time. Rather, the decay heat perfuel assembly is adjusted to yield
peakfuel cladding temperatures with an allowance for margin to the temperature limit. The same
fuel assembly decay heats are used for all fuel assembly designs within a given class of fuel
assemblies (i.e., ZR cladPWP, stainless steel clad B WA, etc.).The maximum - .at generation ratep-
assembly for the design basis fuel assembly is based on the fuel assembly type with the highest
decay heat for a given enrichment, burnup, and cooling time. This decay heat design basis fuel
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assembly is listed in Table 2.1.5. Section 2 describes the methd usedto determine the design basi
fuel assembly tys and calculate the decay heat lo

To ensure the permissible fuel cladding temperature limits are not exceeded, the Appred Gon
section of Appendix B to the CoCSecion 2.1.9 specifies the allowable decay heat per assembly for
each MPC model. For both uniform and regionalized loading of moderate and high bumup Zealey
elad-fuel assemblies, the allowable decay heat per assembly is a function of cooling time and is
presented in Appendix B to the CoCSection 2.1.9. in Tables 2.1 5 1 7. For stainless steel clad
fuel assemblies, the allowable decay heat per assembly is not dependent upon cooling time and is
specified in Table 2.1 1 of Appendix B to the CoC. Due to the large consr Iatisms in the thermal
evaluations and the relatively long cooling times and corresponding low decay heats for stainless

stel ladfulan age dependent allowable decay heat limit is not neeessary

The specifieddeay heatload cbeaaind byvaryingburups andcooling imes. The Appmv
Contents section of-Appendix B to the CoC prov4des the burnup and cooling time limits for
ZicaloyZR clad fuel to meet the thermal vreirements form the various NPC's.

The Approved Contents section of Appendix B to the CoCSection 2.1.9 also includes separate I
cooling time, burnup, and decay heat limits for uniform fuel loading and regionalized fuel loading.
Regionalized loading allows higher heat emitting fuel assemblies to be stored in the center fuel
storage locations than would otherwise be authorized for storage underuniform loading conditions.

The fuel cladding temperature is also affected by the heat transfer characteristics of the fuel
assemblies. There is no singlefuel assembly design used in all thermal calculations that is bounding
of all others. Instead, each thermal calculation, comprising the overall thermal analysis presented in
Chapter 4, wasperformed using thefuel assembly design that results in the most conservative result
for the individual calculation. By always using theffuel assembly design that is most conservative
for a particular calculation, it is ensured that each calculation is bounding for all fuel assembly
designs. The boundingfuel assembly design for each thermal calculation andfuel type is provided in
Table 2.1.5. other facors. A govern ty th maximes the impedance to th
transmission of heat out of the fuel refined. The governing thermal parametes to
ensue that the range of SNF discussed previsly are bounded by the thermal analysis ae disaussed
in detail and specified in Chapter 4. By utilizing these bounding thernal pa
peak fuel rod cladding temperatures are conservative for actual spent fuel
greater thermal eenduefivities.

ameters, the whalchateh
assemblies which have

Finally, the axial variation in the heat generation rate in the design basis fuel assembly is defined
based on the axial burnup distribution. For this purpose, the data provided in Refs. [2.1.7] and [2.1.8]
are utilized and summarized in Table 2.1.11 and Figures 2.1.3 and 2.1.4 for reference. These
distributions are representative of fuel assemblies with the design basis burnup levels considered.
These distributions are used for analyses only, and do not provide a criteria for fuel assembly
acceptability for storage in the 1H-STORM 100 System.

Exceptfor MPC-68F, Ffuel may be stored in the WPC using one of two storage strategies, namely,
uniform loading and regionalized loading. Uniform loading allows storage of any fuel assembly in
any fuel storage location, subject to additional restrictions, such as those specified in the CoC for
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preferential fAl leading and loading of fuel assemblies containing non-fuel hardware as defined in
Table 1.0.1. Regionalized fuel loading allows for higher heat emitting fuel assemblies to be stored
in the central core basket storage locations (inner region) with lowerheat emitting fuel assemblies in
the peripheral fuel storage locations (outer region). Regionalized loading allows storage of higher
heat emitting fuel assemblies than would otherwise be permitted using the uniform loading strategy.
The definition of the regions for each MPC model and the associated burnup, cooling time, and
decay heat limits are found-defined in Appendix B to the CoCTable 2.1.13. Regionalized fuel
loading meets the intent of preferential fuel loading. is not permitted in MPC-68F.

2.1.7 Radiological Parameters for Design Basis SNF

The principal radiological design criteria for the HI-STORM 100 System are the I OCFR72. 104 site
boundary dose rate limits and maintaining operational dose rates as low as reasonably achievable
(ALARA). The radiation dose is directly affected by the gamma and neutron source terms of the
SNF assembly.

The gamma and neutron sources are separate and are affected differentlyby enrichment, burnup, and
cooling time. It is recognized that, at a given burnup, the radiological source terms increase
monotonically as the initial enrichment is reduced. The shielding design basis fuel assembly,
therefore, is evaluated at conservatively high burnups, low cooling times, and low enrichments, as
discussed in Chapter 5. The shielding design basis fuel assembly thus bounds all other fuel
assemblies.

The design basis dose rates can be met by a variety of burnup levels and cooling times. he
Approved C t tion of Appendix _ to the Co.S1ction 2..9 provides the procedure for
determining burnup and cooling time limits for all of the authorized fuel assembly array/classes for
both uniform fuel loading and regionalized loading.

Table 2.1.11 and Figures 2.1.3 and 2.1.4 provide the axial distribution for the radiological source
terms for PWR and BWR fuel assemblies based on the axial burnup distribution. The axial bumup
distributions are representative of fuel assemblies with the design basis burnup levels considered.
These distributions are used for analyses only, and do not provide a criteria for fuel assembly
acceptability for storage in the rH-STORM 100 System.

Thoria rods placed in Dresden Unit 1 Thoria Rod Canisters meeting the requirements of Table 2.1.12
and Dresden Unit 1 fuel assemblies with one Antimony-Beryllium neutron source have been
qualified for storage. Up to one Thoria Rod Canister is authorized for storage in combination with
other intact and damaged fuel, and fuel debris as specified in Appendix B to the CoCSection 2.1.9.

Non-fuel hardware,-as defined in Table 1.0.1, EditheCoC has been evaluated andis authorized for
storage in the PWR MPCs as specified in Appendix B to the CoCSection 2.1.9.

2.1.8 Criticality Parameters for Design Basis SNF

As discussed earlier, the MPC-68, MPC-68F, MPC-68FF, and MPC-32 and MPC-32F feature a
basket without flux traps. In the aforementioned baskets, there is one panel of neutron absorber
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between two adjacent fuel assemblies. The MPC-24, MPC-24E, and MPC-24EF employ a
construction wherein two neighboring fuel assemblies are separated by two panels of neutron
absorber with a water gap between them (flux trap construction).

The minimum 10B areal density in the neutron absorber panels for each MPC model is shown in
Table 2.1.15.

For all MPCs, the 10B areal density used for the criticality analysis is conservatively established
below at 45%o-ef-the minimum values shown in Table 2.1.15. For Boral, the value used in the
analysis is 75% of the minimum value, whilefor METAMIC, it is 90% of the minimum value. 4B
areal density to demonstrate that the reactivity under the most adverse accumulation of tolerances
and biases is less than 0.95. This is consistent with NUREG-I 536 [2.1.5] which requores-suggests a
25% reduction in ' 0B areal density credit when subject to standard acceptance tests, and which
allows a smaller reduction when more comprehensive tests of the areal density are performed. A
large body of- sampl-ing daut accGumuated by Holtee from thousands of manufactured Doeng panels
indicates the average IGB areal densities to be approximately 15% greater than the specified

The criticality analyses for the MPC-24, MPC-24E and MPC-24EF (all with higher enriched fuel)
and for the MPC-32 and MPC-32F were performed with credit taken for soluble boron in the MPC
water during wet loading and unloading operations. Table 2.1.14 and 2.1.16 provides the required
soluble boron concentrations for these MPCs. AMinimum soluble boron concentration is also
included as Limiting Condition for Operation (LCO)3.3.1 in the Technical Specifications found in
Appendix A to the CoC.

2.1.9 Summary of SNF Design CriteriaAuthorized Contents

Tables 2.1.1 through 2.1.8 and Table 2.1.12 provide the design charmcteristicsTables 2.1.3, 2.1.4,
2.1.12, and 2.1.17 through 2.1.29 together specify the limits for spent fuel and non-fuel hardware
authorized for storage in the HI-STORM 100 System. The limits in these tables are derivedfrom the
safety analyses described in the following chapters of this FSAR. Much of this informationis
repeated in the Approved Contents section of Appendix B to the GoG. Only fuel meefing the
specifications in the CoC is authorized for storage. Fuel classified as damaged fuel assemblies or
fuel debris must be stored in damaged fuel containers for storage in the HI-STORM 100 System.

I

Tables 2.1.17 through 2.1.24 are the baseline tables that specify theffuel assembly limitsfor each of
the APC models, with appropriate references to the other tables in this section for certain other
limits. Tables 2.1.17 through 2.1.24 refer to Section 2.1.9.1 for ZR-cladfuel limits on minimum
cooling time, maximum decay heat, and maximum burnupfor uniform and regionalizedfuel loading.
Limits on decay heat, burnup, and cooling timefor stainless steel-cladfuel are provided in Tables
2.1.17 through 2.1.24.
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2.1.9.1 Decay Heat. Burnup. and Cooling Time Limits for ZR-Clad Fuel

Each ZR-cladffuel assembly to be stored in the HI-STORM 100 System must meet the following
limits in addition to meeting the physical limits specified elsewhere in this section to be authorized
for storage in the HI-ST ORM100 System. Eachfuel assembly to be stored must be verified to have:

* A decay heat less than or equal to the maximum allowable value, including consideration of
PWR non-fuel hardware, as applicable.

* An assembly average enrichment greater than or equal to the minimum value used in
determining the maximum allowable burnup.

* A burnup less than or equal to the maxinum allowable value.

* A cooling time greater than or equal to the minimum allowable value.

The maximum allowable ZR-clad fuel assembly decay heat values are determined using the
methodology described in Section 2.1.9.1.1 or 2.1.9.1.2 depending on whether uniformfuel loading
or regionalizedffuel loading is being implemented. The decay heat limits are independent of burnup,
cooling time, or enrichment and are based strictly on the thermal analysis described in Chapter 4.
Decay heat limits must be metfor all contents in afuel storage location (Ie.,fuel andP W non-fuel
hardware, as applicable).

The maximum allowable average burnup per fuel assembly is determined by calculation as a
function ofminimum enrichment, maximum allowable decay heat, and minimum, cooling timefrom 3
to 20years, as described in Section 2.1.9.1.3.

Section 12.2.10 describes how compliance with these limits may be verified, including practical
examples.

2.1.9.1.1 Uniform Fuel Loadin- Deca Heat Limits for ZR-Clad Fuel

Table 2.1.26provides the maximum allowable deciyheatperZR-cladfuelassemblyforuniformfuel
loadingfor each MPC model.

2.1.9.1.2 R}egionalizedFuelLoadin Deca HeatLimitsforZR-CladFuel-

The allowable maximum decay heat per ZR-ladfuel assemblyfor regionalzedfuel loadingshall be
calculated as follows. The fuel storage regions are defined in Table 2.1.13. The number offuel
storage locations in each region and the maximum total decay heatper MPC model is provided in
Table 2.1.27.

(1) Choose a value ofX between I and 6, where Xis the ratio of the maximum decay heat per

t Note that the stainless steel-cladfuel limits apply to allfuel in the WPC, if a mixture of stainless steel and
ZR-cladfuel is stored in the same WPC The stainless steel-cadfuel assembly decay heat ihnits may be
found in Table 2.1.17 through 2.1.24
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fuel assembly permitted in Region I (Rqgi d to the maximum decay heat permittedper
fuel assembly in Region 2 (qRs2 1 0 ).

(ii) Calculate qRwitn 2 using thefollowing equation:

qRqti 2 = (2 X Q)/[(1 + XM) x fNRe8Og I x X + NReO dl Equation 2.1.9.1

Where:

qRqgu 2 = Maximum allowable decay heat perfuel assembly in Region 2 (fW)

Q = Maximum allowable heat loadfor the MPCfrom Table 2.1.27 (kW)

X = Ratio of qRqg.. I to qftio. 2 chosen in Step (i)

NRegioj ] = Number offuel storage locations in Region I from Table 2.1.27

NRftio.2 = Number offuel storage locations in Region 2from Table 2.1.2 7

(i) Calculate qRegfo,,, using the following equation:

qReion u = Xx qRegon 2 Equation 2.1.9.2

Where:

qRegon I = Maximum allowable decay heat perfuel assembly in Region I (kAf9

X = Ratio of qRV,, I to qRe-g. 2 chosen in Step O)

qRegon 2 = Maximum allowable decay heat perfuel assembly in Region 2 calculated in
Step (hi) (kW)

2.1.9.1.3 Burnup Limits as a Function of Cooling Time for ZR-Clad Fuel

The maximum allowable ZR-clad fuel assembly average burnup varies with the following
parameters, based on the shielding analysis in Chapter 5:

• Minimum requiredfuel assembly cooling time
• Maximum allowable fuel assembly decay heat
• Mnimumfuel assembly average enrichment
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The calculation described in this section is usedto determine the maximum allowablefuelassembly
burnup for minimum cooling times between 3 and 20 years, using maximum decay heat and
minimum enrichment as input values. This calculation may be used to create multiple burmp versus
cooling time tables for aparticularfuel assembly array/class and different minimum enrichments.
The allowable maximum burnup for a specific fuel assembly may be calculated based on the
assembly s particular enrichment and cooling time.

(i) Choose a fuel assembly minimum enrichment, E235.

(ii) Calculate the maximum allowable fuel assembly average burnup for a minimum cooling
time between 3 and 20 years using the equation below:

BEu = (A x q) + (B x q2) + (Cx q3) + [Dx (Ez 3 fj21 + (E}x q xE23s) + (Fxq2 xE2 3j) + G

Equation 2.1.9.3

Where:

BEu = Maximum allowable assembly average burntp (MD/lAMT)

q =Maximum allowable decay heat per fuel assembly determined in Section 2.1.9.1 or
2.1.9.2 (Ek)

E235 = Minmum fuel assembly average enrichment (wt. % 235w
(e.g., for 4.05 wt. %, use 4.05)

A through G = Coefficients from Tables 2.1.28 or 2.1.29 for the applicable fuel assembly
array/class and minimum cooling time.

2.1.9.1.4 Other Considerations

In computing the allowable maximum fuel assembly decay heats and average burnups, thefollowing
requirements apply:

• Calculated burnup limits shall be rounded down to the nearest integer

• Calculated burnup limits greater than 68,200 MWD/MTUfor PWRfuel and 65, 000
MWD/MfUfor BWRfuel must be reduced to be equal to these values.

• Linear interpolation of calculated burnups between cooling times for a given fuel
assembly maximum decay heat and minimum enrichment is permitted For example, the
allowable burnupfor a minimum cooling time of 4.5 years may be interpolated between
those burnups calculatedfor 4 and 5 years.
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* ZR-cladfuel assemblies must have a minimum enrichment, as defined in Table 1.0.1,
greater than or equal to the value used in determining the maximum allowable burnup
per Section 2.1.9.1.3 to be authorizedfor storage in the MPC.

& When complying with the maximum ZR-cladfuel assembly decay heat limits, users must
accountfor the decay heatfrom PWR non-fuel hardware, as applicablefor the particular
fuel storage location, to ensure the decay heat emitted by all contents in a storage
location does not exceed the limit.

Section 12.2. 10provides a practical example of determiningfuel assembly decay heat, burnup,
and cooling time limits and verifying compliance for a set of example given fuel assemblies.

I
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Table 2.1.1

PWR FUEL ASSEMBLIES EVALUATED TO DEERMINE DESIGN BASIS SNF

Assembly Array
Class Type

B&W l5xl5 All

B&W l7xl7 All

CE 14xl4 All

CE l6xl6 All except
System 80Om

WE 14xl4 All

WE 15xlS All

WE l7x17 All

St. Lucie All

Ft Calhoun All

Haddam Neck
(Stainless Steel All
Clad)

San Onofre 1
(Stainless Steel All
Clad)

Indian Point 1 All
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Table 2.1.2

BWR FUEL ASSEMBLIES EVALUATED TO DETERMINE DESIGN BASIS SNF

Assembly Class Array Type

GE BWR/2-3 All 7x7 All 8x8 A All lOxl0

GE BWR/4-6

All 7x7 All 8x8 All All lxl

Humboldt Bay All 7x7
All 6x6 (ZiCaidyZR

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _C lad )

Dresden-i All 6x6 All 8x8

LaCrosseAll
(Stainless Steel Clad)

I
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I -Table 2.1.3
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Foel Assembly 14x14 A 14x14 B 14x14 C 14x14 D 14x14E
Array/ Class..,.

Clad Material (Note 2) ZrZR ZRZFr - SS SS

Design Initial U (kg/assy.) <44 365 <4 412 <42543S <400 <206
(Note 3) _ _ _ _ _ _ _

Initial Enrichment
(MPC-24, 24E, and 24EF < 4.6 (24) 5-4 4.6 (24) <54.6(24) < 4.0 (24) < 5.0 (24)
without soluble boron
credit) <5.0 <5.0 <5.0 <5.0 <5.0
(wt % 3U) (24E/24EF) (24E124EF) (24E/24EF) (24E/24EF) (24E124EF)
(Note7) '7_.. _

Initial Enrichment
(MPC-24, 24E, 24EF, 32
or 32F with soluble boron <5.0 <5.0 <5.0 <5.0 <5.0
credit - see Notes 5 _e d _

(wt% 235U)
No. ofFuel RodLocations 179 179 176 180 173

Fuel Clad O.D. (in.) > 0.400 > 0.417 > 0.440 > OA22 > 0.3415

Fuel Clad ID. (in.) < 0.3514 < 0.3734 < 0.3880 - 0.3890 < 0.3175

Fuel Pellet Dia. (in.) < 0.3444 < 0.3659 < 0.3805 < 0.3835 < 0.3130

Fuel Rod Pitch Cm.) < 0.556 < 0.556 < 0580 < 0.556 Note 6

Active Fuel Length (in.) < 150 < 150 < 150 <144 < 102

No. of Guide and/or 17 17 5 16 0
Instrument Tubes (Note 4)

GuideInstrument Tube > 0.017 > 0.017 > 0.038 > 0.0145 N/A
Thickness (in.) _ __I_

I

I
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Table 2.1.3 (continued)
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly 15sX15 A 15x15 B 15x15 C 15x15 D 15x15 E 1515 F
Array/Class
Clad Material ZR& ZRZF ZR& ZR& ZaR&ZR |
(Note 2)

Design Initial U < 464 473 < 464 473 < 464 473 < 44 495 < 175 495 < 475 495
(kglassy.) (Note 3)

Initial Enrichment

(anC-24E w4E, < 4.1 (24) < 4.1 (24) < 4.1 (24) < 4.1 (24) < 4.1 (24) < 4.1 (24)
and 24EF without -
soluble boron < 4.5 < 4.5 <4.5 <4.5 < 4.5 < 4.5
credt)
(Wt % 235U (24E/24EF) (24E/24EF) (24E424EF) (24E/24EF) (24E124EF) (24E/24EF)

(Note 7)

Initial Enrichment
(MPC-24, 24E, 32
or 32Fwith
soluble boron < 5.0 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
credit - see Notes
S and-7)
(wt% 7

35 U)

No. of Fuel Rod 204 204 204 208 208 208
Locations

Fuel Clad O.D. > 0.418 > 0.420 > 0.417 > 0.430 > 0.428 > 0.428
(in.) _ _

Fuel Clad I.D. < 0.3660 < 0.3736 < 0.3640 < 0.3800 < 0.3790 < 0.3820
(in.)___

Fuel Pellet Dia. < 0.3580 < 0.3671 < 0.3570 < 0.3735 < 0.3707 < 0.3742
(in .)_ _ _ _ _ _ _ __ _ _ _ _ _ _ _

Fuel Rod Pitch < 0.550 < 0.563 < 0.563 < 0.568 < 0.568 < 0.568

Active Fuel < 150 < 150 < 150 < 150 < 150 < 150
Length (in.)

No. of Guide
and/or Instrument 21 21 21 17 17 17
Tubes

Guide/Instrument
Tube Thickness > 0.0165 >0.015 > 0.0165 >0.0150 > 0.0140 > 0.0140
(in.)
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Table 2.1.3 (continued)
PNWR FUEL ASSEM3BLY CHARACTERISTICS (iote 1)

Fuel Assembly 15x15 G l5xlSH 16x16 A 17x17A 17x17 B 17x17 C
Array and Class _____ _____

Clad Material S
(Note 2) _ _ _ __ _ _ _

Design Initial U
(Wkassy.) (Note < 420 < 44S 495 < 443 448 < 467433 < 467 474 < 474 4801

3)
Inifial
Enrichment
(MPC-24,24E, < 4.0 (24) < 3.8 (24) < 4.6(24) < 4.0 (24) < 4.0 (24) < 4.0 (24)
and 24EF without
soluble boron < 4.5 < 4.2 < 5.0 <44A < 4.4 < 4.4
credit) (24Et24EF) (24E/24EF) (24E124EF) (24E/24EF) (24E/24EF) (24E/24EF)
(Wt % 235Uj)
(Note 7)

Initial
Enrichment
(MPC-24, 24E,
32 or 32Fwith < 5.0 < 5.0 5.0 <5.0 <5.0 < 5.0
soluble boron -
credit - see
Notes 5 ead7)
(wt % 23 .

No. of Fuel Rod 204 208 236 264 264 264
Locations__ _ _ _ _

Fuel Clad O.D.
(in.) > 0.422 > 0.414 > 0382 > 0.360 > 0.372 > 0.377

Fuel Clad ID. < 0.3890 < 0.3700 < 0.3320 < 0.3150 < 0.3310 < 0.3330

Fuel Pellet Dia. < 0.3825 > 0.3622 < 0.3255 < 0.3088 < 0.3232 < 0.3252

Fuel Rod Pitch < 0.563 < 0.568 < 0.506 < 0.496 < 0.496 < 0.502
(in-.)

ActiveFuel < 144 < 150 < 150 < 150 < 150 < 150
length (in.)____

No. of Guide
and/or Instrument 21 17 5 (Note 4) 25 25 25
Tubes
Guide/lnstrument
Tube Thickness > 0.0145 > 0.140 > 0.0400 > 0.016 > 0.014 > 0.020

(in .)_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Table 2.1.3 (continued)
PWR FUEL ASSEMBLY CHARACTERISTICS

Notes:

1. All dimensions are design nominal values. Maximum and minimum dimensions are specified to
bound variations in design nominal values among fuel assemblies within a given array/class.

2. Zr defignatos oladding
definition of "ZR."P

material made of ziraor .;. or zr--onium a8loys-- Table 1.0.1for the

3. Design initial uranium weight is the nominal uraniumweight specified foreach assemblybythe
fuel manufacturer or reactor user. For each PWR fuel assembly, the total uranium weight limit
specified in this table may be increased up to 2.0 percent for comparison with users' fuel records
to account for manufacturer's tolerances.

4. Each guide tube replaces four fuel rods.

5. Soluble boron concentration per Technical Specification LCO 3.3.1Tables 2.1.14 and 2.1.16, as
applicable.

6. This fuel assembly array/class includes only the Indian Point Unit 1 fuel assembly. This fuel
assembly has two pitches in different sectors of the assembly. These pitches are 0.441 inches
and 0.453 inches.

7. For those MPCs loaded with both intact fuel assemblies and damaged fuel assemblies or fuel
debris, the maximum initial enrichment of the intact fuel assemblies, damaged fuel assemblies
and fuel debris is 4.0 wt.% 2351.

1,
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Table 2.1.4
BWR FUEL ASSEMBLY CHARACTEISTICS (Note 1)

Fuel Assembly 6x6 A 6x6 B 6x6 C 7U7 A 7x7 B 8x8 A
Array and Class

Clad Material -
(Note 2), R _ _ _ _ _ _ _ _ _ _ _ ZR_ _ _ _ _ _ _ _ _R

Desig~assy.(NltiU <110 <110 <110 <100 <198 <120
(kg/assy.) (Note 3) - _ .

Maximum Planar- < 2.7 for
Average Initial U02 rods.
Enrichment (wt.% < 2.7 See Note 4 < 2.7 < 2.7 < 4.2 <2.7
I"U) for MOX
(Note 14) rods v

Initial Maximum
Rod Enrichment < 4.0 < 4.0 < 4.0 < 5.5 <5.0 <4.0
(Wt.% U) 23.

No. of Fuel Rod 35 or 36 (up -

Locations 35 or 36 to 9 MOX 36 49 49 63 or 64
_ _ _ _ _ rods) _ _._.

Fuel Clad O.D. > 0.5550 > 0.5625 > 0.5630 > 0.4860 > 0.5630 > 0.4120

Fuel Clad ID). (in.) <032
FuelCladI ) <0.505 < 0.4945 < 0.4990 <04204 < 0.4990 E 0.3620

Fuel Pellet Dia. < OA980 <0.4820 <0.4880 <0.4110 < 0.3580
(in.) <04 8 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ <0.4910

FuelRodPitch < 0.710 < 0.710 < 0.740 < 0.631 < 0.738 < 0.523

Active Fuel Length < 120 < 120 < 77.5 < 80 < 150 < 120
(in.)_ _ _ _ _ _ _ _ _ _ _ _

No. of Water Rods 1orO 1orO 0 0 orO
(Note 1 1) _ _ _ _ _ _ _ _ _

Water Rod
Thickness(in.) > 0 > 0 N/A N/A N/A > 0
CanlThickness(i.
Channel Thickness < 0.060 < 0.060 < 0.060 < 0.060 < 0.120 <0.100
(in -) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Table 2.1.4 (continued)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly 8x8 B X8i C 8x D 818 E 8s8F 9x9 A
Array and Class

Clad MaterialZR 7?fZ r Z rZR ZZ
(Note 2)

Design Initial U
(kg/assy.) <9192 < 4-9190 < 94190 < 4-9190 < 191 < 479180
(Note 3)

Maximum Planar-
Average Initial
Enrichment (wt.% < 4.2 < 4.2 < 4.2 < 4.2 < 4.0 < 4.2235U)

(Note 14)

Initial Maximum
Rod Enrichment < 5.0 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
(W t.% 23 )_ _ _ __ _ _ __ _ _

No. of Fuel Rod 63 or 64 62 60 or 61 59 64 (N7o4t/e665)

Fuel Clad O.D. > 0.4840 > 0.4830 > 0.4830 > 0.4930 > 0.4576 > 0.4400
(in.)_

Fuel Clad ID. (in.) < 0.4295 < 0.4250 < 0.4230 < 0.4250 < 0.3996 < 0.3840

Fuel Pellet Dia. <0.4195 < 0.4160 <0.4140 < 0.4160 < 0.3913 < 0.3760

Fuel Rod Pitch < 0.640 < 0.640 < 0.609 < 0.566
(in.) <0.642 < 0.641_

Design Active Fuel < 150 < 150 < 150 < 150 < 150 < 150
Length (in.)__

No. of Water Rods 2 1 -4 5 N/A 2
(Note 11) (Note 7) (Note 12)

Water Rod > 0.034 > 0.00 > 0.00 > 0.034 > 0.0315 > 0.00

Channel Thickness < 0.120 <0.120 < 0.120 <0.100 <0.100 <0.120
(in-) 0_2 _ 010 <010 <0 2

I

.t
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Table 2.1.4 (continued)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly 9E B 9x9 C 9F D t 1 99 1 9x9 G
Array and Class B 9 C99D (Note 13) (Note 13)

Cl(dNo *te2) -ZRZr ZRZF ZR;F ZR&r -ZR;Z ZRZ
(Note 2) _ _ _ _ __ _ _ _ _

Design Initial U
(kg/assy.) <M180 <4-182 <4 182 < 4W 183 < 4W 183 < 47164
(Note 3) . .

Maximum Planar-
Average Initial
Enrichment (wt.% <4.2 < 4.2 < 4.2 < 4.0 < 4.0 < 4.2
235U)
(Note 14) _

Initial Maximum
Rod Enrichment < 5.0 < 5.0 < 5.0 < 5.0 <5.0 < 5.0
(Wt.% 

t mU) . . :

No. of Fuel Rod 72 80 79 76 76 72
Locations 2 so . 76

Fuel Clad 0O.D > OA330 > 0.4230 > 0.4240 - > 0.4170 > 0.4430 > 0.4240

Fuel Clad LI).. (in.) <0.3810 < 0.3640 < 0.3640 < 0.3640
_________ < 0.3640 < 0.3860

Fuel Pellet Dia.
< 0.3740 < 0.3565 < 0.3565 <<03530 < 0.3745 < 0.3565

Fuel Rod Pitch
(in)- < 0.572 < 0.572 -t< 0.572 < 0.572 < 0.572 < 0.572

Design Active Fuel -10<5 10<5
Length (in.) < 150 < < 1 < 150 < 150 < 150

No. of Water Rods I 1
(Notell) (Note 6) 1 (Note6)

Water Rod > 0.00 > 0.020 > 0.0300 > 0.0120 > 0.0120 > 0.0320

Channel Thickness < 0.120 < 0.100 < 0.100 < 0.120 < 0.120 < 0.120
(in.) _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Table 2.1.4 (continued)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly Array lOilO A lOxlO B | 1I1 C |lxlO D |lOtO E
and Class

Clad Material (Note 2) ZRZI ZRZr ZRZ Ss Ss

Design Initial U (kg/assy.) <188 < 188 < 8 179 < 125 < 125
(Note 3)_

Maximum Planar-Average
Initial Enrichment (wL% <4.2 <4.2 <4.2 <4.0 <4.0

(Note 14)

Initial Maximum Rod
Enrichment (wt.% 235U) < 5.0 < 5.0 < 5.0 < 5.0 < 5.0

No. of Fuel Rod Locations 92/78 91/83 96 100 96
(Note 8) (Note 9) _ _ 100_96

Fuel Clad OD. (in.) > 0.4040 > 0.3957 > 0.3780 > 0.3960 > 0.3940

Fuel Clad ID. (in.) < 0.3520 < 0.3480 < 0.3294 < 0.3560 < 0.3500

Fuel Pellet Dia. (in.) < 0.3455 < 0.3420 < 0.3224 < 0.3500 < 0.3430

Fuel Rod Pitch (in.) <0.510 < 0.510 < 0.488 < 0.565 < 0.557

Length(in*) < 150 < 150 < 150 < 83 < 83

No. of WaterRods 2 1 5 0 4
(Note 11) 2 (Note 6) (Note 10) O 4

Water Rod Thickness (in.) > 0.030 > 0.00 > 0.031 N/A >0.022

Channel Thickness (in.) < 0.120 < 0.120 < 0.055 < 0.080 < 0.080

I

I
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Table 2.1.4 (continued)
BWR FUEL ASSEMBLY CHARACTERISTICS

NOTES:

1. All dimensions are design nominal values. Maximum and miimmum dimensions are
specified to bound variations in design nominal values among fuel assemblies within a given
array/class.

2. See Table .O.. for the definition of"ZR.'7 designatesdding material made ofrcninm

3. Design initial uranium weight is the nominal uranium weight specified for each assemblyby
the fuel manufacturer or reactor user. For each BWR fuel assembly, the total uranium
weight limit specified in this table may be increased up to 1.5 percent for comparison with
users' fuel records to account for manufacturer tolerances.

4. < 0.635 wt. % 235U and < 1.578 wt. % total fissile plutonium (239Pu and 24 1Pu), (wt. % of
total fuel weight, i.e., U02 plus PuO2 )

5. This assembly class contains 74 total rods; 66 full length rods and 8 partial length rods.

6. Square, replacing nine fuel rods.

7. Variable.

8. This assembly contains 92 total fuel rods; 78 full length rods and 14 partial length rods.

9. This assembly class contains 91 total fuel rods; 83 full length rods and 8 partial length rods.

10. One diamond-shaped water rod replacing the four center fuel rods and four rectangular water
rods dividing the assembly into four quadrants.

11. These rods may also be sealed at both ends and contain Zr material in lieu of water.

12. This assembly is known as "QUAD+." It has four rectangular water cross segments dividing
the assembly into four quadrants.

13. For the SPC 9x9-5 fuel assembly, each fuel rod must meet either the 9x9E or the 9x9F set of
limits or clad OD., clad I.D., and pellet diameter.

14. For those MPCs loaded with both intact fuel assemblies and damaged fuel assemblies or fuel
debris, the maximum planar average initial enrichment for the intact fuel assemblies is
limited to 3.7 wt.% 235U, as applicable.

HI-STORM FSAR Proposed Rev. 2B
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Table 2.1.5

DESIGN BASIS FUEL ASSEMBLY FOR EACH DESIGN CRITERION

Criterion |MPC 68168F BWR M P24PWR

Reactivity GE12/14 lOx with Partial B&W 15x15
(Criticality) Length Rods B&Wc~Uls 15xl5)
(Cnticality) _____ (Array/Class lOxlOA) (Amay/Class 15x15F)

Source Term GE7x7 B&W 15x15
(Shielding) (Class x7B) (Class 15x15F)

Fuel Assembly Effective
Planar Thermal GE-]i 9x9 W17x 7 OFA
Conductivity

Fuel Basket Effective
Axial Thermal GE 7x7 W 14x14 OFA
Conductivity

MPC Density and Heat GE 7x7 Wl4x14 OFA
Capacity

MPC Fuel Basket Axial
Resistance to GE-12/14 1Wx)0 B&W]5x]5
Thermosiphon Flow
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Table 2.1.6

TABLE INTEN7IONALLYDELETED

TnFrTf'KT f'UA 1V A (1VRTQ'rf MD ThITA r-r '7W1 A T ('7V7D VT A Th
.. - .DTTT

IffT1?TA I11IXMIT t

S }IC 68t68FF MqPC4SF Mc44 lUPC M E244EF MPC 22F

Max. aelismbty witma5408455
440 940 4 &S64 44 .

Max 176.5 1325.0 176. 8 .

mAx^>B. .as.m.b.y. o 400 4.8 440 4480

Max. active fuel 150 420 40 450 4150

RADIOLOCI AND TgERMA C}IARACISTIC4 :

:MP44V68/6FF mP4 MF>24P MPCG 34E4 WC 2F

Seg Table 2.1.4 See Seb Tab3 SeeTable 2.1.3 See T 2.

x beat ge. 0. 1 Tnbe 2.0.1 .nble 2.0 -he20 Table 2.0.4 Table 2.0.1

'May. nverageb1umum.:
t59,900 0 00 4 a00 75,0B OQ 80 72 54,400 75,000

44484 444544

MIhiese rae limiting valueis for. all muthorized fiel assembly amay'classes. Retfer to the
Appve Gontents section of.Appendix MU ta htCeCf sp"iic Eimits fiw cas f~'

. ~ ~~~~~ ~ ~ . . :9 .. .

Fuel assembly weihtinuding non AUDI hardwarem, and Ghannnzk, as applicable, base
An DOE 142C Dl'S [2.1.6].i ulnsml egt nldn o ilhahae n hnec asm aplcbe, bane

The maximum burnup for fuel assemblies with cladding made of matcrials other than
Zircaloy 2 or-Zircaley 4 is 4 5,000 MD'T
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Table 2.1.7

TABLE =NTENTIONALLYDELETED

ThRRIMh cmT A p2 a (1'DQI'Yf'3C rc DA Al~ A CAM~

=rLmT A c!QV-% EDT TQ 4
. sv

- __ �

rFB"I:CA P"AMlAElE''V

Maix assembly vidth (in.) ||4 8W4

Mix. ascem iy length (in.) 176 544 , 476 4

s~~~~ b a 7~~~~00 658448
1m w en y ^^._ Rs ~ f 150w S 4 b44

AMax. Actidis AMe length (in-) 4 0 440 440
Fuel rod clad material zfrealeyzR/ TheatwmZ zwraley'zR

Mx. he"t geneatin (W) 356 Tr Tale 2.0.1 44 927 Scc Tabl 2.0.1

Min. cooling tim e (y) 444 48

b~~~~~~~~~f-ii~~~~~~~~~~~~~2 4.0 5-

Max. initial enrichment for MOX rods 0.63S- vt.% x^u 0.63 wL% 3

1.578 MAt % Total 1.578 Wt* % Total Ficsile MA

Max. aveg burnup (MWDA4TtT 59,90070.000 ) 6 ,20075,000 (ZR)
________ 50,40000

Note: Rofer to the Approved Contents section of Appendix B to the CoC for restrictions on the
number and location of damaged fuel assemblies and fuel debris authorized for loading in
the HI STORM 100 System.

T hAese are limiting values for all authorized fuel assembly anay/classes. Refer to the
Approved Contents section of Appendix B to the CoC for specific limits for each fuel

Fuel assembly weight including non fuel hardware, channels, and DFC, as applicable,
based on DOE MPC DPS [2.1.6].

J. The maiximum burnup for fuel assemblies with cladding made of materials other than
Zifcaley 2 or Zircaloy 4 is 415,000 MW!MTAM
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Table 2.1.8

TABLE JN1'ENTONALLYDELTED

--. -

Ma. I tv w :die~nw O&6 444 1444

W-1 ~ ~ ~ ~ 40-18 40 48

Max. he~at genratioGnt m(twat__________u

Maxi. coinffa tim (y) 0 -9e

boron credit ("Wt.% NA4

Ma. wvn NM~T), 22S00 44100 ______________

amec o lmiting ywluef for nil authoied fulormlyay'ass Re. Relfertth
Apprce d Gonteits sectien of Appendix B to the CeC for- specifie limits for each mful

Uniraditod omia] dimensiouc are shown.

Fuel assemibly vmeiht ncuigonfehrdaendchannels, as applioable, based cn
D0-ER 1 UP C DPS [ 2.1. 6.

I
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Table 2.1.9

SUGGESTED PWR UPPER AND LOWER FUEL SPACER LENGTHS

Assembly Location of Max. Active Upper Fuel Lower Fuel
Fuel Assembly Active Fuel Fuel Length Spacer SpacerType LNgth1 w/ fromType NFH1 (in Botto (in.) (in.) Length (in.) Length (in.)

CE 14x14 157 4.1 137 9.5 10.0

CE 16x16 176.8 4.7 150 0 0

BW l5x15 165.7 8.4 141.8 6.7 4.1

W 17x17 OFA 159.8 3.7 144 8.2 8.5

W 17x17 Std 159.8 3.7 144 8.2 8.5

W 17x17 V5H 160.1 3.7 144 7.9 8.5

W 15x15 159.8 3.7 144 8.2 8.5

W 14x14 Std 159.8 3.7 145.2 9.2 7.5

W 14x14 OFA 159.8 3.7 144 8.2 8.5

Ft. Calhoun 146 6.6 128 10.25 20.25

St. Lucie 2 158.2 5.2 136.7 10.25 8.05

B&W 15x15 SS 137.1 3.873 120.5 19.25 19.25

W 15xl5 SS 137.1 3.7 122 19.25 19.25

W 14x14 SS 137.1 3.7 120 19.25 19.25

Indian Point I 137.2 17.705 101.5 18.75 20.0

Note: Each user shall specify the fuel spacer length based on their fuel assembly length,
presence of a DFC, and allowing an approximate two inch gap under the MPC lid. Fuel
spacers shall be sized to ensure that the active fuel region of intact fuel assemblies
remains within the Beal-neutron poison region of the MPC basket with water in the I
MPC.

I NFH is an abbreviation for non-fuel hardware, including control components.
Fuel assemblies with control components may require shorter fuel spacers.
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Table 2.1.10

SUGGESTED BWIR UPPER AND LOWER FUEL SPACER LENGTHS

Fuel Assembly Assembly AcieFue Max. Active Upper Fuel Lower FuelActiv FuelFuel Length Spacer Spacer
Type Len~(In.) Botom (in.) (in.) Length (in.) Length (in.)

GE/2-3 171.2 7.3 150 4.8 0

GE/4-6 7.27.3 150 0 0

Dresden 1 134.4 11.2 110 18.0 28.0

Humboldt Bay 95.0 8.0 -79 _40.5 .40.5

-Dresden I
Damaged Fuel 142.1t 11.2 110 17.0. 16.9
or Fuel Debris __ _ _ _ __ _ _ _ _

Humboldt Bay
Damaged Fuel 105.5k 8.0 79 35.25 35.25
or Fuel Debris __ _ _ __ _ _ _ _

LaCrosse 102.5 10.5 83 37.0 37.5

Note: Each user shall specify the fuel spacer length based on their fuel assembly length, presence
of a DFC, and allowing an approximate two inch gap under the UPC lid. Fuel spacers shall
be sized to ensure that the active fuel region of intact fuel assemblies remains within the

- or~al neutron poison region of the WPC basket with water in the MPC.

t Fuel assembly length includes the damaged fuel container.

I
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Table 2.1.11
NORMALIZED DISTRIBUTION BASED ON BURNUP PROFILE

PWR DISTRIBUTION'

Axial Distance From Bottom of Active Fuel Normalized Distnibution
(% of Active Fuel Length) N o r m a l i z e d _ ____ ____ ___

1 0°/ to 4-1/6% 0.5485

2 4-1/6% to 8-1/3% 0.8477

3 8-1/3% to 16-2/3% 1.0770

4 16-2/3% to 33-1/3% 1.1050

5 33-13% to 50% 1.0980

6 50% to 66-2/3% 1.0790

7 66-2/3% to 83-113% 1.0501

8 83-1/3% to 91-2/3% 0.9604

9 91-2/3% to 95-5/6% 0.7338

10 95-5/6% to 100% 0.4670

BWR DISTRIBUTION2

Interval Axial Distance From Bottom of Active Fuel
(% of Active Fuel Length) Normalized Distribution

1 0% to 4-1/6% 0.2200

2 4-1/6% to 8-1/3% 0.7600

3 8-1/3% to 16-2/3% 1.0350

4 16-2/3% to 33-1/3% 1.1675

5 33-1/3% to 50% 1.1950

6 50% to 66-2/3% 1.1625

7 66-2/3% to 83-l/3% 1.0725

8 83-1/3% to 91-2/3% 0.8650

9 91-2/3% to 95-5/6% 0.6200

10 95-5/6% to 100% 0.2200

2
Reference 2.1.7
Reference 2.1.8
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Table 2.1.12

DESIGN CHARACTERISTICS FOR THORIA RODS IN D-1 THORIA ROD CANISTERS

PARAMETER MPC-68 or M2PC-68F

Cladding Type Zircaloy-Zr)

Composition 98.2 wL% Th0 2, 1.8 wt.% U0 2

with an enrichment of 93.5 wt %
.__ _ _ _ _ _ _E__ _ _ _ _ _ _-__ _ 235U

Number of Rods Per Thoria- < 18
Canister

Decay Heat Per Thoria Canister <115 Watts

Post-Iradiation Fuel Cooling Cooling time > 18 years and
Time and Average Burnup Per average burnup < 16,000
Thoria Canister MWD/MTIHM

Initial Heavy Metal Weight < 27 kg/canister

Fuel Cladding O.D. > 0.412 inches

Fuel Cladding LD. < 0.362 inches

Fuel Pellet O.D. < 0.358 inches

Active Fuel Length < 111 inches

Canister Weight < 550 lbs., including Thoria Rods

Canister Material Type 304 SS

I

I
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Table 2.1.13
MPC Fuel Loading Regions

MPC MODEL REGION 1 REGION 2
FUEL STORAGE FUEL STORAGE

LOCATIONS* LOCATIONS

MPC-24, 24E and 24EF 9, 10, 15, and 16 All Other Locations

MPC-32/32F 7,8,
12 through 15, All Other Locations
18 through 21,

25, and 26

MPC-68/68F/68FF 11 through 14,
18 through 23,
27 through 32, AU Other Locations
37 through 42,
46 through 51,
55 through 58

I

*Note: Refer to Figures 1.2.2 through 1.2.4
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Table 2.1.14

Soluble Boron Requirements for PR PC-24124E/24EF Fuel Wet Loading and Unloading
Operations

I

FUEL ASSEMBLY MAXIMUM OLUBLE B
MPC MODEL AVERAGE ENRICHMENT CONCENTRATION

~~~~ ~~~(ppmb)

All fuel assemblies with initial
MPC-24 enrichmentt less than the prescribed 0

value for soluble boron credit

One or more fuel assemblies with an
initial enrichments greater than or

MPC-24 equal to the prescribed value for no > 400
soluble boron credit ANDand< 5.0 wt.

All fuel assemblies with initial
MPC-24E/24EF enrichmentt less than the prescribed 0

value for soluble boron credit

Allfuel assemblies classified as intact
fuel assemblies and O one or more fuel

assemblies with an initial enrichment'
greater than or equal to the prescribed >

value for no soluble boron credit
ANDand < 5.0 wt. %

MPC-24Ei/24EF One or morefuel assemblies classified
as damagedfuel orfuel debris and one

or morefuel assemblies with initial > 600
enrichment

> 4.0 wt.% and< 5.0 wt.%

A2l fuel assemblies with initial
enrichment { 1.1 mt. % 1900

One or more fuel assemblies with an
WPC 32 initial enrichmet > 2600

> .1 and. <5.0 v. . _

I
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Table 2.1.15

MINIMUM BORAL 10B LOADING IN NEUTRON ABSORBER PANELS

MINIMNUM By1- "B LOADING

MPC MODEL Boral METAHMIC
Neutron Absorber Neutron Absorber

Panels Panels
MPC-24 0.0267 0.0223

MPC-24E and MPC-24EF 0.0372 0.0310

MPC-32/32F 0.0372 0.0310

MPC-68 and MPC-68FF 0.0372 0.0310

MPC-68F 0.01 N/A (Note 1)

I

I

I

I

I

I

Notes:

1. All APC-68F canisters are equipped with Boral neutron absorber panels.
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Table 2.1.16

Soluble Boron Requirements for MPC-32 and MPC-32F Wet Loadng and Unloading
Operations

AfllIntact FuelAssemblies One or More Damaged Fuel
- AB~ntact Fuel~ssemblAssemblies or Fuel Debris

FuelAssembly - uIalInitial Initil Initial
Array/Class Enrichment Enrichment Enrichment Enrichment

<4.1 wnt% 23 U <5.0 t% 235U <4.1xSU <5.0nt%%235U
(ppmb) (ppmb) (PPmb) (ppmb)

14xU4AIBICIDIE 1,300 1,900 1,500 2,300

15x5A/B/C/G 1,800 2,500 1,900 -2,700

15kx15D/E/IH 1,900 2,600 2,100 2,900

16x16A 1,300 1,900 1,500 2,300

17x17AMB/C 1,900 2,600 2,100 2,900

I
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Table 2.1.17

LIMITS FOR MAITERIAL TO BE STORED INMPC-24

PARAMETER VALUE

Fuel Type Uranium oxide, PWR intactfuel assemblies meeting
the linits in Table 2.1.3 for the applicable array/class

Cladding Type ZR or Stainless Steel (SS) as specified in Table 2.1.3
for the applicable array/class

Maximum Initial Enrichment perAssembly As specified in Table 2.1.3 for the applicable
array/class

Post-irradiation Cooling Time andAverage ZR clad. As specified in Section 2.1.9.1
Burnup perAssembly

SSclad: >8yearsand<40,000MWD/MTU

Decay Heat Per Assembly ZR clad: As specified in Section 2.1.9.1

SS clad: < 500 Watts

Non-Fuel Hardware Burnup and Cooling As specified in Table 2.1.25
Time

FuelAssemblyLength < 176.8 in. (nominal design)

Fuel Assembly Width < 8.54 in. (nominal design)

Fuel Assembly Weight <1,680 lbs (including non-fuel hardware)

Other Limitations a Quantity is limited to up to 24 PWR intactfuel
assemblies.
Neutron sources, damagedfuel assemblies and
fuel debris are not permittedfor storage in
MPC-24.

a BPRAs, TPDs, WABAs, water displacement
guide tube plugs, orifice rod assemblies,
and/or vibration suppressor inserts may be
stored with fuel assemblies in anyfuel cell
location.
CRAs, RCCAs, CEAs, and/or APSRs may be
stored with fuel assemblies infuel cell
locations 9, 10, 15. and/or 16

a Soluble boron requirements during wet
loading and unloading are specified in Table
21.14.

I'
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Table 2.1.18

LIMITS FOR A" TERLMI TO BE STORED INMPC-68

IPARAMETER VALUE (Note ))

Fuel Type(s) Uranium oxide,
BWR intactfuel
assemblies
meeting the limits
in Table 2.1.4for
the applicable
arrayclass, with
or without
channels

Uranium oxide,
BWR damaged
fuel assemblies
meeting the limits
in Table 2.1.4 for
the applicable
array/class, with
or without
channels, placed
in Damaged Fuel
Containers
(DFCs)

AfMed Oxide
(MOX) B R
intact fuel
assemblies
meeting the
limits in Table
2.1.4for
arry/class
6x6B, with or
without ' -
channels

Mixed Oxide
(MO) BWR
damagedfuel
assemblies
meeting the
limits in Table
2.1.4for
array/class
6x6B, with or
without
channels,
placed in
Damaged Fuel
Containers
(DFCs)

Cladding Type ZR or Stainless ZR or Stainless
Steel (SS) as Steel (SS) as
specified in Table speciftedin Table ZR
2.1 .4 for the 2.1.4 for the
applicable applicable

_________________ _ -array/class array/class -

Maximum Initial As specfied in Planar Average: As specified in As specified in
Planar-Average Table 2.1.4 for the Table 2.1.4 for Table 2.1.4 for
Enrichment per applicable <2.7 w1/o 115 U array/class array/class
Assembly andRod array/class for array/classes 6x6B 6x6B
Enrichment 6x6A, 6x6C, 7x7A,

and 8x8A;

< 4.0 Wio/ 235U
for all other
array/classes

Rod:

-As specfied in
Table 2.1.4
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Table 2.1.18 (cont'd)

LIAMITS FOR MATERIAL TO BE STOREDDVINAPC-68

PARAMETER VALUE (Naote|l) i

Post-irradiation ZR clad: As ZR clad. As Cooling time > Cooling time >
Cooling Time and specified in Section specified in 18 years and 18 years and
Average Burnup per 2.1.9.1; except as Section 2.1.9.1; average burnup average burnup
Assembly provided in Notes except as provided < 30,000 < 30,000

2 and 3. in Notes 2 and 3. MWD/= MIHM MWDIM7IHM

SS clad: Note 4 SS clad: Note 4.

Decay Heat Per ZR clad. As ZR clad: As
Assembly specified in Section specified in

2.1.9.1; except as Section 2.1.9.1;
provided in Notes except as provided < 115 Watts < 115 Watts
2 and 3. in Notes 2 and 3. _

SS clad: < 95 SS clad. < 95
Watts Watts

FuelAssembly Length Arrayklasses Array/classes
6x6A, 6x6C, 7x7A, 6x6A, 6x6C, 7x7A,
and 8x8A: < 135.0 and 8x8A: <
in. (nominal 135 0 in. (nominal <135.0 in. <135.0 in.
design) design) (, (

(nominal (oia

All Other All Other design) design)
array/classes: array/classes:
<176.2 in. <176.2 im
(nominal design) (nominal design)

Fuel Assembly Width <5.85 in. (nominal Array/classes
design) 6x6A, 6x6C, 7x7A,

and 8x8A: < 4.7

i. (nominal < 4.70 in. < 4.70 in.

(nominal (nominal

All Other design) design)
array/classes:
<5.85 in.
(nominal design)
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TabZe 2.1.18 (cont'd)

LIMTS FOR MAITERL TO BE STORED lNMPC-68 I
PARAMETER VALUE (Note V1)

FuelAssembly Weight < 700 lbs. Array/classes < 400 lbs, < 550 lbs,
(including 6x6A, 6x6C, including including
channels) 7x7A, and 8x8A: channels channels and

< 550 lbs. DFC
(including
channels and
DFC)

All Other
array/classes:
< 700 lbs.
(including
channels and
DFC)

OtherLimnitations Quantity is limited to up to one (1) Dresden Unit ) thoria rod canister
meeting the speciJfications listed 'in Table 2.1.12 phus any combination
of Dresden Unit I or Humboldt Bay damagedfuel assemblies in DFCs
and intactfuel assemblies upto a total of 68.
Up to 16 damagedfuel assembliesffrom plants other than Dresden Unit
I or Hum boldt Bay may be stored in DFCs in fuel cell locations 1, 2, 3.
8, 9, 16. 25, 34, 35, 44, 53, 60, 61, 66, 67, and/or 68, with the balance
comprised ofintactfuel assemblies up to a total of 68
SS-cladfuel assemblies with stainless steel channels must be stored in
fuel cell locations 19 through 22, 28 through 31, 38 through 41, and/or
47 through 50.
Dresden Unit Ifuel assemblies with one antimony-beryllium neutron
source are permitted. The antimony-beryllium neutron source material
shall be in a water rod location.

Aw Fuel debris is notpermittedfor storage in AIPC-68.

Notes:

1. A fuel assembly must meet the requirements of any one column and the other limitations to be
authorizedfor storage.

2. Arraykclass 6x6A, 6x6C, 7x7A, and 8x8A fuel assemblies shall have a cooling time > 18year, an
average burnup < 30,000 MWD/MTU, anda maximum decay heat < 115 Watts.

3. Array/class 8x8Ffuel assemblies shall have a cooling time > 10years, an average burnup < 27,500
MWD/MTU, anda maximum, decay < 183.5 Watts.

4. SS-cladfuel assemblies shall have a cooling time > 10years, and an average burnup < 22,500
MWD/MTU.
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Table 2.1.19

IMITS FOR MITERMAL TO BE STORED NMPC-68F

PARAMETER VALUE (Notes and 2)
I . ,T.

Fuel Type(s) Uranium oxide,
BWR intactfuel
assemblies
meeting the
limits in Table
2.1.4 for
array/class
6x6A, 6x6C,
7x7A, or 8x8A,
with or without
Zircaloy
channels

Uranium oxide,
BWR damagedfuel
assemblies orfuel
debris meeting the
limits in Table
2.1.4 for
array/class 6x6A,
6x6C, 7x7A, or
8x8A, with or
without Zircaloy
channels, placed in
Damaged Fuel
Containers(DFCs)

Mixed Oxide
(MOX) B WR
intactfuel
assemblies
meeting the limits
in Table 2.1.4 for
array/class 6x6B,
with or without
Zircaloy channels

Mrixed Oxide
(MOA) BWR
damagedfuel
assemblies or
fuel debris
meeting the
limits in Table
2.1.4 for
array/class
6x6B, with or
without Zircaloy
channels,
placed in
Damaged Fuel
Containers
(DFCs))

Cladding Type ZR ZR ZR ZR

Maximum Initial As specified in As specified in As specified in As specified in
Planar-Average Table 2.1.4 for Table 2.1.4 for the Table 2.1.4 for Table 2.1.4 for
Enrichment per the applicable applicable array/class 6x6B array/class
Assembly and Rod array/class array/class 6x6B
Enrichment

Post-irradiation Cooling time > Cooling time > 18 Cooling time > 18 Cooling time >
Cooling Time, 18 years and years and average years and average 18 years and
Average Burnup, and average burnup burnup < 30,000 burnup < 30,000 average burnup
Minimum Initial < 30,000 MWD/MTU. MWD/MTIHM. < 30,000
Enrichment per MWD/MATU. MWD/MTIHM
Assembly

Decay Heat Per < 115 Watts < 115 Watts < 115 Watts < 115 Watts
Assembly _

FuelAssemblyLength < 135.0 in. < 135.0 in. < 135.0 in. < 135.0 in.
(nominal (nominal design) (nominal design) (nominal
design) design)

Fuel Assembly Width < 4.70 in. < 4.70 in. (nominal < 4.70 in. < 4.70 in.
(nominal design) (nominal design) (nominal
design) design)

Fuel Assembly Weight <400 lbs, < 550 lbs, < 400 lbs, < 550 lbs,
(including (including (including (including
channels) channels and DFC) channels) channels and

DFC)

.1.
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Table 2.1.19 (cont'd)

LMiTS FOR M T7RAUL TO BE STORED RVMPC-68F

PARAMETER VALUE

OtherLimitations Q Quantity is limited to up tofour (4) DFCs containing Dresden Unit
1 or Humboldt Bay uranium oxide or MOXfuel debris The
remainingfuel storage locations may befilled with array/class
6x6A, 6x6B, 6x6C, 7W7A, and 8xA fael assemblies of the
following ope, as applicable:

- uranium oxide BUWR intactfuel assemblies

- MOXB WR intact fuel assemblies

- uranium oxide B UR damagedfuel assemblies in DFCs

- MOXBWR damagedfuel assemblies in DFCs

- up to one (1) Dresden Unit ) thoria rod canister meeting the
specifications listed in Table 2.1.12 --

A Stainless steel channels are not permitted

Dresden Unit I fuel assemblies with one antimony-beryllium
neutron source are pennitted The antimony-beryllium neutron
source material shall be in a water rod location.

Notes:

1. A fuel assembly must meet the requirements of any one column and the other limitations to be
authorizedfor storage.

2 Onlyfuelffrom tkeDresden Unit) andHumboldtBayplants are permittedforstorage In the MPC-
68F. -
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1/iTable 2.1.20

LIAM71 FOR MATERIAL TO BE STORED VNMPC-24E

IPARAMETER VALUE (Note 1)

Fuel Type Uranium oxide PWR intact Uranium oxide PWR
fuel assemblies meeting the damagedfuel assemblies
limits in Table 2.1.3 for the meeting the limits in Table
applicable array/class 2.1.3 for the applicable

array/class, placed in a
Damaged Fuel Container
(DFC)

Cladding 7)Tpe ZR or Stainless Steel (X) ZR or Stainless Steel (SS)
assemblies as specified in assemblies as specified in
Table 2.1.3 for the applicable Table 2.1.3 for the applicable
array/class array/class

Maximum Initial Enrichment per As specified in Table 2.1.3for As specified in Table 2.1.3
Assembly the applicable array/class for the applicable array/class

Post-irradiation Cooling Time, and ZR clad: As specified in ZR clad: As specified in
Average Burnup per Assembly Section 2.1.9.1 Section 2.1.9.1

SS clad: > 8yrs and SS clad: > 8yrs and
< 40, 000 MWD/MTU < 40,000 MWD/MTU

Decay HeatPerAssembly ZR clad: As specified in ZR clad. As specified in
Section 2.1.9.1 Section 2.1.9.1

SSclad: < 710 Watts SSclad: < 710 Watts

Non-fuel hardware post-irradiation As speclfied in Table 2.1.25 As specified in Table 2.1.25
Cooling Time and Burnup

Fuel Assembly Length <176.8 in. (nominal design) < 176.8 in. (nominal design)

Fuel Assembly Width < 8.54 in. (nominal design) < 8.54 in. (nominal design)

Fuel Assembly Weight < 1680 lbs (including non- < 1680 lbs (including DFC
fuel hardware) and non-fuel hardware)

<U
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Table 2.1.20 (cont'd)

LIMITS FOR MATERAL TORE STORED INMPC-24E

PARAMETER VALUE

Quantity is limited to up to 24 PWR intactfuel
Other Limitations assemblies or up to four (4) damagedfuel assemblies

in DFCs may be stored in fuel storage locations 3, 6,
19, and/or 22. The remainingfuel storage locations
may befdled with Intact fuel assemblies.

- Fuel debris and neutron sources are not authorized
for storage in the MPC-24E.

-A BPPAs, TPDs, WABAs, water displacement guide
tube plugs, orifice rod assemblies, and/or vibration
suppressor inserts may be stored with fuel assemrblies
In anyfuel cell location.
CRAs, RCCAs, CEAs, and/or APSRs maybe stored
with fuel assemblies infuel cell locations 9, 10, 15,
andlor 16.

a Soluble boron requirements during wet loading and
runloading are specified in Table 2.1.14.

Notes:

1. A fuel assembly must meet the requirements of any one column and the other limitations to be
authorizedfor storage.
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Table 2.1.21

LIMMTS FOR MA TERIAL TO BE STORED RNMPC-32

PARAMETER VALUE (Note 1)

Fuel Type Uranium oxide, PWR intact Uranium oxide, PWR
fuel assemblies meeting the damagedfued assemblies
limits in Table 2.1.3 for the meeting the limits in Table
applicable fuel assembly 2.1.3 for the applicable fuel
array/class. assembly array/class.

Cladding Type ZR or Stainless Steel (SS) ZR or Stainless Steel (SS)
assemblies as specified in assemblies as specified in
Table 2.1.3 for the applicable Table 2.1.3 for the applicable
array/class array/class

Maximum Initial Enrichment per As specified in Table 2.1.3 for As specified in Table 2.1.3for
Assembly the applicablefuel assembly the applicablefuel assembly

array/class array/class

Post-irradon Cooling Time and ZR clad: As specified in ZR clad: As specified in
Average Burnup perAssembly Section 2.1.9.1 Section 2.1.9.1

SS clad: > 9 years and SS clad: > 9years and
< 30,000 MWD/MTUor < 30, 000 MWD/MTUor
> 10 years and < 40,000 > 10 years and < 40,000

MWDA/MU MWDA/IM

Decay Heat Per Assembly ZR-clad: As specified in ZR-clad: As specified in
Section 2.1.9.1 Section 2.1.9.1

SS-clad: < 500 Watts SS-clad: < 500 Watts

Non-fuel hardware post-irradiation As specified in Table 2.1.25 As specified in Table 2.1.25
cooling time and burnup

Fuel Assembly Length <176.8 in. (nominal design) <176.8 in. (nominal design)

Fuel Assembly Width <8.54 in. (nominal design) <8.54 in. (nominal design)

Fuel Assembly Weight < 1,680 lbs (including non- < 1, 680 lbs (including DFC
fuel hardware) and non-fuel hardware)
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Table 2.1.21 (cont'd)

LIMTS FOR MATERUL TOBE STORED DNMPC-32

PARAMETER I VAL UE
Other Limits A Quantity is limited to up to 32 PWR intactfuel assemblies

and/or up to eight (8) damagedfuel assemblies in DFCs in
fuel cell locations 1, 4, 5, 10, 23, 28, 29, and/or 32, with the
balance intactfuel assemblies up to a total of32.
Fuel debris and neutron sources are not permittedfor
storage in MPC-32.
BPRAs, TPDs, WABAs, water displacement guide tube plugs,
orffice rod assemblies, and/or vibration suppressor inserts
may be stored with fuel assemblies in any fuel cell location.

- CRAs, RCCAs, CEAs, and/or APSRs may be stored with fuel
assemblies fnfuel cell locations 13,14, 19, and/or 20.

£ Soluble boron requirements during wet loading and
unloading are specified in Table 2.1.16.

NOTES:

1. A fuel assembly must meet the requirements of any one column and the other limitations to be
authorizedfor storage.
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Table 2.1.22

LIAMIS FOR M4TERfIL TO BE STORED IN MPC-68FF

PARAMETER VALUE (Note 1)
Fuel Type Uranium oxide or MOXBWR Uranium oxide or MOXBWR

intactfuel assemblies meeting the damagedfuel assemblies orfuel
limits in Table 2.1.4 for the debris meeting the limits in Table
applicable array/class, with or 2.1.4 for the applicable
without channels. array/class, with or without

channels, in DFCs.
Cladding Type ZR or Stainless Steel (SS) ZR or Stainless Steel (SS)

assemblies as specified in Table assemblies as specified in Table
2.1.4for the applicable 2.1.4for the applicable
array/class array/class

Maximum Initial Planar Average As specified in Table 2.1.4 for the PlanarAverage:
Enrichment per Assembly and applicable fuel assembly
Rod Enrichment array/class < 2.7 wt°/ 235Ufor array/classes

6x6A, 6x6B, 6x6C, 7x7A, and
8x8A;

< 4.0 wt% 235 Ufor all other
array/classes

Rod:

As specified in Table 2.1.4
Post-irradiation cooling time and ZR clad: As specified in Section ZR clad: As specified in Section
average burnup perAssembly 2.1.9.1; except as provided in 2.1.9.1; except as provided in

Notes 2 and 3. Notes 2 and 3.

SS clad: Note 4 SS clad: Note 4.
Decay Heat Per Assembly ZR clad: As specified in Section ZR clad: As specified in Section

2.1.9.1; except as provided in 2.1.9.1; except as provided in
Notes 2 and 3. Notes 2 and 3.

SS clad: < 95 Watts SS clad: < 95 Watts
Fuel Assembly Length Array/classes 6x6A, 6x6B, 6x6C, Array/classes 6x6A,6x6B, 6x6C,

7x7A, and 8x8A: < 135.0 in. 7x7A, and 8x8A: < 135.0 in.
(nominal design) (nominal design)

All Other array/classes: All Other array/classes:
< 176.2 in. (nominal design) < 176.2 in. (nominal design)
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Table 2.1.22 (cont 'd)

LMITS FOR MA TERAL TOBE STORED VNMPC-68FF

PARAMETER VALUE (Note )

Fuel Assembly Array/classes 6x6A, 6x6B, 6x6C, 7x7A, Array/classes 6x6A, 6x6B, 6x6C,
Width and 8x8A: < 4.7 in. (nominal design) 7x7A, and 8x8A: < 4.7m (nominal

design)
AllA Other array/classes: -

< 5.85 in. (nominal design) All Other array/classes:
< 5.85 in. (nominal design)

Array/classes 6x6A, 6x6B, 6x6C, 7x7A, Array/classes 6x6A, 6x6B, 6x6C,
FWelgh Assembland 8x8A: < 400 lbs. (including channels) 7x7A, and 8x8A: < 550 lbs.

Weight (including channels and DFC)
Al Other array/classes:

ill Other array/classes:< 550 lbs. (including channels)
< 700 lbs. Cincluding channels and

___ -__ DFC)

Other Limitations Quantity is limited to up to one (1) Dresden Unit) thoria rod canister meeting
the specifications listed in Table 2.1.12 plus up to eight (8) Dresden Unit ) or
Humboldt Bayfuel assemblies classified asfuel debris in DFCs, and any
combination of Dresden Unit 1 or Humboldt Bay damagedfuel assemblies in
DFCs and intactfuel assemblies up to a total of 68.

a Up to 16 damagedfuel assemblies and/or up to eight (8)fuel assemblies
classified asfuel debris from plants other than Dresden Unit I or Humboldt
Bay may be stored in DFCs in MPC-68FF. DFCs shall be located only in fuel
cell locations 1, 2, 3, 8, 9, 16, 25, 34, 35, 44,53, 60, 61, 66, 67, and/or 68, with
the balance comprised of intactfuel assemblies meeting the above
specifications, up to a total of 68.

' SS-cladfuel assemblies with stainless steel channels must be stored in fuel cell
locations 19 through 22, 28 through 31, 38 through 41, and/or 47 through 50.

£ Dresden Unit 1 fuel assemblies with one antinony-beryllium neutron source
are permitted. The antimony-beryllium neutron source material shall be in a
water rod location.

NOTES:
1. A fuel assembly must meet the requirements of any one column and the other limitations to be

authorizedfor storage.

2. Array/class 6x6A, 6x6B, 6x6C, 7x7A, and 8x8A fuel assemblies shall have a cooling time > 18 years,
an average burnup < 30,000 MWD/&7TU, and a maximum decay heat < 115 Watts.

3. Array/class 8x8Ffuel assemblies shall have a cooling time > 10 years, an average burnup ' 27,500
MWD/AfU, and a maximum decay < 183.5 Watts.

4. SScladfuel assemblies shall have a cooling time > 10 years, and an average burnup < 22,500
MWV/MTl.
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Table 2.1.23

LIMTS FOR M TERL4L TO BE STORED IN MPC-24EF

PARAMETER VALUE (Note 1)

Fuel Type Uranium oxide PWR intact Uranium oxide PWR
fuel assemblies meeting the damagedfuel assemblies
limits in Table 2.1.3 for the and/orfuel debris meeting
applicable array/class the limits in Table 2.1.3 for

the applicable array/dass,
placed in a Damaged Fuel
Container (DFC)

Cladding Type ZR or Stainless Steel (SS) ZR or Stainless Steel (SS)
assemblies as specified in assemblies as specified in
Table 2.1.3 for the applicable Table 2.1.3 for the applicable
array/class array/class

Maximum Initial Enrichment per As specified in Table 2.1.3 for As specified in Table 2.1.3
Assembly the applicable array/class for the applicable array/class

Post-irradiation Cooling Time, and ZR clad: As specified in ZR dad: As specified in
Average Burnup perAssembly Section 2.1.9.1 Section 2.1.9.1

SS clad: > 8yrs and SS clad. > 8yrs and
< 40,000 MWD/MTU < 40,000 MWD/MTU

Decay Heat Per Assembly ZR clad: As specified in ZR clad: As specified in
Section 2.1.9.1 Section 2.1.9.1

SS clad: < 710 Watts SS clad: < 710 Watts

Non-futel hardware post-irradiation As specified in Table 2.1.25 As specified in Table 2.1.25
Cooling Time and Burnup_

Fuel Assem bly Length < 176.8 in. (nominal design) < 176.8 in. (nominal design)

Fuel Assembly Width <8.54 in. (nominal design) <8.54 in. (nominal design)

Fuel Assembly Weight < 1680 lbs (including non- < 1680 lbs (including DFC
fuel hardware) and non-fuel hardware)
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Table 2.1.23 (cont'd)

LIMITS FOR MAT7RMIL TO BE STORED INMPC-24EF

PARAMETER VALUE
4

Other Limitations ' Quantity per PC: up to 24 PWR intact fuel
assemblies or up to four (4) damagedfuel assemblies
and/orfuel classfied asfuel debris In DFCs may be
stored infuel storage locations 3, 6, 19, andlor 22.
The remainingfuel storage locations may befiled
with intactfuel assemblies.

' Neutron sources are not authorizedfor storage in the
MfPC-24EF.
B EPRAs, TPDs, W'ABAs, water displacement guide
tube plugs, orfice rod assemblies, and/or vibration
suppressor inserts may be stored with fuel assemblies
in anyfuel cell location.
CR4s RCCis, CEAs, and/or APSRs may be stored
with fuel assemblies infitel cell locations 9, 10, 15,
and/or 16.
Soluble boron requirements during wet loading and
unloading are specfied in Table 2.1.14.

Notes:

1. Afuel assembly must meet the requirements of any one column and the other limitations to be authorized
for storage-

HI-STORM FSAR
REPORT HI-2002444

Proposed Rev. 2B
2.1-47



Table 2.1.24

LIAMTS FOR MATERML TO BE STORED DV PC-32F

PARAMETER VALUE (Note 1)

Fuel Type Uranium oxide, PWR intactfuel Uranium oxide, PWR damaged
assemblies meeting the limits in fuel assemblies andffuel debris in
Table 2.1.3 for the applicable DFCs meeting the limits in Table
fuel assembly array/class 2.1.3 for the applicable fuel

assembly array/class

Cladding Type ZR or Stainless Steel (SS) as ZR or Stainless Steel (SS) as
specified in Table 2.1.3 for the specffied in Table 2.1.3 for the
applicable fuel assembly applicablefuel assembly
array/class array/class

Maximum Initial Enrichment per As specified in Table 2.1.3 As specified in Table 2.1.3
Assembly

Post-irradiation Cooling Time, ZR clad: As specified in Section ZR clad: As specified in Section
Average Burnup, and Minimum 2.1.9.1 2.1.9.1
Initial Enrichment per Assembly

SS clad: > 8 years and < 40,000 SS clad: > 8 years and< 40,000
MWD/MTU MWD/ATU

Decay Heat Per Assembly ZR clad: As specified in Section ZR clad: As specified in Section
2.1.9.1 2.1.9.1

SS clad: < 710 Watts SS clad: < 710 Watts

Non-fuel hardware post-
irradiation Cooling Time and As specified in Table 2.1.25 As specified in Table 2.1.25
Burnup

Fuel Assembly Length < 176.8 in. (nominal design) < 176.8 in. (nominal design)

Fuel Assembly Width < 8.54 in. (nominal design) < 8.54 in. (nominal design)

Fuel Assembly Weight < 1,680 lbs (including non-fuel < 1, 680 lbs (including DFC and
hardware) non-fuel hardware)
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Table 21.24 (cont'd)

LLMfT FOR A" TERAL TO BE STORED JNMPC-32F

PARAMETER I VALUE
Other Limitations u Quantity is limited to upto 32 PWR intact

fuel assemblies and/or up to eight (8)
damagedfuel assemblies in DFCs in fuel
cell locations 1, 4, 5, 10, 23, 28, 29, and/or
32, with the balance intactfuel assemblies
-up to a total of 32.

a Neutron sources are not permittedfor
storage In APC-32.

- BPRAs, TPDs, WABAs, water displacement
guide tube plugs, orifice rod assemblies,
and/or vibration suppressor inserts may be
stored with fuel assemblies in any fuel cell
location

X CRAs, RCCAs, CEAs, and/or APSRs may
be stored withfuel assemblies infuel cell
locations 13, 14, 19, and/or 20.

a Soluble boron requirements during wet
loading and unloading are specified in
Table 2.1 .16. -

NOTES:

1. A fuel assembly must meet the requirements of any one column and the other limitations to be
authorizedfor storage.
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Table 2.1.25

NON-FUEL HARDWARE BURNUPAND COOLING 77MEELIMTS (Notes 1, 2, and 3)

Guide Tube Control
Inserts Hardware Component
(Note 4) (Note 5) (Note 6) APSR

Post-iradiaton Maximum Maximum Maximum Maximum
Cooling Time Burnup Burnup Burnup Burn up

6W) (MWDAITE9 (MWD1MTL9 (M M (M")IMTE9
> 3 < 24,635 N/A (Note 7) N/A N/A

> 4 < 30,000 < 20,000 N/A N/A

> 5 < 36,748 < 25,000 < 630,000 < 45,000

> 6 <44,102 < 30,000 - < 54,500 l

> 7 < 52,900 < 40,000 < 68,000 l

> 8 < 60,000 < 45,000 < 83,000

> 9 _ <50,000 - < 111,000 l

> 10 <60,000 - <180,000 l

> 11 <75,000 - < 630,000 l

> 12 <90,000 l-

> 13 <180,000 l

> 14 < 630,000 -

NOTES:

1. Burnzups for non-fuel hardware are to be determined based on the burnup and uranium mass of
the fuel assemblies in which the component was inserted during reactor operation.

2. Linear interpolation between points is permitted, except that TPD and APSR burnups > 180,000
MWD/AITU and < 630,000 MWD/MAT must be cooled > 14 years and > IIyears, respectively.

3. Applicable to uniform loading and regionalized loading.

4. Includes Burnable Poison RodAssemblies (BPRAs), WetAnnularBurnable Absorbers (WABAs),
and vibration suppressor inserts.

5. Includes Thimble Plug Devices (TPDs), water displacement guide tube plugs, and orifice rod
assemblies.

6. Includes Control RodAssemblies (CRAs), Control Element Assemblies (CEAs), and Rod Cluster
Control Assemblies (RCCAs).

7. N/A means not authorizedfor loading at this cooling time.
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Table 2.1.26

MAXMUMALLOWABLEDECAYHEATPER FUEL ASSEMBLY
(UNIFORMLOADING, ZR-CL4D)

Decay Heat per FuelAssembly
__PCMod__ _ _ (ku)

MPC-24/24E/24EF < 1583

-APC-32/32F < 1.1875

MPC-68/68FF - < 0.522
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Table 2.1.27

MPC FUEL STORAGE REGIONS AND MAXMUMDECA YHEAT

Number of Fuel Storage Number of Fuel Storage Maximum Decay
MPCModel Locations in Region I Locations in Region 2 Heatper MPC, Q

24124F124EF 4 20 38

MPC-32132F 12 20 38

MPC-68/68FF 32 36 35.5
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Table 2.1.28

PWR FUEL ASSEMBLY COOLING TIME-DEPEADENT COEFFICIENTS
(ZR-CLAD FUEL)

Coolng Array/Class 14x14A
Time
V'eors) A B C D E F G

>3 20277.1 303.592 -68.329 -139.41 2993.67 -498.159 -615.411

> 4 -. 35560.1 -6034.67 985.415 -132.734 3578.92 -723.721 -609.84

> 5 48917.9 -14499.5 2976.09 -150.707 4072.55 -892.691 -54.8362

> 6 59110.3 -22507 5255.61 -177.017 4517.03 -1024.01 613.36

> 7 67595.6 -30158.1 7746.6 -200.128 4898.71 -1123.21 716.004

>8 74424.9 -36871.1 10169.4 -218.676 5203.64 -1190.24 741.163

>9 81405.8 -44093.1 12910.8 -227.916 5405.34 -1223.27 250.224

> 10 86184.3 -49211.7 15063.4 -237.641 5607.96 -1266.21 134.435

> 11 92024.9 -55666.8 17779.6 -240.973 5732.25 -1282.12 -401.456

> 12 94775.8 -58559.7 19249.9 -246.369 5896.27 -1345.42 -295.435

> 13 100163 -64813.8 22045.1 -242.572 5861.86 -1261.66 -842.159

> 14 103971 -69171 24207 -242.651 5933.96 -1277.48 -1108.99

> 15 108919 -75171.1 27152.4 -243.154 6000.2 -1301.19 -1620.63

> 16 110622 -76715.2 28210.2 -240.235 6028.33 -1307.74 -1425.5

> 17 115582 -82929.7 31411.9 -235.234 5982.3 -1244.11 -1948.05

> 18 119195 -87323.5 33881.4 -233.28 6002.43 -1245.95 -2199.41

> 19 121882 -90270.6 35713.7 -231.873 6044.42 -1284.55 -2264.05

> 20 124649 -93573.5 37853.1 -230.22 6075.82 -1306.57 -2319.63
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Table 2.1.28 (cont'o)

PWR FUEL ASSEAMBLY COOLING TIAE-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 14x14B
Time

(years) A B C D E F G

> 3 18937.9 70.2997 -28.6224 -130.732 2572.36 -383.393 -858.17 l

>4 32058.7 4960.63 745.224 -125.978 3048.98 -551.656 -549.108 l

> 5 42626.3 -10804.1 1965.09 -139.722 3433.49 -676.643 321.88 l

> 6 51209.6 -16782.3 3490.45 -158.929 3751.01 -761.524 847.282 l

> 7 57829.9 -21982 5009.12 -180.026 4066.65 -846.272 1200.45l

>8 62758 -26055.3 6330.88 -196.804 4340.18 -928.336 1413.17 l

> 9 68161.4 -30827.6 7943.87 -204.454 4500.52 -966.347 1084.69 l

> 10 71996.8 -34224.3 9197.25 -210.433 4638.94 -1001.83 1016.38l

> 11 75567.3 -37486.1 10466.9 -214.95 4759.55 -1040.85 848.169

> 12 79296.7 -40900.3 11799.6 -212.898 4794.13 -1040.51 576.242

> 13 82257.3 -43594 12935 -212.8 4845.81 -1056.01 410.807 l

> 14 83941.2 -44915.2 13641 -215.389 4953.19 -1121.71 552.724 l

> 15 87228.5 -48130 15056.9 -212.545 4951.12 -1112.5 260.194 l

> 16 90321.7 -50918.3 16285.5 -206.094 4923.36 -1106.35 -38.7487 l

> 17 92836.2 -53314.5 17481.7 -203.139 4924.61 -1109.32 -159.673 l

> 18 93872.8 -53721.4 17865.1 -202.573 4956.21 -1136.9 30.0594 l

> 19 96361.6 -56019.1 19075.9 -199.068 4954.59 -1156.07 -125.917

> 20 98647.5 -57795.1 19961.8 -191.502 4869.59 -1108.74 -217.603
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Table 2.1.28 (contd)

PWR FUEL ASSEAMBLY COOLiNG 7IAE-DEPEADENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Closs 14x14C -_=

(ears) A B C D E F G

> 3 19176.9 192.012 -66.7595 -138.112 2666.73 -407.664 -1372.41

> 4 32040.3 -4731.4 651.014 -124.944 3012.63 -530.456 -890.059

> 5 43276.7 -11292.8 2009.76 -142.172 3313.91 -594.917 -200.195

>6 51315.5 -16920.5 3414.76 -164.287- 3610.77 -652.118 463.041

> 7 57594.7 -21897.6 4848.49 -189.606 3940.67 -729.367 781.46

>8X 63252.3 -26562.8 6273.01 499.974 4088.41 -732.054 693.879

> 9 67657.5 -30350.9 7533.4 -211.77 4283.39 -772.916 588.456

> 10 71834.4 -34113.7 8857.32 -216.408 4383.45 -774.982 380.243

> 11 75464.1 -37382.1 10063 -218.813 4460.69 -776.665 160.668

> 12 77811.1 -39425.1 10934.3 -225.193 4604.68 -833.459 182.463

> 13 81438.3 -42785.4 12239.9 -220.943 4597.28 -803.32 -191.636

> 14 84222.1 -45291.6 . 13287.91 -218.366 4608.13 -791.655 -354.59

> 15 86700.1 -47582.6 -14331.2 -218.206 4655.34- -807.366 -487.316

> 16 88104.7 -48601.1 14927.9 -219.498 4729.97 -849.446 -373.196

> 17 91103.3 -51332.5 -16129 -212.138 4679.91 -822.896 -654.296

,>18 93850.4 -53915.8 17336.9 -207.666 4652.65 -799.697 -866.307

> 19 96192.9 -55955.8 -18359.3 -203.462 4642.65 -800.315 -1007.75

>20 97790.4 -57058.1 1 i9027.7 -200.963 4635.88 -799.721 -951.122
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Table 2.1.28 (cont'd)

PWR FUEL ASSEABLYCOOLING T7AIE-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 1SxJ5AMIBC
Time

(years) A B C D E F G

> 3 15789.2 119.829 -21.8071 -127.422 2152.53 -267.717 -580.768

> 4 26803.8 -3312.93 415.027 -116.279 2550.15 -386.33 -367.168

> 5 36403.6 -7831.93 1219.66 -126.065 2858.32 -471.785 326.863

> 6 44046.1 -12375.9 2213.52 -145.727 3153.45 -539.715 851.971

> 7 49753.5 -16172.6 3163.61 -166.946 3428.38 -603.598 1186.31

> 8 55095.4 -20182.5 4287.03 -183.047 3650.42 -652.92 1052.4

> 9 58974.4 -23071.6 5156.53 -191.718 3805.41 -687.18 1025
> 10 62591.8 -25800.8 5995.95 -195.105 3884.14 -690.659 868.556

> 11 65133.1 -27747.4 6689 -203.095 4036.91 -744.034 894.607

> 12 68448.4 -30456 7624.9 -202.201 4083.52 -753.391 577.914

> 13 71084.4 -32536.4 8381.78 -201.624 4117.93 -757.16 379.105
> 14 73459.5 -34352.3 9068.86 -197.988 4113.16 -747.015 266.536

> 15 75950.7 -36469.4 9920.52 -199.791 4184.91 -779.222 57.9429
> 16 76929.1 -36845.6 10171.3 -197.88 4206.24 -794.541 256.099

> 17 79730 -39134.8 11069.4 -190.865 4160.42 -773.448 -42.6853

> 18 81649.2 -40583 11736.1 -187.604 4163.36 -785.838 -113.614

> 19 83459 -41771.8 12265.9 -181.461 4107.51 -758.496 -193.442

> 20 86165.4 -44208.8 13361.2 -178.89 4107.62 -768.671 -479.778
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Table 2.1.28 (cont'ad)

PUT FUEL ASSEMBLY COOLING 77ME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Closs lSxISD/IFIFH

(vean) A B C D E F G

> 3 15192.5 50.5722 -12.3042 -126.906 2009.71 -235.879 -561.574 l

>4 25782.5 -- 3096.5 369.096 -113.289 2357.75 -334.695 -254.964 l

> 5 35026.5 -7299.87 1091.93 -124.619 2664 -414.527 470.916 l

> 6 42234.9 -11438.4 1967.63 -145.948 2945.81 -474.981 1016.84

> 7 47818.4 -15047 2839.22 -167.273 3208.95 -531.296 1321.12

> 8- 52730.7 -18387.2 3702.43 -175.057 3335.58 -543.232 1223.61 l

> 9 56254.6 -20999.9 4485.93- -190.489 3547.98 -600.64 1261.55l

> 10 59874.6 -23706.5 5303.88 -193.807 3633.01 -611.892 1028.63 l

> 11 62811 -25848.4 -5979.64 -194.997 3694.14 -618.968 862.738

> 12 65557.6 -27952.4 6686.74 -198.224 3767.28 -635.126 645.139 l

> 13 67379.4 -29239.2 7197.49 -200.164 3858.53 -677.958 652.601

> 14 69599.2 -30823.8 -7768.51 -196.788 3868.2 -679.88 504.443 l

> 15. 71806.7 -32425 8360.38 191.935 3851.65 -669.917 321.146

> 16 73662.6 -33703.5 8870.78 -187.366 3831.59 -658.419 232.335

> 17 76219.8 -35898.1 9754.72 -189.111 3892.07 -694.244 -46.924 l

> 18 76594.4 -35518.2 9719.78 - -185.11 3897.04 -712.82 236.047 l

> 19 78592.7 -36920.8 10316.5 -179.54 -3865.84 -709.551 82.478 l

> 20 80770.5 -38599.9 11051.3 1 75.106 3858.67 -723.211 -116.014
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Table 2.1.28 (cont'd)

POR FUEL ASSEMBLY COOLlVG TIAE-DEPENVDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 16x16A
Time

(years) A B C D E F G

> 3 17038.2 158.445 -37.6008 -136.707 2368.1 -321.58 -700.033

> 4 29166.3 -3919.95 508.439 -125.131 2782.53 -455.722 -344.199

> 5 40285 -9762.36 1629.72 -139.652 3111.83 -539.804 139.67 l

> 6 48335.7 -15002.6 2864.09 -164.702 3444.97 -614.756 851.706 l

> 7 55274.9 -20190 4258.03 -185.909 3728.11 -670.841 920.035

> 8 60646.6 -24402.4 5483.54 -199.014 3903.29 -682.26 944.913 l

> 9 64663.2 -27753.1 6588.21 -215.318 4145.34 -746.822 967.914

> 10 69306.9 -31739.1 7892.13 -218.898 4237.04 -746.815 589.277

> 11 72725.8 -34676.6 8942.26 -220.836 4312.93 -750.85 407.133 l

> 12 76573.8 -38238.7 10248.1 -224.934 4395.85 -757.914 23.7549

> 13 78569 -39794.3 10914.9 -224.584 4457 -776.876 69.428 l

> 14 81559.4 -42453.6 11969.6 -222.704 4485.28 -778.427 -203.031

> 15 84108.6 -44680.4 12897.8 -218.387 4460 -746.756 -329.078 l

> 16 86512.2 -46766.8 13822.8 -216.278 4487.79 -759.882 -479.729 l

> 17 87526.7 -47326.2 14221 -218.894 4567.68 -805.659 -273.692

> 18 90340.3 -49888.6 15349.8 -212.139 4506.29 -762.236 -513.316

> 19 93218.2 -52436.7 16482.4 -207.653 4504.12 -776.489 -837.1 l

> 20 95533.9 -54474.1 17484.2 -203.094 4476.21 -760.482 -955.662
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Table 2.1.28 (cont'd)

PWR FUEL ASSEMABLY COOLING T7ME-DEPEADENT COEFFICIEMNS
(ZR-CLAD FUEL)

Cooling _ _ Array/Class 17x17A

(years) A B C D E F G

>3 16784.4 3.90244 -10.476 -128.835 2256.98 -287.108. -263.081

>4 28859- -3824.72 491.016 -120.108 2737.65 -432.361 -113.457

> 5 40315.9 -9724 1622.89 -140.459 -3170.28 -547.749 425.136

>6, 49378.5 -15653.1 3029.25 -164.712 3532.55 -628.93 842.73

> 7 56759.5 -21324 4598.78 -190.58 3873.21 -698.143. 975.46

>8 - 63153.4. -26463.8 6102.47 -201.262 4021.84 -685.431 848.497

>9 67874.9 -30519.2 7442.84 -218.184 4287.23 -754.597 723.305

> 10 72676.8 -34855.2 8928.27 -222.423 4382.07 -741.243 387.877

>11 75623 -37457.1 9927.65, -- 232.962 4564.55 -792.051 388.402

> 12 80141.8 -41736.5 11509.8 -232.944 4624.72 -787.134 -164.727

> 13 83587.5 -45016.4 12800.9 -230.643 4623.2 -745.177 -428.635

> 14 86311.3 -47443.4 13815.2 -228.162 4638.89 -729.425 -561.758

> 15 87839.2 -48704.1 14500.3 -231.979 4747.67 -775.801 -441.959

> 16 91190.5 -51877.4 15813.2 --225.768 4692.45 -719.311 -756.537

> 17 94512 -55201.2 17306.1 -224.328 4740.86 -747.11 -1129.15

> 18 - 96959 -57459.9 18403.8 -220.038 4721.02 --726.928 -1272.47

> 19 99061.1 -59172.1 .19253.1, -214.045 4663.37 -679.362 -1309.88

> 20 100305 -59997.5 19841.1 -216.112 4721.71 -705.463 -1148.45
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Table 2.1.28 (cont'd)

PWR FUEL ASSEMBLY COOLIVG TIME-DEPEADENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 17x17B/C
Time

(years) A B C D E F G

> 3 15526.8 18.0364 -9.36581 -128.415 2050.81 -243.915 -426.07

> 4 26595.4 -3345.47 409.264 -115.394 2429.48 -350.883 -243.477
> 5 36190.4 -7783.2 1186.37 -130.008 2769.53 -438.716 519.95

> 6 44159 -12517.5 2209.54 -150.234 3042.25 -489.858 924.151
> 7 50399.6 -16780.6 3277.26 -173.223 3336.58 -555.743 1129.66

> 8 55453.9 -20420 4259.68 -189.355 3531.65 -581.917 1105.62

> 9 59469.3 -23459.8 5176.62 -199.63 3709.99 -626.667 1028.74
> 10 63200.5 -26319.6 6047.8 -203.233 3783.02 -619.949 805.311

> 11 65636.3 -28258.3 6757.23 -214.247 3972.8 -688.56 843.457
> 12 68989.7 -30904.4 7626.53 -212.539 3995.62 -678.037 495.032
> 13 71616.6 -32962.2 8360.45 -210.386 4009.11 -666.542 317.009

> 14 73923.9 -34748 9037.75 -207.668 4020.13 -662.692 183.086
> 15 76131.8 -36422.3 9692.32 -203.428 4014.55 -655.981 47.5234

> 16 77376.5 -37224.7 10111.4 -207.581 4110.76 -703.37 161.128

> 17 80294.9 -39675.9 11065.9 -201.194 4079.24 -691.636 -173.782
> 18 82219.8 -41064.8 11672.1 -195.431 4043.83 -675.432 -286.059

> 19 84168.9 -42503.6 12309.4 -190.602 4008.19 -656.192 -372.411

> 20 86074.2 -43854.4 12935.9 -185.767 3985.57 -656.72 -475.953
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Table 2.1.29

B WR FUEL ASSEMABLY COOLING T7AME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUFL)

Cooling -Array/Class 7x7B _

Time
(years) A B C D E F, G

>3 26409.1 28347.5 -16858 -147.076 5636.32 -1606.75 1177.88

>4 -61967.8 -6618.31 -4131.96 -113.949 6122.77, -2042.85 -96.7439

> 5 91601.1 -49298.3 17826.5 -132.045 6823.14 -2418.49 -185.189

> 6 111369 --80890.1 35713.8 -150.262 7288.51 -2471.1 86.6363

> 7 126904 -108669 .53338.1 -167.764 7650.57 -2340.78 -150.403

>8 139181 -132294 69852.5 -187.317 8098.66 -2336.13 97.5285

> 9 150334 -154490 86148.1 4193.899 8232.84 -2040.37 -123.029

> 10 159897 -173614 100819 -194.156 8254.99 -1708.32 -373.605

> 11 166931 -186860 111502 -193.776 8251.55 -1393.91 -543.677

> 12 173691 -201687 125166 -202.578 8626.84 -1642.3 -650.814

> 13 180312 -215406- 137518 -201.041 8642.19 -1469.45 -810.024

> 14 '185927 -227005 148721 -197.938 8607.6 -1225.95 -892.876

> 15 191151 -236120. 156781 -191.625 8451.86 -846.27 -1019.4

> 16; 195761 -244598 165372 , -187.043 8359.19 -572.561 -1068.19

> 17 200791 --256573 179816 -197.26 8914.28 -1393.37 -1218.63

> 18 -206068 -266136 188841 -187.191 8569.56 - 730.898 -1363.79

1L9 210187 -273609 197794 -182.151 -,8488.23 -584.727 -1335.59

>20 213731 -278120 - 203074 -1 75.864 8395.63 -457.304 -1364.38
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Table 2.1.29 (cont'd)

BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 8xB
Time

(years) A B C D E F G

> 3 28219.6 28963.7 -17616.2 -147.68 5887.41 -1730.96 1048.21
> 4 66061.8 -10742.4 -1961.82 -123.066 6565.54 -2356.05 -298.005
> 5 95790.7 -53401.7 19836.7 -134.584 7145.41 -2637.09 -298.858
> 6 117477 -90055.9 41383.9 -154.758 7613.43 -2612.69 -64.9921
> 7 134090 -120643 60983 -168.675 7809 -2183.3 -40.8885
> 8 148186 -149181 81418.7 -185.726 8190.07 -2040.31 -260.773
> 9 159082 -172081 99175.2 -197.185 8450.86 -1792.04 -381.705
> 10 168816 -191389 113810 -195.613 8359.87 -1244.22 -613.594
> 11 177221 -210599 131099 -208.3 8810 -1466.49 -819.773
> 12 183929 -224384 143405 -207.497 8841.33 -1227.71 -929.708
> 13 191093 -240384 158327 -204.95 8760.17 -811.708 -1154.76
> 14 196787 -252211 169664 -204.574 8810.95 -610.928 -1208.97
> 15 203345 -267656 186057 -208.962 9078.41 -828.954 -1383.76
> 16 207973 -276838 196071 -204.592 9024.17 -640.808 -1436.43
> 17 213891 -290411 211145 -202.169 9024.19 -482.1 -1595.28
> 18 217483 -294066 214600 -194.243 8859.35 -244.684 -1529.61
> 19 220504 -297897 219704 -190.161 8794.97 -10.9863 -1433.86
> 20 227821 -318395 245322 -194.682 9060.96 -350.308 -1741.16
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Table 2.1.29 (cont'd)

BUR FUEL ASSEAMBLY COOLiNG TIME-DEPENDENT COEFFICLEMNS
(ZR-CLAD FUEL)

Cooling _ -Array/Clss S M8CIDIE -_-
Time
Tiear) A B C D E F G

>3 28592.7 28691.5 -17773.6 -149.418 5969.45 -1746.07 1063.62

> 4 66720.8 -12115.7 -1154 -128.444 6787.16 -2529.99 -302.155

> 5 96929.1 -55827.5 21140.3 -136.228 -7259.19 -2685.06 -334.328

> 6 118190 -92000.2 42602.5 -162.204 7907.46 -2853.42 -47.5465

> 7 135120 -123437 62827.1 --172.397 8059.72 -2385.81 -75.0053

> 8 149)62 -152986 84543.1 -195.458 8559.)1 -2306.54 -183.595

> 9 161041 -177511 103020 -200.087 8632.84 -1864.4 -433.081

> 10, 171754 -20)468 122929 -209.799 8952.06 -1802.86 -755.742

_> 11 179364 -217723 137000 -215.803 9142.37 -1664.82 -847.268

> 12 186090 -232150 150255 7-216.033 9218.36 -1441.92 -975.817

-> 13 193571 -249160 165997 -213.204 9146.99 -1011.13 -1119.47

> 14 200034 -263671 180359 -210.559 9107.54 -694.626 -1312.55

> 15 205581 -275904 193585 -216.242 9446.57 -1040.65 -1428.13

>16 212015 -290101 207594 -210.036 9212.93 428.321 -1590.7

> 17 216775 -299399 218278 -204.611 9187.86 -398.353- -1657.6

> 18 220653 -306719 227133 -202.498 9186.34 -181.672 -1611.86

> 19 224859 -314004 235956 -193.902 8990.14 145.151 -1604.71

> 20 228541 -- 320787 245449 -200.727 9310.87 -230.252 -1570.18
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Table 2.1.29 (cont'a)

B WR FUEL ASSEMBLY COOLING T7IE-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 9x9A
Time

(years) A B C D E F G

> 3 30538.7 28463.2 -18105.5 -150.039 6226.92 -1876.69 1034.06

> 4 71040.1 -16692.2 1164.15 -128.241 7105.27 -2728.58 -414.09 l

> 5 100888 -60277.7 24150.1 -142.541 7896.11 -3272.86 -232.197 l

> 6 124846 -102954 50350.8 -161.849 8350.16 -3163.44 -91.1396 l

> 7 143516 -140615 76456.5 -185.538 8833.04 -2949.38 -104.802

> 8 158218 -171718 99788.2 -196.315 9048.88 -2529.26 -259.929 l

> 9 172226 -204312 126620 -214.214 9511.56 -2459.19 -624.954 l

> 10 182700 -227938 146736 -215.793 9555.41 -1959.92 -830.943

> 11 190734 -246174 163557 -218.071 9649.43 -1647.5 -935.021

> 12 199997 -269577 186406 -223.975 9884.92 -1534.34 -1235.27 l

> 13 207414 -287446 204723 -228.808 10131.7 -1614.49 -1358.61 l

> 14 215263 -306131 223440 -220.919 9928.27 -988.276 -1638.05 l

> 15 221920 -321612 239503 -217.949 9839.02 -554.709 -1784.04 l

> 16 226532 -331778 252234 -216.189 9893.43 -442.149 -1754.72 l

> 17 232959 -348593 272609 -219.907 10126.3 -663.84 -1915.3

> 18 240810 -369085 296809 -219.729 10294.6 -859.302 -2218.87 l

> 19 244637 -375057 304456 -210.997 10077.8 -425.446 -2127.83 l

> 20 248112 -379262 309391 -204.191 9863.67 100.27 -2059.39
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Table 2.1.29 (cont'd)

BWR FUEL ASSEAMBLY COOLiNG T7IMEf-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooing Array/Class 9x9B
Ti'me

(years) A B C D E - F G

>3 30613.2 28985.3 -18371 -151.117 6321.55 -1881.28 988.92 l
>4 71346.6 -15922.9 631.132 -128.876 7232.47 -2810.64 -471.737 l

>5 102131 -60654.1 23762.7 -140.748 7881.6 -3156.38 -417.979 l

>6 127187 -105842 51525.2 --162.228 8307.4 -2913.08 -342.13 l

> 7 146853 -145834 79146.5 -185.192 8718.74 -2529.57 -484.885 l

> 8 162013 -178244 103205. -197.825 8896.39 -1921.58 -584.013 I
> 9 176764 -212856 131577 -215.41 9328.18 -1737.12 -1041.11

> 10 186900 -235819 151238 -218.98 9388.08 -1179.87 -1202.83

> 11 196178 -257688 171031 -220.323 9408.47 -638.53 -1385.16 l

> 12 205366- -280266 192775, -223.715 9592.12 -472.261 -1661.6 l

> 13 215012 -306103 218866 -231.821 9853.37 -361.449 -1985.56 l

> 14 222368 -324558 238655 -228.062 9834.57 3.47358 -2178.84

> 15 226705 -332738 247316 -224.659 9696.59 632.172 -2090.75 l

> 16 -233846 349835 265676 -221.533 9649.93 913.747 -2243.34 l

> 17 243979 -379622 -300077 -222.351 9792.17 1011.04 -2753.36 l

> 18 247774 -386203 308873 -220.306 9791.37- 1164.58 -2612.25 l

> 19 254041 -401906 327901 -213.96 9645.47 1664.94 -2786.2 l
>20 256003 -402034 330566 -215.242 9850.42 1359.46 -2550.06
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Table 2.1.29 (cont'd)

BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling ArrayClass 9x9(CD
Time

(ye=) A B C D E F G

> 3 30051.6 29548.7 -18614.2 -148.276 6148.44 -1810.34 1006

> 4 70472.7 -14696.6 -233.567 -127.728 7008.69 -2634.22 444.373

> 5 101298 -59638.9 23065.2 -138.523 7627.57 -2958.03 -377.965

> 6 125546 -102740 49217.4 -160.811 8096.34 -2798.88 -259.767

> 7 143887 -139261 74100.4 -184.302 8550.86 -2517.19 -275.151

> 8 159633 -172741 98641.4 -194.351 8636.89 -1838.81 -486.731

> 9 173517 -204709 124803 -212.604 9151.98 -1853.27 -887.137

> 10 182895 -225481 142362 -218.251 9262.59 -1408.25 -978.356

> 11 192530 -247839 162173 -217.381 9213.58 -818.676 -1222.12

> 12 201127 -268201 181030 -215.552 9147.44 -232.221 -1481.55

> 13 209538 -289761 203291 -225.092 9588.12 -574.227 -1749.35

> 14 216798 -306958 220468 -222.578 9518.22 -69.9307 -1919.71

> 15 223515 -323254 237933 -217.398 9366.52 475.506 -2012.93

> 16 228796 -334529 250541 -215.004 9369.33 662.325 -2122.75

> 17 237256 -356311 273419 -206.483 9029.55 1551.3 -2367.96

> 18 242778 -369493 290354 -215.557 9600.71 659.297 -2589.32

> 19 246704 -377971 302630 -210.768 9509.41 1025.34 -2476.06

> 20 249944 -382059 308281 -205.495 9362.63 1389.71 -2350.49
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Table 2.1.29 (contcd)

BRW7 FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENMS
(ZR-CLAD FUEL)

Cooling Array/Class 9x9WE/F
Time

(vears) A B C D E F G

> 3 30284.3 26949.5 -16926.4 -147.914 6017.02 -1854.81 1026.15

> 4 69727.4 -17117.2 1982.33 -127.983 6874.68 -2673.01 -359.962

> 5 98438.9 -58492 23382.2 -138.712 7513.55 -3038.23 -112.641

> 6 119765 -95024.1 45261 --159.669 8074.25 -3129.49 221.182

> 7 - 136740 -128219 67940.1 -182.439 8595.68 -3098.17 315.544

>8 150745 -156607 88691.5 -193.941 8908.73 -2947.64 142.072

>9 162915 -182667 109134 -198.37 8999.11 -2531 -93.4908

> 10 174000 -208668' 131543 -210.777 9365.52 -2511.74 -445.876

> 11 181524 -224252 145280 -212.407 9489.67 -2387.49 -544.123

> '12 188946 -240952 160787 -210.65 9478.1 -2029.94 -652.339

> 13 193762 -250900 171363 -215.798 9742.31 -2179.24 -608.636

> 14 203288 -275191 196115 -218.113 9992.5 -2437.71 -1065.92

> 15 -208108 --284395 205221 -213.956 9857.25 -1970.65 -1082.94

> 16 215093 -301828 224757 -209.736 9789.58 -1718.37 -303.35

>17 220056 -310906 234180 -201.494 9541.73 -1230.42 -1284.15

> 18 224545 -320969 247724 -206.807 9892.97 -1790.61 -1381.9

> 19 226901 -322168 250395 -204.073 9902.14 -1748.78 -1253.22

> 20 235561 -345414 276856 -198.306 9720.78 -1284.14 -1569.18
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Table 2.1.29 (cont'd)

BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooflng Array/Class 9x9G
Tune

(years) A B C D E F G

> 3 35158.5 26918.5 -17976.7 -149.915 6787.19 -2154.29 836.894

> 4 77137.2 -19760.1 2371.28 -130.934 8015.43 -3512.38 -455.424 l

> 5 113405 -77931.2 35511.2 -150.637 8932.55 -4099.48 -629.806

> 6 139938 -128700 68698.3 -173.799 9451.22 -3847.83 -455.905 l

> 7 164267 -183309 109526 -193.952 9737.91 -3046.84 -737.992

> 8 182646 -227630 146275 -210.936 10092.3 -2489.3 -1066.96 l

> 9 199309 -270496 184230 -218.617 10124.3 -1453.81 -1381.41 l

> 10 213186 -308612 221699 -235.828 10703.2 -1483.31 -1821.73

> 11 225587 -342892 256242 -236.112 10658.5 -612.076 -2134.65 l

> 12 235725 -370471 285195 -234.378 10604.9 118.591 -2417.89

> 13 247043 -404028 323049 -245.79 11158.2 -281.813 -2869.82 l

> 14 253649 -421134 342682 -243.142 11082.3 400.019 -2903.88

> 15 262750 -448593 376340 -245.435 11241.2 581.355 -3125.07 l

> 16 270816 -470846 402249 -236.294 10845.4 1791.46 -3293.07 l

> 17 279840 -500272 441964 -241.324 11222.6 1455.84 -3528.25

> 18 284533 -511287 458538 -240.905 11367.2 1459.68 -3520.94 l

> 19 295787 -545885 501824 -235.685 11188.2 2082.21 -3954.2

> 20 300209 -556936 519174 -229.539 10956 2942.09 -3872.87

HI-STORM FSAR
REPORT HI-2002444

Proposed Rev. 2B
2.1-68



Table 2.1.29 (cont'd)

BWR FUEL ASSEEMLY COOLING TIME-DEPENDENT COEFICIENS
(ZR-CLAD FUEL)

Cooling Array/Clss l0xlOAMB

(years) A B C D E F G

>3 29285.4 27562.2 -16985 -148.415 5960.56 -1810.79 1001.45

>4 67844.9 -14383 395.619 -127.723 6754.56 -2547.96 -369.267

>5 96660.5 -55383.8 21180.4 -137.17 7296.6 -2793.58 -192.85

> 6 118098 -91995 42958 -162.985 7931.44 -2940.84 60.9197

> 7 135115 -123721 63588.9 -171.747 8060.23 -2485.59 73.6219

> 8 148721 -151690 84143.9 -190.26 8515.81 -2444.25 -63.4649

> 9 160770 -177397 104069 -197.534 8673.6 -2101.25 -331.046

> 10 170331 -198419 121817 -213.692 9178.33 -2351.54 -472.844

> 11 179130 -217799 138652 -209.75 9095.43 -1842.88 -705.254

> 12 186070 -232389 151792 -208.946 9104.52 -1565.11 -822.73

> 13 192407 -246005 164928 -209.696 9234.7 -1541.54 -979.245

> 14 200493 -265596 183851 -207.639 9159.83 -1095.72 -1240.61

> 15 205594 -276161 195760 -213.491 9564.23 -1672.22 -1333.64

> 16 209386 -282942 204110 -209.322 9515.83 -1506.86 -1286.82

>17 -214972 -295149 217095 -202.445 9292.34 -893.6 -1364.97

> 18 219312 -302748 225826- -198.667 9272.27 -878.536 -1379.58

> 19 223481 -310663 -235908 -194.825 9252.9 -785.066 -1379.62

> 20 227628 -3191I5 247597 -199.194 9509.02 -1135.23 -1386.19
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Table 2.1.29 (cont'a)

B"R FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class JOxiOC
(years) A B C D E F G

> 3 31425.3 27358.9 -17413.3 -152.096 6367.53 -1967.91 925.763

> 4 71804 -16964.1 1000.4 -129.299 7227.18 -2806.44 -416.92

> 5 102685 -62383.3 24971.2 -142.316 7961 -3290.98 -354.784

> 6 126962 -105802 51444.6 -164.283 8421.44 -3104.21 -186.615

> 7 146284 -145608 79275.5 -188.967 8927.23 -2859.08 -251.163

> 8 162748 -181259 105859 -199.122 9052.91 -2206.31 -554.124

> 9 176612 -214183 133261 -217.56 9492.17 -1999.28 -860.669

> 10 187756 -239944 155315 -219.56 9532.45 -1470.9 -1113.42

> 11 196580 -260941 174536 -222.457 9591.64 -944.473 -1225.79

> 12 208017 -291492 204805 -233.488 10058.3 -1217.01 -1749.84

> 13 214920 -307772 221158 -234.747 10137.1 -897.23 -1868.04

>14 222562 -326471 240234 -228.569 9929.34 -183.47 -2016.12

> 15 228844 -342382 258347 -226.944 9936.76 117.061 -2106.05

> 16 233907 -353008 270390 -223.179 9910.72 360.39 -2105.23

> 17 244153 -383017 304819 -227.266 10103.2 380.393 -2633.23

> 18 249240 -395456 321452 -226.989 10284.1 169.947 -2623.67

> 19 254343 -406555 335240 -220.569 10070.5 764.689 -2640.2

> 20 260202 -421069 354249 -216.255 10069.9 854.497 -2732.77
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UPPER CLOSURE
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SECTION A-A

NOTE:
1. ALL DIMENSIONS ARE NOMINAL
2. ALL MATERIAL IS STAINLESS STEEL
3. LENGTH OF DFC VARIES WITH FUEL

LENGTH,
(80 MIN. PENUNRA TM)

BOTTOM VIEW

FIGURE 2.1.1; DAMAGED
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NOTESi
1. ALL DIMENSIONS ARE IN INCHES AND ARE APPROXIMATE.
2. ALL MATERIAL IS STAINLESS STEEL.

iBLE

LOCK BAR

-DEBRIS
SCREEN

UNLOCKED POSITION BOTTOM VIEW

FIGURE 2.1.2D; HOLTEC DAMAGED FUEL CONTAINER
FOR PWR SNF IN MPC-32/32F
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NOTES: 1. Standard MPC dimensions in parentheses.
2. Standard MPC shell thickness is 1/2" along

its entire length.
3. Figure is not to scale.

Figure 2.1.9; Fuel Debris MPC ( F" Model)
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2.2 HI-STORM 100 DESIGN CRITERIA

The HI-STORM 100 System is engineered for unprotected outside storage for the duration of its
design life. Accordingly, the cask system is designed to withstand normal, off-normal, and
environmental phenomena and accident conditions of storage. Normal conditions include the
conditions that are expected to occur regularly or fiequently in the course of normal operation. Off-
normal conditions include those infiequent events that could reasonably be expected to occur during
the lifetime of the cask system. Environmental phenomena and accident conditions include events
that are postulated because their consideration establishes a conservative design basis.

Normal condition loads act in combination with all other loads (off-normal or environmental
phenomena/accident). Off-normal condition loads and environmental phenomena and accident
condition loads are not applied in combination. However, loads that occur as a result of the same
phenomena are applied simultaneously. For example, the tornado winds loads are applied in
combination with the tomado missile loads.

In the following subsections, the design criteria are established for normal, off-normal, and accident
conditions for storage. Loads that require consideration under each condition are identified and the
design criteria discussed. Based on consideration of the applicable requirements of the system, the
following loads are identified:

Normal (Long-Term Storage) Condition: Dead Weight, Handling, Pressure, Temperature, Snow

Off-Normal Condition: Pressure, Temperature, Leakage of One Seal, Partial Blockage of Air Inlets,
Off-Normal Handling of HI-TRAC

Accident Condition: Handling Accident, Tip-Over, Fire, Partial Blockage of MPC Basket Vent
Holes, Tornado, Flood, Earthquake, Fuel Rod Rupture, Confinement Boundary Leakage, Explosion,
Lightning, Burial Under Debris, 1000% Blockage of Air Inlets, Extreme Environmental Temperature

Short-Term Operations: This loading condition is defined to accord with ISG-11, Revision 2
guidance [2.0.8). This includes those normal operational evolutions necessary to support fuel
loading or unloading activities. These include, but are not limited to MPC cavity drying helium
backjIll, WPC transfer, and on-site handling of a loaded HI-TR}AC transfer cask

Each of these conditions and the applicable loads are identified with applicable design criteria
established. Design criteria are deemed to be satisfied if the specified allowable limits are not
exceeded.
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2.2.1 Normal Condition Design Criteria

2.2.1.1 Dead Weight

The HI-STORM 100 System must withstand the static loads due to the weights of each of its
components, including the weight of the HI-TRAC with the loaded MPC atop the storage overpack.

2.2.1.2 Handling

The HE-STORM 100 System must withstand loads experienced during routine handling. Normal
handling includes:

i. vertical lifting and transfer to the ISFSI of the HI-STORM overpack with loaded
MPC

ii. lifting, upending/downending, and transfer to the ISFSI ofthe HI-TRAC with loaded
MPC in the vertical or horizontal position

iii. lifting of the loaded MPC into and out of the HI-TRAC, HI-STORM, or HI-STAR
overpack

The loads shall be increased by 15% to include any dynamic effects from the lifting operations as
directed by CMAA #70 [2.2.16].

Handling operations of the loaded HI-TRAC transfer cask or HI-STORM overpack are limited to
working area ambient temperatures greater than or equal to 07F. This limitation is specified to ensure
that a sufficient safety margin exists before brittle fracture might occur during handling operations.
Subsection 3.1.2.3 provides the demonstration ofthe adequacy ofthe HI-TRAC transfer cask and the
HI-STORM overpack for use during handling operations at a minimum service temperature of 0° F.

Lifting attachments and devices shall meet the requirements of ANSI N14.6t [2.2.3].

2.2.1.3 Pressure

The MPC internal pressure is dependent on the initial volume of cover gas (helium), the volume of
fill gas in the fuel rods, the fraction of fission gas released from the fuel matrix, the number of fuel
rods assumed to have ruptured, and temperature.

The normal condition MPC internal design pressure bounds the cumulative effects of the maximum
fill gas volume, normal environmental ambient temperatures, the maximum MPC heat load, and an
assumed 1% of the fuel rods ruptured with 100% of the fill gas and 30% of the significant
radioactive gases (e.g., H3 , Kr, and Xe) released in accordance with NUREG-1536.

t Yield and ultimate strength values used in the stress compliance demonstration per ANSI N 14.6 shall utilize
confirmed material test data through either independent coupon testing or material suppliers= CMTR or COC, as
appropriate. To ensure consistency between the design and fabrication of a lifting component, compliance with
ANSI N 14.6 in this FSAR implies that the guidelines of ASME Section HI, Subsection NF for Class 3 structures are
followed for material procurement and testing, fabrication, and for NDE during manufacturing.
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Table 2.2.1 provides the design pressures for the HI-STORM 100 System.

For the storage of damaged fuel assemblies or fuel debris in a damaged fuel container, it is
conservatively assumed that 100% of the fuel rods are ruptured with 100% of the rod fill gas and
30% of the significant radioactive gases (e.g., H3, Kr, and Xe) released for both normal and off-
normal conditions. For PWR assemblies stored with non-fuel hardware, it is assumed that 100% of
the gasses in the non-fuel hardware (e.g., BPRAs) is also released. This condition is bounded by the
pressure calculation for design basis intact fuel with 100% of the fuel rods ruptured in all of the fuel
assemblies. It is shown in Chapter 4 that the accident condition design pressure is not exceeded with
1 00%/e ofthe fuel rods ruptured in all of the design basis fuel assemblies. Therefore, nrture of 100%/
of the fuel rods in the damaged fuel assemblies or fuel debris will not cause the MPC internal
pressure to exceed the accident design pressure.

The MPC internal design pressure under accident conditions is discussed in Subsection 2.2.3.

The EnSTORM overpack and WPC external pressure is a function of environmental conditions
which may produce a pressure loading. The normal and off-normal condition external design
pressure is set at ambient standard pressure (I -atmosphere)..

The MI-STORM overpack is not capable of retaining internal pressure due to its open design, and,
therefore, no analysis is required or provided for the overpack internal pressure.

The HI-TRAC is not capable of retaining internal pressure due to its open design and, therefore,
ambient and hydrostatic pressures are the only pressures experienced. Due to the thick steel walls of
the HI-TRAC transfer cask, it is evident that the small hydrostatic pressure can be easily withstood;
no analysis is required or provided for the HI-TRAC internal pressure. However, the HI-TRAC
waterjacket does experience internal pressure due to the heat-up ofthe water contained in the water
jacket. Analysis is presented in Chapter 3 that demonstrates that the design -pressure in Table 2.2.1
can be withstood by the water jacket and Chapter 4 demonstrates by analysis that the water jacket
design pressure will not be exceeded. To provide an additional layer of safety, a pressure relief
device set at the design pressure is provided, which ensures the pressure will not be exceeded.

2.2.1.4 Environmental Temperatures

To evaluate the long-term effects of ambient temperatures on the HI-STORM 100 System, an upper
bound value on the annual average ambient temperatures for the continental United States is used.
The normal temperature specified in Table 2.2.2 is bounding for all reactor sites in the contiguous
United States. The "normal" temperature set forth in Table 2.2.2 is intended to ensure that it is
greater than the annual average of ambient temperatures at any location in the continental United
States. In the northern region of the U.S., the design basis "normal" temperature used in this FSAR
will be exceeded only for brief periods, whereas in the southern U.S, it may be straddled daily in
summer months. Inasmuch as the sole effect of the "normal" temperature is on the computed fuel
cladding temperature to establish long-term fuel integrity, it should not lie below the time averaged
yearly mean for the lSFSI site. Previously licensed cask systems have employed lower "normal"
temperatures (viz. 75° F in Docket 72-1007) by utilizing national meteorological data.
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Likewise, within the thermal analysis, a conservatively assumed soil temperature of the value 9
specified in Table 2.2.2 is utilized to bound the annual average soil temperatures for the continental
United States. The 1987 ASHRAE Handbook (HVAC Systems and Applications) reports average
earth temperatures, from 0 to 10 feet below grade, throughout the continental United States. The
highest reported annual average value for the continental United States is 77° F for Key West,
Florida. Therefore, this value is specified in Table 2.2.2 as the bounding soil temperature.

Confirmation of the site-specific annual average ambient temperature and soil temperature is to be
performed by the licensee, in accordance with IOCFR72.212. The annual average temperature is
combined with insolation in accordance with IOCFR71.71 averaged over 24 hours to establish the
normal condition temperatures in the HI-STORM 100 System.

2.2.1.5 Design Temperatures

The ASME Boiler and Pressure Vessel Code (ASME Code) requires that the value of the vessel
design temperature be established with appropriate consideration for the effect of heat generation
internal or external to the vessel. The decay heat load from the spent nuclear fuel is the internal heat
generation source for the HI-STORM 100 System. The ASME Code (Section III, Paragraph NCA-
2142) requires the design temperature to be set at or above the maximum through thickness mean
metal temperature of the pressure part under normal service (Level A) condition. Consistent with the
terminology ofNNUREG-1536, we refer to this temperature as the 'Design Temperature for Normal
Conditions". Conservative calculations of the steady-state temperature field in the HI-STORM 100
System, under assumed environmental normal temperatures with the maximum decay heat load,
result in HI-STORM component temperatures at or below the normal condition design temperatures
for the HI-STORM 100 System defined in Table 2.2.3.

Maintaining fuel rod cladding integrity is also a design consideration. The ma =ufuel rodpeak
cladding temperature (PC7) limits for the long-term storage and short-term normal operating
conditions meet the intent of the guidance in ISG-11, Revision 2 [2.0.8]. For moderate burnupfuel,
the previously licensedPCT limit of570"C (I058"F) may be used up to certain threshold heat loads
during MPC drying operations, provided the fuel cladding hoop stress is shown by analysis to be
acceptable (see Section 4.5). calculated by the DCCG (Diffusion Controlled Cavity Growth)
methodology outlined in the LLNLreport [2.2.11] in accordance withNUREG 1536. Howover, foT
on-seratism, the P.NL methodology outlined in PNL report [2.0.3] producesa l-ower fuel cladding

tempertatre, which is used to establish the permissible fuel cladding teemperature limits, which -are
used to determine the allowable fuel decay he at load. Maximum fuel rod stainless steel caladding
temperature limits recommended in EPRI report [2.2.13] are greater than the long term allowable
Zircaloy fuel cladding temperature limits. However, in this FSAR the long term Zircaloy fuel
cladding temperature limits are conservatively applied to the stainless steel clad fuel. The short term
temperature limits for Zircaloy and stainless steel cladding are taken from references [2.2.15] andA
[2.2.131, respectively.. A detailed description of the maximum fuel rod cladding temperature limits
determination is provided in Section 4.3.
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2.2.1.6 Snow and Ice

The HI-STORM 100 System must be capable of withstanding pressure loads due to snow and ice.
ASCE 7-88 (formerly ANSI A58.1) [2.2.2] provides empirical formulas and tables to compute the
effective design pressure on the overpack due to the accumulation of snow for the contiguous U.S.
and Alaska. Typical calculated values for heated structures such as the HI-STORM 100 System
range from 50 to 70 pounds per square foot. For conservatism, the snow pressure loading is set at a
level in Table 2.2.8 which bounds the ASCE 7-88 recommendation.

2.2.2 Off-Normal Conditions Design Criteria

As the HI-STORM 100 System is passive, loss of power and instrumentation failures are not defined
as off-normal conditions. The off-normal condition design criteria are defined in the following
subsections.

A discussion of the effects of each off-normal condition is provided in Section 11.1. Section 11.1
also provides the corrective action for each off-normal condition. The location of the detailed
analysis for each event is referenced in Section 11.1.

2.2.2.1 Pressure

The H-STORM 100 System must withstand loads due to off-normal pressure. The off-normal
condition MPC internal design pressure bounds the cumulative effects of the maximum fill gas
volume, off-normal environmental ambient temperatures, the maximum MPC heat load, and an
assumed 10% of the fuel rods ruptured with 100% of the fill gas and 30% of the significant
radioactive gases (e.g., H3, Kr, and Xe) released in accordance with NUREG-1536. For
eo1scrvamLH, me irW BUoloi Iftai ULes pressue UoufLQS DOUi ROrmniU ORO eII norimsI

cenditions. Therefore, the normal and off normal condition MPC internal pressures are set equal for
analysis pwpeses.

2.22.2 Environmental Temperatures

The MI-STORM 100 System must withstand off-normal environmental temperatures. The off-
normal environmental temperatures are specified in Table 2.2.2. The lower bound temperature
occurs with no solar loads and the upper bound temperature occurs with steady- state insolation.
Each bounding temperature is assumed to persist for a duration sufficient to allow the system to
reach steady-state temperatures.

Limits on the peaks in the time-varying ambient temperature at an ISFSI site is recognized in the
FSAR in the specification ofthe off-normal temperatures. The lower bound off-normal temperature
is defined as the minimum of the 72-hour average of the ambient temperature at an ISFSI site.
Likewise, the upper bound off-normal temperature is defined by the maximum of 72-hour average of
the ambient temperature. The lower and upper bound off-normal temperatures listed in Table 2.2.2
are intended to cover all ISFSI sites in the continent U.S. The 72-hour average of temperature used
in the definition ofthe off-normal temperature recognizes the considerable thermal inertia oftheHI-
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STORM 100 storage system which reduces the effect ofundulations in instantaneous temperature on
the internals of the multi-purpose canister.

2.2.2.3 Design Temperatures

In addition to the normal condition design temperatures which apply to long-term storage andshort
term normal operating conditions (eg., MPC drying operations), we also define an "off-
normal/accident condition temperature" pursuantto the provisions ofNUREG-1536 andRegulatory
Guide 3.61. This is, in effect, the sheot teem-temperature which may exist during a tLiti-n ste e
a transient event (examples of such instances are short tem temperature excsin during canister
vacuum dOing and backfiling operations (tranms. i ti sta) the overpack blocked air duct off-normal
event and fire accident en). The off-normallaccident design temperatures of Table
2.2.3 are set down to bound the maximax (maximum in time and space) value of the thiu-thickness
average temperature of the structural or non-structural part, as applicable, during the transients
short ten event. These enveloping values, therefore, will bound the maximum temperature reached
anywhere in the part, excluding skin effects during or immediately after, a shetten:transient event.

2.2.2.4 Leakage of One Seal

The MPC enclosure vessel has is designed to be leak tight under all normal, off-normal, and
hypothetical accident conditions ofstorage. Leakagefiom the confinement bounday is not credible.
HI STORM 100 System must withstand leakage of one seal in the radioactive material confinement
boundary.

The confinement boundary is defined by the MPC shell, baseplate, MPC lid, port cover plates, and
closure ring, and associated welds. Most confinement boundary welds are inspected by radiography
or ultrasonic examination. Field welds are examined by the liquid penetrant method on the root (if
more than one weld pass is required) and final weld passes. In addition to liquid penetrant
examination, the MPC lid-to-shell weld is leakage tested, hydrostaticpressure tested, and
volumetrically examined or multi-pass liquid penetrant examined. The vent and drain port cover
plates are subject tolealcage tested in addition to the liquid penetrant examination. These inspection
and testing techniques are performed to verify the integrity of the confinement boundary.

Although leakage of one seal is not a credible accident because the MPC confinement boundary does
not employ seals, a non mechanistic leak of the confinement boundary is analyzed as an accident
event in ap 11.

2.2.2.5 Partial Blockage of Air Inlets

The HI-STORM 100 System must withstand the partial blockage of the overpack air inlets. This
event is conservatively defined as a complete blockage of two (2) of the four air inlets. Because the
overpack air inlets and outlets are covered by fine mesh steel screens, located 900 apart, and
inspected routinely (or alternatively, exit vent air temperature monitored), it is unlikely that all vents
could become blocked by blowing debris, animals, etc. during normal and off-normal operations.
Two of the air inlets are conservatively assumed to be completely blocked to demonstrate the
inherent thermal stability of the HI-STORM 100 System.
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2.2.2.6 Off-Normal HI-TRAC Handling

During upending and/or downending of the HI-TRAC 100 or HI-TRAC 125 transfer cask, the total
lifted weight is distributed among both the upper lifting trunnions and the lower pocket trunnions.
Each ofthe four trunnions on the HI-TRAC therefore supports approximately one-quarter ofthe total
weight This even distribution of the load would continue during the entire rotation operation. The
HI-TRAC 125D transfer cask design does not include pocket tunnions. Therefore, the entire load is
held by the lifting trunnions.

If the lifting device cables begin to "go slack" while upending or downending the HI-TRAC 100 or
H[-TRAC 125, the eccentricity of the pocket trunnions would immediately cause the cask to pivot,
restoring tension on the cables. Nevertheless, the pocket trunnions are conservatively analyzed to
support one-half of the total weight, doubling the load per trunnion. This condition is analyzed to
demonstrate that the pocket trunnions in the standard HI-TRAC design possess sufficient strength to
support the increased load under this off-normal condition.

2.2.3 Environmental Phenomena and Accident Condition Design Criteria

Environmental phenomena and accident condition design criteria are defined in the following
subsections.

The minimum acceptance criteria for the evaluation of the accident conditions are that the MPC
confinement boundary maintains radioactive material confinement, the MPC fuel basket structure
maintains the fuel contents subcritical, the stored SNF can be retrieved by normal means, and the
system provides adequate shielding.

A discussion of the effects of each environmental phenomenon and accident condition is provided in
Section 11.2. The consequences of each accident or environmental phenomenon are evaluated
against the requirements of 1OCFR72.106 and 10CFR20. Section 11.2 also provides the corrective
action for each event. The location of the detailed analysis for each event is referenced in Section
1 1.2.- - -

2.2.3.1 Handling Accident

The HI-STORM 100 System must withstand loads due to a handling accident. Even though the
loaded HI-STORM 100 System will be lifted in accordance with approved, written procedures and
may use lifting equipment which complies with ANSI N14.6-1993 [2.2.31, certain drop events are
considered herein to demonstrate the defense-in-depth features of the design. :

The loaded HI-STORM overpack will be lifted so that the bottom of the cask is at a height less than
the vertical lift limit (see Table 2.2.8) above the ground. For conservatism, the postulated drop event
assumes that the loaded HI-STORM 100 overpack falls freely from the vertical lift limit height
before impacting a thick reinforced concrete pad. The deceleration of the cask must be maintained
below 45 g's. Additionally, the overpack must continue to suitably shield the radiation emitted from
the loaded MPC. The use of lifting devices designed in accordance with ANSI N14.6 having
redundant drop protection features to lift the loaded overpack will eliminate the lift height limit. The
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lift height limit is dependent on the characteristics of the impacting surface which are specified in
Table 2.2.9. For site-specific conditions, which are not encompassed by Table 2.2.9, the licensee
shall evaluate the site-specific conditions to ensure that the drop accident loads do not exceed 45 g's.
The methodology used in this alternative analysis shall be commensurate with the analyses in
Appendix 3.A and shall be reviewed by the Certificate Holder.

The loaded HI-TRAC will be lifted so that the lowest point on the transfer cask (i.e., the bottom edge
of the cask/lid assemblage) is at a height less than the calculated horizontal lift height limit (see
Table 2.2.8) above the ground, when lifted horizontally outside of the reactor facility. For
conservatism, the postulated drop event assumes that the loaded HI-TRAC falls freely from the
horizontal lift height limit before impact

Analysis is provided that demonstrates that the HI-TRAC continues to suitably shield the radiation
emitted from the loaded MPC, and that the HI-TRAC end plates (top lid and transfer lid for HI-
TRAC 100 and HI-TRAC 125 and the top lid and pool lid for HI-TRAC 125D) remain attached.
Furthermore, the Hl-TRAC inner shell is demonstrated by analysis to not deform sufficiently to
hinder retrieval ofthe MPC. The horizontal lift height limit is dependent on the characteristics ofthe
impacting surface which are specified in Table 2.2.9. For site-specific conditions, which are not
encompassed by Table 2.2.9, the licensee shall evaluate the site-specific conditions to ensure that the
drop accident loads do not exceed 45 g's. The methodology used in this alternative analysis shall be
commensurate with the methodology described in thisFSAR anabses in Appendix 3AN and shall be
reviewed by the Certificate Holder. The use of lifting devices designed in accordance with ANSI
N14.6 having redundant drop protection features during horizontal lifting of the loaded HI-TRAC
outside of the reactor facilities eliminate the need for a horizontal lift height limit.

The loaded HI-TRAC, when lifted in the vertical position outside of the Part 50 facility shall be
lifted with devices designed in accordance with ANSIN14.6 and having redundant drop protection
features unless a site-specific analysis has been performed to determine a lift height limit For
vertical lifts of HI-TRAC with suitably designed lift devices, a vertical drop is not a credible
accident for the HI-TRAC transfer cask and no vertical lift height limit is required to be established.
Likewise, while the loaded HI-TRAC is positioned atop the HI-STORM 100 overpack for transfer of
the MPC into the overpack (outside the Part 50 facility), the lifting equipment will remain engaged
with the lifting trunnions of the HI-TRAC transfer cask or suitable restraints will be provided to
secure the HI-TRAC. This ensures that a tip-over or drop from atop the HI-STORM 100 overpack is
not a credible accident for the HI-TRAC transfer cask. The design criteria and conditions of use for
MPC transfer operations from the HI-TRAC transfer cask to the HI-STORM 100 overpack at a Cask
Transfer Facility are specified in the HI STORM 100 CoC, Appendix B, Section 3.5 and in
Subsection 2.3.3.1 of this FSAR.

The loaded MPC is lowered into the HI-STORM or HI-STAR overpack or raised from the overpack
using the HI-TRAC transfer cask and a MPC lifting system designed in accordance with ANSI
N14.6 and having redundant drop protection features. Therefore, the possibility of a loaded MPC
falling freely from its highest elevation during the MPC transfer operations into the HI-STORM or
HI-STAR overpacks is not credible.
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The magnitude of loadings imparted to the HI-STORM 100 System due to drop events is heavily
influenced by the compliance characteristics ofthe impacted surface. Two "pre-approved" concrete
pad designs for storing the HI-STORM 100 System are presented in Table 2.2.9. Other ISFSI pad
designs may be used provided the designs are reviewed by the Certificate Holder to ensure that
impactive and impulsive loads under accident events such as cask drop and non-mechanistic tip-over
are less than the design basis limits when analyzed using the methodologies established in this
FSAR.

2.2.3.2 TiOver

The free-standing HI-STORM 100 System is demonstrated by analysis to remain kinematically
stable under the design basis environmental phenomena (tornado, earthquake, etc.). However, the
HI-STORM 100 Qoverpack and MPC shall also withstand impacts due to a hypothetical tip-over
event The structural integrity of a loaded HI-STORM 100 System after a tip-over onto a reinforced
concrete pad is demonstrated by analysis. The cask tip-over is not postulated as an outcome of any.
environmental phenomenon or accident condition. The cask tip-over is a non-mechanistic event

The'ISFSI pad for deploying a free-standing HI-STORM overpack must possess sufficient structural
stiffness to meet the strength limits set forth in the ACI Code selected by the ISFSI owner. At the
same time, the pad must be sufficiently compliant such that the maximum deceleration under a tip-
over event is below the limit set forth in Table 3.1.2 of this FSAR.

During original licensing fortheHI-STORMAR 100 System, a single setofISFSIpadand subgrade |
design parameters (now labeled Set A) was established. Experience has shown that achieving a
maximum concrete compressive strength (at 28 days) of 4,200 psi can be difficult Therefore, a
second set of ISFSI pad and subgrade design parameters (labeled Set B) has been developed. The
Set B ISFSI parameters include a thinner concrete pad and less stiff subgrade, which allow for a,
higher concrete compressive strength. Cask deceleration values for all design basis drop and tipover
events with the HI-STORM 100 and HI-STORM IOOS overpacks have been verified to be less than
or equal to the design limit of 45 g's for both sets of ISFSI pad parameters.

The original set and the new set (Set B) of acceptable ISFSI pad and subgrade design parameters are
specified in Table 2.2.9. Users may design their ISFSI pads and subgrade in compliance with either
parameter Set A or Set B. Alternatively, users may design their site-specific ISFSI pads and
subgrade using any combination of design parameters resulting in a structurally competent pad that
meets the provisions of ACI-318 and also limits the deceleration of the cask to less than or equal to
45 g's for the design basis drop and tip-over events for the HI-STORM 100 and HI-STORM 100S
overpacks. The structural analyses for site-specific ISFSI pad design shall be performed using
methodologies consistent with those described in this FSAR, as applicable.

If the HI-STORM 100 cask is deployed in an anchored configuration (HI-STORM 100A), then tip-
over of the cask is structurally precluded along with the requirement of target compliance, which
warrants setting specific limits on the concrete compressive strength and subgrade Young's
Modulus. Rather, at the so-called high seismic sites (ZPAs greater than the limit set forth in the CoC
for free standing casks), the ISFSI pad must be sufficiently rigid to hold the anchor studs and
maintain the integrity of the fastening mechanism embedded in the pad during the postulated seismic
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event. The ISFSI pad must be designed to minimize a physical uplift during extreme environmental
event (viz., tornado missile, DBE, etc.). The requirements on the ISFSI pad to render the cask
anchoring function under long-term storage are provided in Section 2.0.4.

2.2.3.3 Fire

The possibility of a fire accident near an ISFSI site is considered to be extremely remote due to the
absence of significant combustible materials. The only credible concern is related to a transport
vehicle fuel tank fire engulfing the loaded HI-STORM 100 overpack or HI-TRAC transfer cask
while it is being moved to the ISFSI.

The EI-STORM 100 System must withstand temperatures due to a fire event. The HI-STORM
overpack and H-TRAC transfer cask fire accidents for storage are conservatively postulated to be
the result of the spillage and ignition of 50 gallons of combustible transporter fuel. The HI-STORM
overpack and M-TRAC transfer cask surfaces are considered to receive an incident radiation and
forced convection heat flux from the fire. Table 2.2.8 provides the fire durations for the HI-STORM

100 overpack and HI-TRAC transfer cask based on the amount of flammable materials assumed. The
temperature of fire is assumed to be 14750 F in accordance with IOCFR71.73.

The accident condition design temperatures for the HI-STORM 100 System, and the fuel rod
cladding limits are specified in Table 2.2.3. The specified fuel cladding temperature limits are based
on the sheftem~temperature limit specified in reports [2.2.13 and 2.2.15].

2.2.3.4 Partial Blockage of MPC Basket Vent Holes

The HI-STORM 100 System is designed to withstand reduction of flow area due to partial blockage
of the MPC basket vent holes. As the MPC basket vent holes are internal to the confinement barrier,
the only events that could partially block the vents are fuel cladding failure and debris associated
with this failure, or the collection of crud at the base of the stored SNF assembly. The HI-STORM
100 System maintains the SNF in an inert environment with fuel rod cladding temperatures below
accepted values (Table 2.2.3). Therefore, there is no credible mechanism for gross fuel cladding
degradation during storage in the HI-STORM 100. For the storage of damaged BWR fuel assemblies
or fuel debris, the assemblies and fuel debris will be placed in damaged fuel containers prior to
placement in the MPC. The damaged fuel container is equipped with fine mesh screens which ensure
that the damaged fuel and fuel debris will not escape to block the MPC basket vent holes. In
addition, each MWC will be loaded once for long-term storage and, therefore, buildup of crud in the
MPC due to numerous loadings is precluded. Using crud quantities reported in an Empire State
Electric Energy Research Corporation Report [2.2.6], a layer of crud of conservative depth is
assumed to partially block the MPC basket vent holes. The crud depths for the different MPCs are
listed in Table 2.2.8.
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2.2.3.5 Tornado

The El-STORM 100 System must withstand pressures, wind loads, and missiles generated by a
tornado. The prescribed design basis tornado and wind loads for the HI-STORM 100 System are
consistent with NRC Regulatory Guide 1.76 [2.2.7], ANSI 57.9 [2.2.8], and ASCE 7-88 [2.2.2].
Table 2.2.4 provides the wind speeds and pressure drops which the HI-STORM 100 overpack must
withstand while maintaining kinematic stability. The pressure drop is bounded by the accident
condition MWC external design pressure.

The kcinematic stability of the rn-STORM overpack, and continued integrity of the MPC
confinement boundary, while within the storage overpack or HI-TRAC transfer cask, must be
demonstrated under impact from tornado-generated missiles in conjunction with the wind loadings.
Standard Review Plan (SRP) 3.5.1.4 ofNUREG-0800 [2.2.9] stipulates that the postulated missiles
include at least three objects: a massive high kinetic energy missile that deforms on impact (large
missile); a rigid missile to test penetration resistance (penetrant missile); and a small rigid missile of
a size sufficient to pass through any openings in the protective barriers (micro-missile). SRP 3.5.1.4
suggests an automobile for a large missile, a rigid solid steel cylinder for the penetrant missile, and a
solid sphere for the small rigid missile, all impacting at 35% ofthe maximum horizontal wind speed
ofthe design basis tornado. Table 2.2.5 provides the missile data used in the analysis, which is based
on the above SRP guidelines. The effects of a large tornado missile are considered to bound the
effects of a light general aviation airplane crashing on an ISFSI facility.

During horizontal handling ofthe loaded HI-TRAC transfer cask outside the Part 50 facility, tornado
missile protection shall be provided to prevent tornado missiles from impacting either end of the
HI-TRAC. The tornado missile protection shall be designed such that the large tornado missile
cannot impact the bottom or top of the loaded HI-TRAC, while in the horizontal position. Also, the
missile protection for the top of the HI-TRAC shall be designed to preclude the penetrant missile
and micro-missile from passing through the penetration in the HI-TRAC top lid, while in the
horizontal position. With the tornado missile protection in place, the impacting of a large tornado
missile on either end of the loaded HI-TRAC or the penetrant missile or micro-missile entering the
penetration of the top lid is not credible. Therefore, no analyses of these impacts are provided.

2.2.3.6 Flood

The HI-STORM 100 System must withstand pressure and water forces associated with a flood.
Resultant loads on the HI-STORM 100 System consist of buoyancy effects, static pressure loads,
and velocity pressure due to water velocity. The flood is assumed to deeply submerge the HI-
STORM 100 System (see Table 2.2.8). The flood water depth is based on the hydrostatic pressure
which is bounded by the MPG external pressure stated in Table 2.2.1.

It must be shown that the MPC does not collapse, buckle, or allow water in-leakage under the
hydrostatic pressure from the flood.

The flood water is assumed to be nonstagnant. The maximum allowable flood water velocity is
determined by calculating the equivalent pressure loading required to slide or tip over the HI-
STORM 100 System. The design basis flood water velocity is stated in Table 2.2.8. Site-specific
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safety reviews by the licensee must confirm that flood parameters do not exceed the flood depth,
slide, or tip-over forces.

If the flood water depth exceeds the elevation of the top of the HI-STORM overpack inlet vents, then
the cooling air flow would be blocked. The flood water may also canry debris which may act to block
the air inlets of the HI-STORM 100 Overpack. Blockage of the air inlets is addressed in Subsection
2.2.3.12.

Most reactor sites are hydrologically characterized as required by Paragraph 100.1 0(c) of I OCFR 100
and further articulated in Reg. Guide 1.59, "Design Basis Floods for Nuclear Power Plants" and Reg.
Guide 1.102, "Flood Protection for Nuclear Power Plants." It is assumed that a complete
characterization of the ISFSrs hydrosphere including the effects of hurricanes, floods, seiches and
tsunamis is available to enable a site-specific evaluation of the H-I-STORM 100 System for
kinematic stability. An evaluation for tsunamist for certain coastal sites should also be performed to
demonstrate that sliding or tip-over will not occur and that the maximum flood depth will not be
exceeded.

Analysis for each site for such transient hydrological loadings must be made for that site. It is
expected that the plant licensee will perform this evaluation under the provisions of IOCFR72.2 12.

2.2.3.7 Seismic Design Loadings

The HI-STORM 100 System must withstand loads arising due to a seismic event and must be shown I,
not to tip over during a seismic event. Subsection 3.4.7 contains calculations based on conservative
static "incipient tipping" calculations which demonstrate static stability. The calculations in Section
3.4.7 result in the values reported in Table 2.2.8, which provide the maximum horizontal zero period
acceleration (ZPA) versus vertical acceleration multiplier above which static incipient tipping would
occur. This conservatively assumes the peak acceleration values of each of the two horizontal
earthquake components and the vertical component occur simultaneously. The maximum horizontal
ZPA provided in Table 2.2.8 is the vector sum of two horizontal earthquakes.

For anchored casks, the limit on zero period accelerations is set by the structural capacity of the
sector lugs and anchoring studs. Table 2.2.8 provides the limits for HI-STORM 100A for the
maximum vector sum of two horizontal earthquake peak ZPA's along with the coincident limit on
the vertical ZPA.

2.2.3.8 100% Fuel Rod Rupture

The HI-STORM 100 System must withstand loads due to 100% fuel rod rupture. For conservatism,
100 percent of the fuel rods are assumed to rupture with 100 percent of the fill gas and 30% of the
significant radioactive gases (e.g., H3, Kr, and Xe) released in accordance with NUREG-1536. All

t A tsunami is an ocean wave from seismic or volcanic activity or from submarine landslides. A tsunami may be
the result of nearby or distant events. A tsunami loading may exist in combination with wave splash and spray,
storm surge and tides.
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of the fill gas contained in non-fuel hardware, such as Burnable Poison Rod Assemblies (BPRAs) is
also assumed to be released in analyzing this event.

2.23.9 Confinement Boundary Leakae

No credible scenario has been identified that would cause failure of the confinement system. Section
7.1 provides a discussion as to why leakage of any magnitudefrom the MPC is not credible, based
on the materials and methods offabrication and inspection. T: m- a n [ it .e saet m :

STORM 100 System, the largest test leakage ate fir the confinement boendry phis 50% fo
conservatism is assumed as the maximum credible confinement boundary leakage rate and 100
percent of the fuel rods are assumed to have failed. Under this accident condition, doses to an
individual located at the boundary of the controlled area are calculated.

2.2.3.10 Explosion

The H-STORM 100 System must withstand loads due to an explosion. The accident condition MPC
external pressure and overpack pressure differential specified in Table 2.2.1 bounds all credible
external explosion events. There are no credible internal explosive events since all materials are
compatible with the various operating environments, as discussed in Section 3.4.1, or appropriate
preventive measures are taken to preclude internal explosive events (see Section 1.2.1.3..I). The
MPC is composed of stainless steel, Beralneutron absorber material, and, prior to CoCAmendment
2, possibly optional aluminum alloy 1100 heat conduction elements., all of which have a long proven
history of use in fuel pools at nuclear power plants. For these materials, and considering the
protective measures taken during loading and unloading operations there is no credible eause few an
internal explosive event.

2.2.3.11 Lightnin-

The HI-STORM 100 System must withstand loads due to lightning. The effect of lightning on the
HI-STORM 100 System is evaluated in Chapter 11.

2.2.3.12 Burial Under Debris

The HI-STORM 100 System must withstand burial under debris. Such debris may result from
floods, wind storms, or mud slides. Mud slides, blowing debris from a tornado, or debris in flood
water may result in duct blockage, which is addressed in Subsection 2.2.3.13. The thermal effects of
burial under debris on the HI-STORM 100 System is evaluated in Chapter 11. Siting of the ISFSI
pad shall ensure that the storage location is not located near shifting soil. Burial under debris is a
highly unlikely accident, but is analyzed in this FSAR.
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2.2.3.13 100% BlockaRe of Air Inlets

For conservatism, this accident is defined as a complete blockage of all four bottom air inlets. Such a
blockage may be postulated to occur during accident events such as a flood or tornado with blowing
debris. The HI-STORM 100 System must withstand the temperature rise as a result of 100%
blockage ofthe air inlets and outlets. The fuel cladding temperature must be shown to remain below
the short teWm off-normal/accident temperature limit specified in Table 2.2.3.

2.2.3.14 Extreme Environmental Temperature

The HI-STORM 100 System must withstand extreme environmental temperatures. The extreme
accident level temperature is specified in Table 2.2.2. The extreme accident level temperature occurs
with steady-state insolation. This temperature is assumed to persist for a duration sufficient to allow
the system to reach steady-state temperatures. The HI-STORM 100 Overpack and MPC have a large
thermal inertia. Therefore, this temperature is assumed to persist over three days (3-day average).

2.2.3.15 Bounding Hydraulic. Wind, and Missile Loads for HI-STORM 100A

In the anchored configuration, the HI-STORM 1OA System is clearly capable of withstanding much
greater lateral loads than a free-standing overpack. Coastal sites in many areas of the world,
particularly the land mass around the Pacific Ocean, may be subject to severe fluid inertial loads.
Several publications [2.2.10, 2.2.11] explain and quantify the nature and source of such
environmental hazards.

It is recognized that a lateral fluid load may also be accompanied by an impact force from a fluid
borne missile (debris). Rather than setting specific limits for these loads on an individual basis, a
limit on the static overturning base moment on the anchorage is set. This bounding overturning
moment is given in Table 2.2.8 and is set at a level that ensures that structural safety margins on the
sector lugs and on the anchor studs are essentially equal to the structural safety margins of the same
components under the combined effect of the net horizontal and vertical seismic load limits in Table
2.2.8.The ISFSI owner bears the responsibility to establish that the lateral hydraulic, wind, and
missile loads at his ISFSI site do not yield net overturning moments, when acting separately or
together, that exceed the limit value in Table 2.2.8. If loadings are increased above those values for
free-standing casks, their potential effect on the other portions of the cask system must be
considered.

2.2.4 Applicability of Governing Documents

The ASME Boiler and Pressure Vessel Code (ASME Code), 1995 Edition, with Addenda through
1997 [2.2.1], is the governing code for the structural design of the MPC, the metal structure of the
HI-STORM 100 overpack, and the HI-TRAC transfer cask, exceptfor Sections VandiX. The latest
effective editions ofASME Section V and LY may be used, provided a written reconciliation of the
later edition against the 1995 Edition, including addenda, isperformed by the certificate holder. The
MPC enclosure vessel and fuel basket are designed in accordance with Section mI, Subsections NB
Class 1 and NG Class 1, respectively. The metal structure of the overpack and the FH-TRAC transfer
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cask are designed in accordance with Section m, SubsectionNF Class 3. The ASME Code is applied
to each component consistent with the function of the component.

ACI 349 is the governing code for the plain concrete in the HI-STORM 100 overpack. ACI 318-95
is the applicable code utilized to.determine the allowable compressive strength ofthe plain concrete
credited during structural analysis. Appendix 1 D provides the sections of ACI 349 and ACI 318-95
applicable to the plain concrete.

Table 2.2.6 provides a summary of each structure, system and component (SSC) of the Hl-STORM
100 System that is identified as important to safety, along with its function and governing Code.
Some components perform multiple functions and in those cases, the most restrictive Code is
applied. In accordance with NUREG/CR-6407, "Classification ofTransportation Packaging and Dry
Spent Fuel Storage System Components", and according to importance to safety, components of the
HI-STORM 100 System are classified as A, B, C, orNITS (not important to safety) in Table 2.2.6.
Section 13.1 provides the criteriaused to classify each item. The classification ofnecessaryauxiliary
equipment is provided in Table 8.1.6.

Table 2.2.7 lists the applicable governing Code for material procurement, design, fabrication and
inspection of the components ofthe HI-STORM 100 System. The ASME Code section listed in the
design column is the section used to define allowable stresses for structural analyses.

Table 2.2.15 lists theexeptions-alternatives to the ASME Code for the Hl-STORM 100 System and
thejustification for those etioinsalternatives.

The MPC enclosure vessel and certain fuel basket designs utilized in the Hl-STORM 100 System
are*s identical to the MPC components described in the SARs for the HI-STAR 100 System for
storage (Docket 72-1008) and transport (Docket 71-9261). To avoid unnecessary repetition of the
large numbers of stress analyses, attention is directed in this document refers to those SARs, as
applicable, establish that the MPC loadings for storage in the HI-STORM 100 System do not
exceed those computed in the referenced epplieatiensl-STAR documents. Many ofthe loadings in
the HI-STAR applications envelope the HI-STORM loadings on the MPC, and, therefore, a
complete re-analysis of the MPC is not provided in the FSAR. Certain individual WPC analyses may
have been required to license a particular MPCfuel basket design for HI-STORM that was not
previously licensedfor HI-STAR. These unique analyses are summarized in the appropriate location
in this FSAR-

Table 2.2.16 provides a summary comparison between the loading elements. Table 2.2.16 shows that
most of the loadings remain unchanged and several are less than the HI-STAR loading conditions. In
addition to the magnitude of the loadings experienced by the MPC, the application of the loading
must also be considered. Therefore, it is evident from Table 2.2.16 thattheMPC stress limits canbe
ascertained to be qualified a priori if the rn-STAR4 analyses and the thermal loadings under HI-
STORM storage are not more severe compared to previously analyzed HI-STAR conditions. In the
analysis of each of the normal, off-normal, and -accident conditions, the effect on the MPC is
evaluated and compared to the corresponding condition analyzed in the HI-STAR 100 System SARs
[2.2.4 and 2.2.5]. If the HI-STORM loading is greater than the HI-STAR loading or the loading is
applied differently, the analysis of its effect on the MPC is evaluated in Chapter 3.
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2.2.5 Service Limits

In the ASME Code, plant and system operating conditions are commonly referred to as normal,
upset, emergency, and faulted. Consistent with the terminology in NRC documents, this FSAR
utilizes the terms normal, off-normal, and accident conditions.

The ASME Code defines four service conditions in addition to the Design Limits for nuclear
components. They are referred to as Level A, Level B, Level C, and Level D service limits,
respectively. Their definitions are provided in Paragraph NCA-2142.4 ofthe ASME Code. The four
levels are used in this FSAR as follows:

a. Level A Service Limits: Level A Service Limits are used to establish allowables for
normal condition load combinations.

b. Level B Service Limits: Level B Service Limits are used to establish allowables for
off-normal condition load combinations.

c. Level C Service Limits: Level C Service Limits are not used.

d. Level D Service Limits: Level D Service Limits are used to establish allowables for
accident condition load combinations.

The ASME Code service limits are used in the structural analyses for definition of allowable stresses
and allowable stress intensities. Allowable stresses and stress intensities for structural analyses are
tabulated in Chapter 3. These service limits are matched with normal, off-normal, and accident
condition loads combinations in the following subsections.

The MPC confinement boundary is required to meet Section a, Class 1, Subsection NB stress
intensity limits. Table 2.2.10 lists the stress intensity limits for the Levels A, B, C, and D service
limits for Class 1 structures extracted from the ASME Code (1995 Edition). The limits for the MPC
fuel basket, required to meet the stress intensity limits of Subsection NG of the ASME Code, are
listed in Table 2.2.11. Table 2.2.12 lists allowable stress limits for the steel structure of the Hl-
STORM overpack and HI-TRAC which are analyzed to meet the stress limits of Subsection NF,
Class 3. Only service levels A, B, and D requirements, normal, off-normal, and accident conditions,
are applicable.

2.2.6 Loads

Subsections 2.2.1, 2.2.2, and 2.2.3 describe the design criteria for normal, off-normal, and accident
conditions, respectively. Table 2.2.13 identifies the notation for the individual loads that require
consideration. The individual loads listed in Table 2.2.13 are defined from the design criteria. Each
load is assigned a symbol for subsequent use in the load combinations.

The loadings listed in Table 2.2.13 fall into two broad categories; namely, (i) those that primarily
affect kinematic stability, and (ii) those that produce significant stresses. The loadings in the former
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category are principally applicable to the overpack. Tornado wind (W'), earthquake (E), and
tornado-borne missile (M) are essentiallyloadings which can destabilize a cask. Analyses reported in
Chapter 3 show that the H[-STORM 100 overpack structure will remain kinematically stable under
these loadings. Additionally, for the missile impact case i, analyses that demonstrate that the
overpack structure remains unbreached by the postulated missiles are provided in Chapter 3.

Loadings in the second category produce global stresses that must be shown to comply with the
stress intensity or stress limits, as applicable. The relevant loading combinations for the fuel basket,
the MPC, the HI-TRAC and the HI-STORM overpack are different because of differences in their
function. For example, the fuel basket does not experience a pressure loading because it is not a
pressure vessel. The specific load combination for each component is specified in Subsection 2.2.7.

2.2.7 Load Combinations

To demonstrate compliance with the design requirements for normal, off-normal, and accident
conditions of storage, the individual loads, identified in Table 2.2.13, are combined into load
combinations. In the formation of the load combinations, it is recognized that the number of
combinations requiring detailed analyses is reduced by defining bounding loads. Analyses performed
using bounding loads serve to satisfy the requirements for analysis of a multitude of separately
identified loads in combination.

For example, the values established for internal and external pressures (Pi and P.) are defined such
that they bound other surface-intensive loads, namely snow (S), tornado wind (W'),- flood (F), and
explosion (E ). Thus, evaluation of pressure in a load combination established for a given storage
condition enables many individual load effects to be included in a single load combination.

Table 2.2.14 identifies the combinations of the loads that are required to be considered in order to
ensure compliance with the design criteria set forth in this chapter. Table 2.2.14 presents the load
combinations in terms ofthe loads that must be considered together. A number of load combinations
are established for each ASME Service Level. Within each loading case, there maybe more than one
analysis that is required to demonstrate compliance. Since the breakdown into specific analyses is
most applicable to the structural evaluation, the identification of individual analyses with the
applicable loads for each load combination is found in Chapter 3. Table 3.1.3 through 3.1.5 define
the particular evaluations of loadings that demonstrate compliance with the load combinations of
Table 2.2.14.

For structural analysis purposes, Table 2.2.14 serves as an intermediate classification table between
the definition of the loads (Table 2.2.13 and Section 2.2) and the detailed analysis combinations
(Tables 3.1.3 through 3.1.5).

Finally, it should be noted that the load combinations identified in NUREG-1536 are considered as
applicable to the HI-STORM 100 System. Themajorityofload combinationsinNUREG-1536 are
directed toward reinforced concrete structures. Those load combinations applicable to steel
structures are directed toward frame structures. As stated in NUREG-I 536, Page 3-35 of Table 3-1,
"Table 3-1 does not apply to the analysis of confinement casks and other components designed in
accordance with Section HI of the ASME B&PV Code." Since the H-STORM 100 System is a
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I1metal shell structure, with concrete primarily employed as shielding, the load combinations of
NUREG-1 536 are interpreted within the confines and intent of the ASME Code.

2.2.8 Allowable Stresses

The stress intensity limits for the MPC confinement boundary for the design condition and the
service conditions are provided in Table 2.2.10. The MPC confinement boundary stress intensity
limits are obtained from ASME Code, Section m, Subsection NB. The stress intensity limits for the
MPC fuel basket are presented in Table 2.2.11 (governed by SubsectionNG of Section m). The steel
structure ofthe overpack and the HI-TRAC meet the stress limits of Subsection NF ofASME Code,
Section m for plate and shell components. Limits for the Level D condition are obtained from
Appendix F of ASME Code, Section m for the steel structure of the overpack. The ASME Code is
not applicable to the HI-TRAC transfer cask for accident conditions, service level D conditions. The
HI-TRAC transfer cask has been shown by analysis to not deform sufficiently to apply a load to the
MPC, have any shell rupture, or have the top lid, pool lid, or transfer lid (as applicable) detach.

The following definitions of terms apply to the tables on stress intensity limits; these definitions are
the same as those used throughout the ASME Code:

S.: Value of Design Stress Intensity listed in ASME Code Section 11, Part D, Tables 2A,
2B and 4

Sy: Minimum yield strength at temperature

S.: Minimum ultimate strength at temperature
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Table 2.2.1

DESIGN PRESSURES

Pressure Location Condition Pressure (swI)

MPC Internal Pressure Normal 100

Off-Normal 400 110

Accident 200

MPC External Pressure Normal (0) Ambient

Off-Normal (0) Ambient

Accident 60

Overpack External Pressure Normal (0) Ambient

Off-Normal (0) Ambient

10 (differential pressure for
1 second maximum)

Accident or
S (differential pressure

.- __ _ _ _ _ _ _ _ _ _ _ _ _ :steady state)

HI-TRAC Water Jacket Normal 60

Off-normal 60

N/A
(Under accident
conditions, the water jacket

Accident is assumed to have lost all
water thru the pressure
relief valves)

I

HI-STORM FSAR
REPORT H-2002444

Proposed Rev. 2B
2.2-19



Table 2.2.2

ENVIRONMENTAL TEMPERATURES

Condition Temperature (F) Comments

HI-STORM 100 Overpack

Normal Ambient
(Bounding Annual 80
Average)

Normal Soil Temperature
(Bounding Annual 77
Average)

Off-Normal Ambient -400F with no insolation
(3-Day Average) -40 and 100

1000F with insolation

Extreme Accident Level 1250F with insolation starting at
Ambient (3-Day Average) 125 steady-state off-normal high

environment temperature

HI-TRAC Transfer Cask

Normal (Bounding Annual 100
Average)

Off-Normal 00 F with no insolation
(3-Day Average) 0 and 100

100° F with insolation

Note:

1. Handling operations with the loaded HI-STORM 100 overpack and HI-TRAC transfer cask
are limited to working area ambient temperatures greater than or equal to 0'F as specified in
Subsection 2.2.1.2. and the Design Features section of Appendix B to the CoG. .
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Table 2.23. (continued) I

DESIGN TEMPERATURES

Long Term, Normal Short Term Operations,
X -. - - ~~Long Term, Normal f-omIan

Condition ~ 0ff-Normal, and
0 m-STORM 10o Component Condition Design Accident Condition

Temperature. Limits Temperature. LimIts
C) (I F)

MPC shell 440500 775
MPC basket 725 950
MPC Bond NeutronAbsorber 800 950
WC lid 550 775

MPC closure ring 400 775
MPC baseplate 400 775

WPC Heat Conduction Elements - 725 950
HI-TRAC inner shell 400 600
HI-TRAC pool lid/transfer lid 350 700
HI-TRAC top lid 400 700
H-TRAC top flange 400 700
HI-TRAC pool lid seals 350 N/A
HI-TRAC bottom lid bolts . 350 700
HI-TRAC bottom flange 350 -700
HI-TRAC top lid neutron shielding 300 M0350
Ell-TRAC radial neutron shield 307 N/A
HEI-TRAC radial lead gamma shield 350 600
Remainder ofHIl-TRAC 350 700

752 or 1058
(Short Term Operations)t

Fuel Cladding 752 1058

(Off-normal andAccident
Conditions)

ZixcAloy fuel cladding (5 ye -691(PWR)-;^, 451 _C__eeoled)40VR
Zircaly fuel cladding (6 year -676(RWR) 105

ZiMOyAfuelkladding(7 yea 3 V 1058
ecooed 4 690B_ _ _ _

t For accident conditions that involve heating of the steel structures and no mechanical loading (such as the
blocked air duct accident), the permissible metal temperature of the steel parts is defined by Table IA of ASME
Section 1 (Part D) for Section m, Class 3 materials as 7000 F. For the ISFSI fire event, the maximum
temperature limit for ASME Section 1 equipment is appropriate (850 0 F in Code Table IA).

t See Section 4.5for discussion of the 10587F temperature limitfor Moderate Burnup Fuel during APC drying
operations.

I
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Table 2.2.3 (eentinued)

DESIGN TEMPERATURES

I

Short Term Operations,Long Term, Normal Off-Normal, and

Ii-STORM 100 Component Condrtuon Design Accident Condition
Te D peaur imt Temperature. Limltst

('F)~~~~~CDF

Zieal fel lddin (lya6$8(PR3 1058
Zincalmx fuel cladding (15 year 626(BWR3

Zircaloy fuecl cladding (15 year -6794(PWR) 71 1058
eeelEd)t 64(1WR) __

Zircaloy fuel cladding (5 ye~ar 660 PWR)712cooled)

6=fu l clddin (7 ear635 (PWR) 669 1058

Zi=Maloy fuel cladding (10-year 6214WR)68 1058
Geeledw (BWR_)
ZiMaloy fel cladding (5 yea 619PWR)646 1058

.1 4

Overpack outer shell 350 600
Overpack o ncrete 300w0W350
Overpack inner shel 350 400
Overpack Lid Top and Bottom Plate 30450 550
Remainder of overpack steel 350 400

NOTES: 1. Moderate Burnup Fuel
. High Bufrng p Fuel (see Table a.A.2)

I

I �"�
I
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Table 2.2.4

TORNADO CHARACTERISTICS

Condition Value

Rotational wind speed (mph) 290

Translational speed (mph) 70

Maximum wind speed (mph) 360

Pressure drop (psi) 3.0
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Table 2.2.5

TORNADO-GENERATED MISSILES

Missile Description Mass (kg) Velocity (mph)

Automobile 1800 126

Rigid solid steel cylinder 125 126
(8 in. diameter) 126

Solid sphere 0.22 126
(1 in. diameter)
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
MPC (10.2)

C

5f Codes/Standards
Primary Function Component (3) S a pe to Material Strength (ksi) nish/Coal ing (if Contact Mail

_o4 (s pplcal tol
__________________ ~ ~ ~ ~ Cass componn) __Finish/Coatingifdissimilar)

Confinement Shell A ASME Section 11; Alloy X " See Appendix L.A NA NA
Subsection NB

Confinement Baseplate A ASME Section HII; Alloy X See Appendix 1 .A NA NA
Subsection NB d

Confinement Lid A ASME Section III; Alloy X See Appendix 1 .A NA NA
Subsection NB

Confinement Closure Ring A ASME Section III; Alloy X See Appendix 1A NA NA
Subsection NB i _X_____X

Confinement Port Cover Plates A ASME Section III; Alloy X See Appendix I .A NA NA
_______________ fSubsection NB _

Criticality Control Basket Cell Plates A ASME Section III; Alloy X See Appendix I .A NA NA
Subsection NG;
core support
structures (NG-

. .: tl____________ 1121) .
Criticality Control Boan Neutron Absorber A Non-code NA NA NA Aluminum/SS

Shielding Drain and Vent Shield C Non-code Alloy X See Appendix 1 .A NA NA
Block

Shielding Plugs for Drilled Holes NITS Non-code SA 193B8 See Appendix L.A NA NA
(or

equivalent)

Notes: 1)
2)

3)
4)

5)
6)

There are no known residuals on finished component surfaces
All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds
shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section m.
Component nomenclature taken from Bill of Materials in Chapter 1.
A, B, and C denote important to safety classifications as described in Adapted4 the Holtec QA Program. NITS stands for Not Important to
Safety.
For details on Alloy X material, see Appendix I.A.
Must be Type 304, 304LN, 316, or 316 LN with tensile strength > 75 ksi, yield strength > 30 ksi and chemical properties per ASTM A554.

I
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
MPC (.2)

(3) Saey CdsSadrsSpecial Surface Contact Matd.
Primary Function Component )Class (4) (as applicable to Material Strength ( ksi) Finish/Coating if dissimilar)

component)
Structural Integrity Upper Fuel Spacer Column B ASME Section TIT; Alloy X See Appendix l .A NA NA

Subsection NG
(only for stress
analysis)

Structural Integrity Sheathing A Non-code Alloy X See Appendix L.A Aluminum/SS NA
Structural Integrity Shims NITS Non-code Alloy X See Appendix 1.A NA NA
Structural Integrity Basket Supports (Angled A ASME Section m; Alloy X See Appendix l.A NA NA

Plates) Subsection NG;
internal structures
(NG-] 122)

Structural Form Basket Supports (Flat NITS Non-Code Alloy X See Appendix .A NA NA
Plates)

Structural Integrity Lift Lug C NUREG-0612 Alloy X See Appendix L.A NA NA
Structural Integrity Lift Lug Baseplate C Non-code Alloy X See Appendix L.A NA NA
Structural Integrity Upper Fuel Spacer Bolt NITS Non-code A193-B8 Per ASME Section NA NA

(or equiv.) In
Structural Integrity Upper Fuel Spacer End B Non-code Alloy X See Appendix l.A NA NA

Plate
Structural Integrity Lower Fuel Spacer Column B ASME Section m; Stainless See Appendix L.A NA NA

Subsection NG Steel. See
(only for stress Note 6
analysis)

Structural Integrity Lower Fuel Spacer End B Non-code Alloy X See Appendix l.A NA NA
Plate

Notes: I ) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section III.

3) Component nomenclature taken from Bill of Materials in Chapter 1.
4) A, B, and C denote important to safety classifications as described in Ghapter- 13 the Holtec QA Program. NITS stands for Not Important to

Safety.
5) For details on Alloy X material, see Appendix l.A.
6) Must be Type 304, 304LN, 316, or 316 LN with tensile strength > 75 ksi, yield strength > 30 ksi and chemical properties per ASTM A554.
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(
TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
MPC (.2)

C

Safees to ttndalrds Special Surfaice Contact Matd.
Primary Function Component (3) ClaSS74) (as alicable Material Strength ( ksi) Finish/Coating if dissimilar)

Structural Integrity Vent Shield Block Spacer C Non-code Alloy X See Appendix L.A NA NA

Operations Vent and Drain Tube C Non-code S/S Per ASME Section Thread area NA
. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _I_ . . I surface hardened _ _ _ _ _ _ _ _ I

Operations Vent & Drain Cap C Non-code S/S Per ASME Section NA NA
U

Operations Vent & Drain Cap Seal NITS Non-code Aluminum NA NA Aluminum/SS
Washer l

Operations Vent & Drain Cap Seal NITS Non-code Aluminum NA NA NA
Washer Bolt

Operations Reducer NITS Non-code Alloy X See Appendix L.A NA NA
Operations _ Drain Line NITS Non-code Alloy X See Appendix I .A NA NA
Operations Damaged Fuel Container C ASME Section III; Primarily See Appendix I.A NA NA

Subsection NG 304 S/S.
excepitfor
locking
spring.
which may
be any type

.pe r a t i o n D r a i n L i n e G u i d e T u b e N o n -c o d e S / S N A N A N Ao f S S
Oprtons Drain Line Guide Tube NITS Non-code S/S NA NA NA

Notes: l)
2)

3)
4)

5)
6)

There are no known residuals on finished component surfaces
All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds
shall be made using welders qualified in accordance with ASME Section TX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section m.
Component nomenclature taken from Bill of Materials in Chapter 1.
A, B, and C denote important to safety classifications as described in hapter 13 the Holtec QA Program. NITS stands for Not Important to
Safety.
For details on Alloy X material, see Appendix I .A.
Must be Type 304, 304LN, 316, or 316 LN with tensile strength > 75 ksi, yield strength > 30 ksi and chemical properties per ASTM A554.

I
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
OVERPACK (1"

Primnaiy Function Component (3) Safe Codes/Standards Material Strength ( ksi) Special Surface Contact Mad.
Class aspnn)________ Finish/Coating (if dissimilar)cmpoet

Shielding Radial Shield B ACI 349, App. I -D Concrete See Table I .D. I NA NA
Shielding Shield Block Ring (100) B See Note 6 SA516-70 See Table 3.3.2 See Note 5 NA

Shielding Lid Shield Ring (IOOS) B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
and Shield Block Shell Subsection NF or
(100S) SA515-70

Shielding Shield Block Shell (100) B See Note 6 SA516-70 See Table 3.3.2 See Note 5 NA
or
SA515-70

Shielding Pedestal Shield B ACI 349, App. 1 -D Concrete See Table I .D. I NA NA
Shielding Lid Shield B ACI 349, App. I -D Concrete See Table 1.D. I NA NA
Shielding Shield Shell (eliminated B See Note 6 SA516-70 See Table 3.3.2 NA NA

from design 6/01)
Shielding Shield Block B ACI 349, App. I -D Concrete See Table l.D. I NA NA
Shielding Gamma Shield Cross C Non-code SA240-304 NA NA NA

Plates & Tabs
Structural Integrity Baseplate B ASME Section III; SA516-70 See Table 3.3.3 See Note 5 NA

Subsection NF
Structural Integrity Outer Shell B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Inner Shell B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

I Subsection NF I
Concrete Form Pedestal Shell B See Note 6 SA516-70 See Table 3.3.2 See Note 5 NA

Notes: 1)
2)

3)
4)

5)
6)

There are no known residuals on finished component surfaces
All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds
shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section n and
the applicable Subsection of ASME Section III.
Component nomenclature taken from Bill of Materials in Chapter 1.
A, B, and C denote important to safety classifications as described in Chapter 13. the Holtec QA Program. NITS stands for Not Important to
Safety.
All exposed steel surfaces (except threaded holes) to be painted with Thermaline 450 or equivalent.
Welds will meet AWS Dl. I requirements for prequalified welds, except that welder qualification and weld procedures of ASME Code Section IX
may be substituted.
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( (
TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE IN-STORM 100 SYSTEM
OVERPACK('2°

(

Function ~~~~(3) Safety Codes/Standards Special Surface Contact Matd.Primary Function Component Class 4 (as applicable to Material Strength ( ksi) Finish/Coating (if dissimilar)
_ _____________________ ________ com ponent) _

Concrete Form Pedestal Plate (100) B See Note 6 SA516-70 See Table 3.3.2 See Table 3.3.2 NA
Pedestal Baseplate (IOOS) or

SA515-70
Structural Integrity Lid Bottom Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Lid Shell B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Inlet Vent Vertical & B ASME Section 111; SA516-70 See Table 3.3.2 See Note 5 NA

_______________ Horizontal Plates _ Subsection NF _
Thermal Exit Vent Horizontal Plate B See Note 6 SA5 16-70 See Table 3.3.2 See Note 5 NA

.__ _ _ _ _ _ _ _ _ _ _ _ _ _ (1 0 0 ) ., , . ,_._.
Thermal Exit Vent Vertical/Side B See Note 6 SA516-70 See Table 3.3.2 See Note 5 NA

Plate or
L__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ _ _ _ _ _ _ _ S A 5 1 5 -7 0

Structural Integrity Top Plate, including shear B ASME Section m; SA516-70. See Table 3.3.2 See Note 5 NA
ring Subsection NF

Structural Integrity Lid Top Plate, including B ASME Section m; SA516-70 See Table 3.3.2 See Note 5 NA
shear ring . Subsection NF l

Structural Integrity Radial Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF

Notes: I ) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section m.

3) Component nomenclature taken from Bill of Materials in Chapter 1.
4) A, B, and C denote important to safety classifications as described in Chapter- 13. the Holtec QA Program. NITS stands for Not Important to

Safety.
5) All exposed steel surfaces (except threaded holes) to be painted with Thermaline 450 or equivalent.
6) Welds will meet AWS Dl. I requirements for prequalified welds, except that welder qualification and weld procedures of ASME Code Section IX

may be substituted.
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
OVERPACK ( 12)

Saey Codes/Standards Special Surface contact Matl.
Primary Function Component (3) Cls4s as applicble)t Material Strength ( )si) Finish/Coat dsila

com po nent) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Structural Integrity Lid Stud & Nut B ASME Section H SA564-630 See Table 3.3.4 Threads to have NA
or cadmium coating
SA 193-B7 (or similar
(stud) lubricant for
SA 194-2H corrosion
(nut) protection)

Structural Integrity IOOS Lid Washer B Non-Code SA240-304 Per ASME NA NA
Section II

Structural Integrity Bolt Anchor Block B ASME Section III; SA3S0-LF3 See Table 3.3.3 See Note 5 NA
Subsection NF Or SA203E
ANSI N14.6

Structural Integrity Channel B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF (galvanized) or Table 3.3.1 (not applicable to

or SA240-304)
SA240-304

Structural Integrity Channel Mounts B ASME Section III; A36 or Per ASME See Note 5 NA
Subsection NF equivalent Section II l

Structural Integrity Pedestal Platform B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF

Operations Storage Marking NITS Non-code SA240-304 NA NA NA
Nameplate

operations Exit Vent Screen Sheet NITS Non-code SA240-304 NA NA NA
Operations Drain Pipe NITS Non-code CIS or S/S NA See Note 5 NA
Operations Exit & Inlet Screen Frame NITS Non-code SA240-304 NA NA NA

Notes: 1)
2)

3)
4)

5)
6)

There are no known residuals on finished component surfaces
All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX Al welds
shal be made using welders qualified in accordance with ASME Section IX Weld material shall meet the requirements of ASME Section H and
the applicable Subsection of ASME Section m.
Component nomenclature taken from Bill of Materials in Chapter 1.
A, B, and C denote important to safety classifications as described in Chaptf 13. the Holtec QA Program. NITS stands for Not Important to
Safety.
All exposed steel surfaces (except threaded holes) to be painted with Thermaline 450 or equivalent
Welds will meet AWS Dl. I requirements for prequalified welds, except that welder qualification and weld procedures of ASME Code Section IX
may be substituted.
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(
TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
OVERPACK(1.2

(

Codes/Standards
Primary Function Component S cty) as applicable to Material Strength (ki) Specal Surface Mati

Classmoen) ______Finish/Coating (if dissimilar)
Operations Temperature Element & B Non-code NA NA NA NA

Associated Temperature
Monitoring Equipment _ . ._.

Operations Screen NITS Non-code Mesh Wire NA NA NA
Operations Paint NITS Non-code Thermaline NA NA NA

450 or
.__ _ _ _ _ _ _ ._ _ _ _ _ _ _ _ _ _ _ ._ _ _ _ _ _ _ .e q u iv a le n t

Notes: 1) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section MX All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section III.

3) Component nomenclature taken from. Bill of Materi als in Chapter 1.
4) A, B, and C denote important to safety classifications as described in Ghaptep4-3r the Holtec QA Pr'ogram. NITS stands for Not Important to

Safety.
5) All exposed steel surfaices (except threaded holes) to be painted with Thermaline 450 or equivalent.
6) Welds will meet AWS DI. I1 requirements for prequalifled welds, except that welder qualification and weld procedures of ASME Code Section IX

may be substituted.
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
HI-TRAC TRANSFER CASK('^)

Safety Codes/StandardsSpcaSuae CottMt.
Primary Function Component Class 4) (as applicable to Material Strength ( ksi) Finish/Coating (if dissimilar)

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _co rnp o n e nt _ _ _ _ _ _ _ _ _ _ _ _ _ _

Shielding Radial Lead Shield B Non-code Lead NA NA NA
Shielding Pool Lid Lead Shield B Non-code Lead NA NA NA
Shielding Top Lid Shielding B Non-code Holtite NA NA NA
Shielding Plugs for Lifting Holes NITS Non-code C/S NA NA
Structural Integrity Outer Shell B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Inner Shell B ASME Section HI; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Radial Ribs B ASME Section mI; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Water Jacket Enclosure B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Shell Panels (HI-TRAC Subsection NF
100 and 125)

Structural Integrity Water Jacket Enclosure B ASME Section HI; SA516-70 See Table 3.3.2 See Note 5 NA
Shell Panels (HI-TRAC Subsection NF or
125D) SA515-70

Structural Integrity Water Jacket End Plate B ASME Section mH; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF

Structural Integrity Top Flange B ASME Section m; SA350-LF3 See Table 3.3.3 See Note 5 NA
Subsection NF

Structural Integrity Lower Water Jacket Shell B ASME Section m; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF

Notes: 1) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section m.

3) Component nomenclature taken from Bill of Materials in Chapter 1.
4) A, B, and C denote important to safety classifications as described in ChapteF 13 the Holtec QA Program. NITS stands for Not Important to

Safety.
5) All external surfaces to be painted with Carboline 890. Inside surface of transfer cask to be painted with Thermaline 450.
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( (
TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
HI-TRAC TRANSFER CASK<"'

(

Primary Function Component (3) Saferk) cablento Material Strength (ksi) Special Surface Contact Mat.
Class Fnish/Coating (if dissimilar)

Structural Integrity Pool Lid Outer Ring B ASME Section III; SA516-70 See Table 3.3.3 See Note 5 NA
Subsection NF or

SA 203E
or

.____________ SA350-LF3
Structural Integrity Pool Lid Top Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

_______ Subsection NF
Structural Integrity Top Lid Outer Ring B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Top Lid Inner Ring B ASME Section m; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Top Lid Top Plate B ASME Section m; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF l
Structural Integrity Top Lid Bottom Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Fill Port Plugs C ASME Section m; Carbon See Table 3.3.2 See Note 5 NA

Subsection NF Steel

Notes: I) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section Ill.

3) Component nomenclature taken from Bill of Materials in Chapter 1.
4) A, B, and C denote important to safety classifications as described in Chapter- 13 the Holtec QA Program. NITS stands for Not Important to

Safety.
5) All external surfaces to be painted with Carboline 890. Inside surface of transfer cask to be painted with Thermaline 450.

I
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
HI-TRAC TRANSFER CASK('°2

(3) Sf Codes/Standards ScilSrae Contact Matd.
Primary Function Component Claf ty, (as applicable to Material Strength ( ksi) FinishCoating (f dsMila

_______________ ______________Ca____4 com ponent) _______ __C____ _____ifdissimil_____

Structural Integrity Pool Lid Bolt B ASME Section HI; SA193-B7 See Table 3.3.4 NA NA
Subsection NF

Structural Integrity Lifting Trunnion Block B ASME Section m; SA350-LF3 See Table 3.3.3 See Note 5 NA
Subsection NF
ANSI N14.6

Structural Integrity Lifting Trunnion A ANSI N14.6 SB637 See Table 3.3.4 NA NA
(N07718)

Structural Integrity Pocket Trunnion (HI- B ASME Section III; SA350-LF3 See Table 3.3.3 See Note 5 NA
TRAC 100 and HI-TRAC Subsection NF
125 only) ANSI N14.6 _

Structural Integrity Dowel Pins B ASME Section III; SA564-630 See Table 3.3.4 NA SA350-LF3
Subsection NF

Structural Integrity Water Jacket End Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF

Structural Integrity Pool Lid Bottom Plate B ASME Section m11; SA516-70 See Table 3.3.2 See Note S NA
Subsection NF

Structural Integrity Top Lid Lifting Block C ASME Section m; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF

Structural Integrity Bottom Flange Gussets B ASME Section ,I; SA516-70 See Table 3.3.2 NA NA
(111-TRAC 125D only) SubsectionNE _

Operations Top Lid Stud or bolt B ASME Section III; SA193-B7 See Table 3.3.4 NA NA
Subsection NF

Notes: I) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section III.

3) Component nomenclature taken from Bill of Materials in Chapter 1.
4) A, B, and C denote important to safety classifications as described in Chapter- 13 the Holtec QA Program. NITS stands for Not Important to

Safety.
5) All external surfaces to be painted with Carboline 890. Inside surface of transfer cask to be painted with Thermaline 450.

I
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(
TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
HI-TRAC TRANSFER CASK ('2)

(

3) Safe~ Codes/Standards Secial Surface Contact Matd.
Primary Function Component ,Class 4) (as applicable to Material Strength ( ksi) Finish/Coating Pif dissimilar

component)
Operations Top Lid Nut B ASME Section III; SA194-2H NA NA NA

Subsection NF _ _

Operations Pool Lid Gasket NITS Non-code Elastomer NA NA NA
Operations Lifting Trunnion End Cap C Non-code SA516-70 See Table 3.3.2 See Note 5 NA

(HI-TRAC 100 and HI-
TRAC 125 only)

Operations End Cap Bolts (HI-TRAC NITS Non-code SA193-B7 See Table 3.3.4 NA NA
100 and HI-TRAC 125
only)

Operations Drain Pipes NITS Non-code SA106 NA NA NA
Operations Drain Bolt NITS Non-code SA193-B7 See Table 3.3.4 NA NA
Operations Couplings, Valves and NITS Non-code Commercial NA NA NA

__ __ __ __ _ Vent Plug

Notes: 1) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section 11 and
the applicable Subsection of ASME Section m.

3) Component nomenclature taken from Bill of Materials in Chapter 1.
4) A, B, and C denote important to safety classifications as described in Ghaptef l3 the Holtec QA Program. NITS stands for Not Important to

Safety.
5) All external surfaces to be painted with Carboline 890. Inside surface of transfer cask to be painted with Thermaline 450.
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
HI-TRAC TRANSFER LID (HI-TRAC 100 and HI-TRAC 125 ONLY) (112)

Primary Function Component (3) Safss Codes/Standards Material Strength ( ksi) FiSsh/Coatlng if dissinMlart
component)

Shielding Side Lead Shield B Non-code Lead NA NA NA
Shielding Door Lead Shield B Non-code Lead NA NA _______

Shielding Door Shielding B Non-code Holtite NA NA NA
Structural Integrity Lid Top Plate B ASME Section m; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Lid Bottom Plate B ASME Section m; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Lid Intermediate Plate B ASME Section HI; SA516-70 See Table 3.3.2 See Note S NA

Subsection NF
Structural Integrity Lead Cover Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Lead Cover Side Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Door Top Plate B ASME Section III; SA5 16-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Door Middle Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Door Bottom Plate B ASME Section m; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Door Wheel Housing B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF (SA350-LF3) (Table 3.3.3)
Structural Integrity Door Interface Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF

Notes: I) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section III.

3) Component nomenclature taken from Bill of Materials in Chapter 1.
4) A, B, and C denote important to safety classifications as described in-Chapter443 the Holtec QA Program. NITS stands for Not Important to

Safety.
5) All external surfaces to be painted with Carboline 890. Top surface of doors to be painted with Thermaline 450.
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C (
TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
HI-TRAC TRANSFER LID (HI-TRAC 100 and HI-TRAC 125 ONLY) (t2)

C

Primary Function Component (3) Safe Codes/Standards Special Surface Contact Mad.Primary Function CompoClass.(4) (as applicable to Material Strength ( ksi) Fns/otn i ismlr
________________________com ponent), Finish/Coating_____ _if__dissimilar)__

Structural Integrity Door Side Plate B ASME Section HI; SAS16-70 See Table 3.3.2 See Note S NA
Subsection NF

Structural Integrity Wheel Shaft C ASME Section m; SA 193-B7 36 (yield) See Note 5 NA
Subsection NF

Structural Integrity Lid Housing Stiffener B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF

Structural Integrity Door Lock Bolt B ASME Section m; SA193-B7 See Table 3.3.4 NA NA
Subsection NB

Structural Integrity Door End Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note S NA
______ ___ _ _Subsection NF

Structural Integrity Lifting Lug and Pad B ASME Section m; SA516-70 See Table 3.3.2 See Note S NA
Subsection NF

Operations Wheel Track C ASME Section m; SA-36 36 (yield) See Note 5 NA
Subsection NF _ _ _

Operations Door Handle NITS Non-code C/S or S/S NA See Note 5 NA
Operations Door Wheels NITS Non-code Forged Steel NA NA NA
Operations Door Stop Block C Non-code SA516-70 See Table 3.3.2 See Note 5 NA
Operations Door Stop Block Bolt C Non-code SA193-B7 See Table 3.3.4 NA NA

Notes: I) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX, Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section m.

3) Component nomenclature taken from Bill of Materials in Chapter 1.
4) A, B, and C denote important to safety classifications as described in-4Capter-13 the Holiec QA Program. NITS stands for Not Important to

Safety.
5) All external surfaces to be painted with Carboline 890. Top surface of doors to be painted with Thermaline 450.
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Table 2.2.7

HI-STORM 100 ASME BOILER AND PRESSURE VESSEL CODE APPLICABILITY

I-STORM 100 Material Design Fabrication Ispection
Component Procurement

Section L,
Section n, Section Section I, Section In, Subsection NF,

Overpack steel m, Subsection Subsection NF, Subsection NF, NF-5350, NF-
-Stiuture NF, NF-2000 NF-3200 NF-4000 5360 and Section

V

Anchor Studs for Section U, Section Section L,
cHe Studs forA M, Subsection Subsection NF, NA NA

HI-STORM 100A NF, NF-2000* NF- 3300

I%{~CconfiementSection U1, Section Secton 111, Section ISusection NB,
bO oundinmey ISubsection Subsection NB, Subsection NB, Nubse5t00 aNd
boundary NNB, NB-2000 NB-3200 NB-4000 NSc500i o

Section UI, Section Section I, Section ll, Section 111,
a, Subsection Subsection NG, Subsection NG, Subsection NG,
NG, NG-2000; NG-3300 and NG4000; core NG-5000 and

MPC fuel basket core support NG-3200; core support struchtres Section V; core
structures (NG- support structures (NG-1121) support structures
1121) (NG-1121) (NG-1121)

Section IU Section Section I1,
HITRAC Lifting a, Subsection ANSI N14.6 Subsection NF, See Chapter 9

Trunnions NF, NF-2000 NF-4000

Section U, Section Section II, Section II, Section I,
WPC basket aII, Subsection Subsection NG, Subsection NG, Subsection NG,

supports (Angled NG, NG-2000; NG-3300 and NG-4000; NG-5000 and
Plates) {And internal structures NG-3200; internal structures Section V;
Plates) (NG-1122) internal structures (NG-1122) internal structures

(NG-1122) (NG -1122)

HI-TRAC st~ Section U, Secton Section IU Section 111 Subection R
1H-TRAC steel M, Subsection Subsection NF, Subsection NF, Ss360 nd

structure NF, NF-2000 NF-3300 NF4000 NF-5c and

Section U, Section Section IISection ~,Section III,
Damaged fuel MU Subsection Subsection NG, Subsection NG, Subsection NG,

container NG, NGl2W NG-3300 and NG-5000 and
NO, NG-2000 NG-3200 N 400Section V

ACI 349 asACI 349 and ACI ACI 349 as ACI 349 as
Overpack specified by 318-95 as specified by specified by
concrete Appendix 1D specified by Appendix lD Appendix 1D

Appendix ID

Except impact testing shall be detelmined based on service temperature and material type.
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Table 2.2.8

ADDITIONAL DESIGN INPUT DATA FOR NORMAL, OFF-NORMAL, AND
ACCIDENT CONDITIONS

Item Condition Value

Snow Pressure Loading (lbJfi?) Normal 100

Constriction of MPC Basket Vent Opening By Accident 0.85 (MPC-68)
Crud Settling (Depth of Crud, in.) 036 (MPC-24 and MPC-32)

Cask Environment During the Postulated Fire Accident 1475
Event (Deg. F)

HI-STORM Overpack Fire Duration (seconds) Accident 217

HI-TRAC Transfer Cask Fire Duration (minutes) Accident 4.8

Maximum submergence depth due to flood (ft) Accident 125

Flood water velocity (fils) Accident 15

GH + 0.53Gv 0.53tt
Interaction Relation for Horizontal & Vertical (HI-STORM 100 and IOOS)
acceteraddnZ A (Zero riod Aceleratio ns for Accident
HI-STORM GH=2 .l2 ; GV = 1.5

(HI-STORM 100A)

Net Overturning Moment at base of HI-STORM Acdent 18.7x106

HI-STORM 100 Overpack Vertical Lift Height 1 tt (HI-STORM 100 and IOOS),
Limit (in.) Accident OR

.________________________ _ . .By Users (H-STORM IOOA)
H[-TRAC Transfer Cask Horizontal Lift Height' Acdent
Lim it CMn.)__ _ _ _ _ _ _ _ _ _ _ _ _ _ _

tt See Subsection 3.4.7.1 for definition of GH and Gv. The coefficient offrictlon43 may be
increased above 0.53 based on testing described in Subsection 3.4.7.1

m For ISFSI and subgrade design parameter Sets A and B. Users may also develop a site-specific lift
height limit.
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Table 2.2.9

EXAMPLES OF ACCEPTABLE ISFSI PAD DESIGN PARAMETERS

PARAMETER PARAMET.ER PARAMETER
SET "A" t SET "B"

Concrete thickness, tp, (inches) <36 < 28

Concrete Compressive Strength <4,200 < 6,000 psi
(at 28 days), fc', (psi)

Reinforcing bar Reinforcing bar
Reinforcement Top and Bottom shall be 60 ksi shall be 60 ksi
(both directions) Yield Strength Yield Strength

ASTM Material ASTM Material

Subgrade Effective Modulus of
Elasticity" (measured prior to < 28,000 < 16,000
ISFSI pad installation), E, (psi)

NOTE: A static coefficient of fiction of> 0.53 between the ISFSI pad and
the bottom of the overpack shall be verified by test. The test
procedure shall follow the guidelines included in the Sliding
Analysis in Subsection 3.4.7.1.

t The characteristics of this pad are identical to the pad considered by Lawrence Livermore
Laboratory (see Appendix 3.A).

tt An acceptable method of defining the soil effective modulus of elasticity applicable to the drop
and tipover analysis is provided in Table 13 of NUREG/CR-6608 with soil classification in
accordance with ASTM-D2487 Standard Classification of Soils for Engineering Purposes (Unified
Soil Classification System USCS) and density determination in accordance with ASTM-Dl 586
Standard Test Method for Penetration Test and Split/Barrel Sampling of Soils.
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Table 2.2.10
MPC CONFINEMENT BOUNDARY STRESS INTENSITY LIMITS

FOR DIFFERENT LOADING CONDITIONS (ELASTIC ANALYSIS PER NB-3220)t

(

STRESS CATEGORY DESIGN AEVB LEVEL Dt'

Primary Membrane, Pm Sm N/Attt AMIN (2.4Sm, .7S%)

Local Membrane, PL 1.5Sm N/A 150% Of Pm Limit

Membrane plus Primary Bending 1.5Sm N/A 150% of Pm Limit

Primary Membrane plus Primary 1.5Sm N/A 150% of Pm Limit
B ending__ _ _ _ _ __ _ _ _ _

Membrane plus Primary Bending N/A 3Sm N/A
plus Secondary

Average Shear Stresstttt 0.6Sm 0.6Sm 0.42S,

I Stress combinations including F (peak stress) apply to fatigue evaluations only.
tt Governed by Appendix F, Paragraph F-I 331 of the ASME Code, Section In.
ttt No Specific stress limit applicable.
tttt Governed by NB-3227.2 or F-1 331.1(d).
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Table 2.2.11

MPC BASKET STRESS INTENSITY LIMITS
FOR DIFFERENT LOADING CONDITIONS (ELASTIC ANALYSIS PER NG-3220)

STRESS CATEGORY DESIGN LEVELS A & B LEVEL Dt
Primary Membrane, Pm Sm Sm AMIN (2.4Sm, .7S.)tt

Primary Membrane plus Primary 1 .5Sm 1.5Sm 150% of Pm Limit
Bending

Primary Membrane plus Primary N/Attt 3Sm N/A
Bending plus Secondary

t

tt

ttt

Governed by Appendix F, Paragraph F- 1331 of the ASME Code, Section III.
Governed by NB-3227.2 or F-1331.1(d).
No specific stress intensity limit applicable.
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Table 2.2.12
STRESS LIMITS FOR DIFFERENT

LOADING CONDITIONS FOR THE STEEL STRUCTURE OF THE OVERPACK AND HI-TRAC
(ELASTIC ANALYSIS PER NF-3260)

(

SERVICE CONDITION
STRESS CATEGORY DESIGN + LEVEL A LEVEL B LEVEL Dt

Primary Membrane, Pm S 1.33S AMAX (1.2Sy, 1.5Sm)
but < .7Su

Primary Membrane, Pm 1.5S 1.995S 150% of Pm
plus Primary Bending,

Pb .

Shear Stress 0.6S 0.6S <0.42S,
(Average) ;

Definitions:

S = Allowable Stress Value for Table IA, ASME Section It, Part D.
Sm = Allowable Stress Intensity Value from Table 2A, ASME Section I, Part D
Su= Ultimate Strength

Governed by Appendix F, Paragraph F-1332 of the ASME Code, Section m.

RE P O R T l4 M HI A2
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Table 2.2.13

NOTATION FOR DESIGN LOADINGS FOR NORMAL, OFF-NORMAL, AND
ACCIDENT CONDITIONS

NORMAL CONDITION

LOADING NOTATION
Dead Weight D

Handling Loads H

Design Pressure (Internal)t Pi

Design Pressure (External)t Po

Snow S

Operating Temperature T

OFF-NORMAL CONDITION

Loading Notation

Off-Normal Pressure (Internal)t P

Off-Normal Pressure (External)t P

Off-Normal Temperature T'

Off-Normal HI-TRAC Handling H'

t Internal Design Pressure Pi bounds the normal and off-normal condition internal pressures. External Design Pressure P. bounds off-normal external
pressures. Similarly, Accident pressures Pi and PO. respectively, bound actual internal and external pressures under all postulated environment
phenomena and accident events.
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Table 2.2.13 (continued)

NOTATION FOR DESIGN LOADINGS FOR NORMAL, OFF-NORMAL, AND
ACCIDENT CONDITIONS

(

ACCIDENT CONDITIONS

LOADING NOTATION

Handling Accident H'

Earthquake E

Fire T

Tornado Missile M

Tornado Wind W_

Flood F

Explosion E

Accident Pressure (Internal) ._pi__

Accident Pressure (External) 'PO
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Table 2.2.14
APPLICABLE LOAD CASES AND COMBINATIONS FOR EACH CONDITION AND COMPONENTt. tt

CONDITION LOADING CASE MPC OVERPACK HI-TRAC

Design (ASME Code P P N/A N/A
Pressure Compliance) 1 P

Normal (Level A) 1 D,T, H, Pi D,T,H D, Tttt, H, Pi (watejcket)
2 D,T,H,Po N/A N/A

I D, T', H, Pi D, T', H ~~~N/Attt (H' pocket
Off-Normal (Level B) 1rD,uT',H.P D,T',H N (ion)

2 D,r,H,PO N/A N/A

I D,T,Pi,H' D,T,H' D,T,H'

Accident (Level D) 2 D, T, Pi N/A N/A
3 D,T,Potttt DTPotttt DTpotttt

4 N/A D, T, (E, M, F, WS)ttttt D, T, (M, W.)tttt

I The loading notations are given in Table 2.2.13. Each symbol represents a loading type and may have different values for different components. The different
loads are assumed to be additive and applied simultaneously.

tt N/A stands for "Not Applicable."

ttt T (normal condition) for the HI-TRAC is I 00°F and Pi,,, jk&.) is 60 psig and, therefore, there is no off-normal temperature or load combination because Load
Case I, Normal (Level A), is identical to Load Case 1, Off-Normal (Level B). Only the off-normal handling load on the pocket trunnion is analyzed separately.

tttt P. bounds the external pressure due to explosion.

ttttt (E, M, F. W') means loads are considered separately in combination with D, T. E and F not applicable to HI-TRAC.
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Table 2.2.15

LIST OF ASME CODE EXCEPTIONS FOR HI-STORM 100 SYSTEM

(

Reference ASM\1E Code Exception, Justification &Component Secton/Article Code Requirement Compensatory Measures

MPC, MPC basket assembly, HI- Subsection NCA General Requirements. Because the MPC, overpack and transfer cask are not
STORM overpack steel structure, Requires preparation of a ASAE Code stamped vessels, none of the specfilcations,
and HI--TRAC transfer cask steel Design Specification, reports, certificates, or other general requirements
structure. Design Report, specifted by NCA are required. In lieu of a Design

Overpressure Protection Specifi cation andDeslgn Report, the H-STORMFSAR
Report, Certification of includes the design criteria, service conditions, and
Construction Report, Data load combinations for the design and operation of the
Report, and other HI-STORM 100 System as well as the results of the
administrative controlsfor stress analyses to demonstrate that applicable Code
an ASME Code stamped stress limits are met. Additionally, the fabricator is not
vessel. required to have an ASME-certified QA program. All

important-to-safetyactivities aregoverned by theNRC-
approved Holtec QA program,

Because the cask components are not certified to the
Code, the terms "Certificate Holder" and
"Inspector" are not germane to the manufacturing of
NRC-certified cask components. To eliminate
ambiguity, the responsibilities assigned to the
Certificate Holder in the various articles of
Subsections NB, NG, andNF of the Code, as
applicable, shall be interpreted to apply to the NRC
Certificate of Compliance (CoC) holder (and by
extension, to the componentfabricator) if the
requirement must befulfllled. The Code term
"Inspector" means the QA/QC personnel of the CoC
holder and its vendors assigned to oversee and
inspect the manufacturing process.

HI-STORM FSAR
REPORT HI-2002444

Proposed Rev. 2B
2.2-47



Table 2.2.15 (continued)

LIST OF ASME CODE EXCEPTIONS FOR HI-STORM 100 SYSTEM

Component Reference ASME Code CoeRqieetException, Justification &Component Section/Article Code Requirement Compensatory Measures

MPC NB-I 100 Statement of requirements MPC enclosure vessel is designed and will be
for Code stamping of fabricated in accordance with ASME Code, Section
components. III, Subsection NB to the maximum practical extent,

but Code stamping is not required.

MPC basket supports and lift NB-1130 NB-1132.2(d) requires that The MPC basket supports (nonpressure-retaining
lugs thefirst connecting weld of structural attachment)and lift lugs (nonstructural

a nonpressure-retaining attachments (relative to thefunction of lifing a
structural attachment to a loaded MPC) that are used exclusivelyfor lifting an
component shall be empty MPC) are welded to the inside of the pressure-
considered part of the retaining APC shell, but are not designed in
component unless the weld accordance with Subsection NB. The basket supports
is more than 2t from the and associated attachment welds are designed to
pressure-retaining portion satisf the stress limits of Subsection NG and the lift
of the component, where t lugs and associated attachment welds are designed to
is the nominal thickness of satisfy the stress limits of Subsection NF, as a
the pressure-retaining minimum. These attachments and their welds are
material, shown by analysis to meet the respective stress limits

for their service conditions. Likewise, non-structural
NB-1132.2(e) requires items, such as shieldplugs, spacers, etc. if used, can
that thefirst connecting be attached to pressure-retaining parts in the same
weld of a welded manner.
nonstructural attachment
to a component shall
conform to NB-4430 if the
connecting weld is within
2tfrom the pressure-
retaining portion of the
component.
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Table 2.2.15 (continued)

LIST OF ASME CODE EXCEPTIONS FOR HI-STORM 100 SYSTEM

(

Component Secfr on Article Code Requirement Exception, Justification &ReferenceASMice CdCoeRqimntCompensatory Measures

MPC NB-2000 Requires materials to be Materials will be supplied by Holtec approved
supplied by ASME- suppliers with Certified Material Test Reports
approved material (CMTRs) in accordance with NB-2000 requirements.

. supplier. __
MPC, MPC basket assembly, HI- NB-3100 Provides requirementsfor These requirements are not applicable. The HI-
STORMoverpack, and HI-TRAC NG-3100 determining design STORMFSAR, serving as the Design Specification,
transfer cask NF-3100 loading conditions, such establishes the service conditions and load

as pressure, temperature, combinationsfor the storage system.
and mechanical loads.

MPC NB-3350 NB-3352.3 requires, for Due to MPC basket-to-shell interface requirements, the
Category C joints, that the MPC shell-to-baseplate weldJoint design (designated
minimum dimensions of Category ) does not Include a reinforcingfillet weld or a
the welds and throat bevel in the MPC baseplate, which makes it different than
thickness shall be as any of the representative configurations depicted in Figure

shown in Figure NB-4243- B-4243-1. The transverse thickness of this weld is equalshown in Figure NB -4243- to the thickness of the adjoining shell (1/2 inch). The weld
1. is designed as afll penetration weld that receives VT and

RTor UT, as well as final surface PTexaminations.
Because the MPC shell design thickness is considerably
larger than the minimum thickness required by the Code, a
reinforcingfillet weld that would intrude into the MPC
cavity space is not included. Not including thisfillet weld
providesfor a higher quality radiographic examination of
thefull penetration weld.

From the standpoint of stress analysis, theffilet weld serves
to reduce the local bending stress (secondary stress)
produced by the gross structural discontinuity defined by the
flat plate/shell Junction. In the MPC design, the shell and
baseplate thicknesses are well beyond that required to meet
their respective membrane stress intensity limits.
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Table 2.2.15 (continued)

LIST OF ASME CODE EXCEPTIONS FOR HI-STORM 100 SYSTEM

Reference ASME Code . t Exception, Justification &
Component Section/Article Code Requirement Compensatory Measures

MPC, MPC basket assembly, HI- NB-4120 NB-4121.2, NG-4121.2, In-shop operations of short duration that apply heat
STORM overpack steel structure, NG-4120 and NF-4121.2 provide to a component, such as plasma cutting ofplate stock,
and HI-TRAC transfer cask steel NF-4120 requirements for welding, machining, coating, and pouring of lead are
structure repetition of tensile or not, unless explicitly stated by the Code, defined as

impact tests for material heat treatment operations.
subjected to heat
treatment during For the steel parts in the HI-STORM 100 System
fabrication or installation. components, the durationfor which apart exceeds the

off-normal temperature limit defined in Chapter 2 of
the FSAR shall be limited to 24 hours in a particular
manufacturing process (such as the HI-TRAC lead
pouringprocess).

MPC, HI-STORM overpack steel NB-4220 Requires certain forming The cylindricity measurements on the rolled shells are
structure, HI-TRAC transfer cask NF-4220 tolerances to be metfor not specifically recorded in the shop travelers, as
steel structure cylindrical, conical, or would be the case for a Code-stamped pressure

spherical shells of a vessel. Rather, the requirements on inter-component
vessel. clearances (such as the MPC-to-transfer cask) are

guaranteed through fixture-controlled manufacturing.
The fabrication specification and shop procedures

ensure that all dimensional design objectives,
including inter-component annular clearances are
satisfied. The dimensions required to be met in
fabrication are chosen to meet the functional
requirements of the dry storage components. Thus,
although the post-forming Code cylindricity
requirements are not evaluatedfor compliance
directly, they are indirectly satisfied (actually
exceeded) in the final manufactured components.
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Table 2.2.15 (continued)

LIST OF ASME CODE EXCEPTIONS FOR HI-STORM 100 SYSTEM

C

Component Reference ASME Code Code Requirement Exception, Justification &
Section/Article Compensatory Measures

MPC Lid and Closure Ring NB-4243 Full penetration welds MPC lid and closure ring are not full penetration
Welds required for Category C welds. They are welded independently to provide a

Joints (flat head to main redundant seal. Additionally, a weld efficiency factor
shell per NB-3352.3) of 0.45 has been applied to the analyses of these

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ w eld s.
MPC Closure Ring, Vent and NB-5230 Radiographic (RT) or Root (if more than one weld pass is required) and final
Drain Cover Plate Welds ultrasonic (UT) liquid penetrant examination to be performed in accordance

examination required. with NB-5245. The MPC vent and drain cover plate welds
are leak tested. The closure ring provides independent
redundant closure for vent and drain cover plates.

MPC Lid to Shell Weld NB-5230 Radiographic (RT) or Only UT or multi-layer liquid penetrant (PT) examination
ultrasonic (UT) is permitted. If PT examination alone is used, at a
examination required. minimum, it will include the root and final weld layers and

each approx. 3/8" of weld depth.

MPC Enclosure Vessel and Lid NB-6 111 All completed pressure The MPC vessel is seal welded in the field following fuel
retaining systems shall be assembly loading. The MPC vessel shall then be
pressure tested. hydrestanidellypressure tested as defined in Chapter-89.

Accessibility for leakage inspections preclude a Code
compliant hydPeswiepressure test. All MPC enclosure
vessel welds (except closure ring and vent/drain cover
plate) are inspected by volumetric examination, except the
MPC lid-to-shell weld shall be verified by volumetric or
multi-layer PT examination. If PT alone is used, at a
minimum, it must include the root and final layers and each
approximately 3/8 inch of weld depth. For either UT or PT,
the maximum undetectable flaw size must be demonstrated
to be less than the critical flaw size. The critical flaw size
must be determined in accordance with ASME Section XI
methods. The critical flaw size shall not cause the primary
stress limits ofNB-3000 to be exceeded.

The inspection-preeeresults, including relevant findings
.indicationq'. shal1 he made a nermanent nart of the user's
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Table 2.2.15 (continued)

LIST OF ASME CODE EXCEPTIONS FOR HI-STORM 100 SYSTEM

Component Reference ASME Code Code Requirement Exception, Justification &
Section/Article Compensatory Measures

records by video, photographic, or other means which
provide an equivalent retrievable record of weld integrity.
The video or photographic records should be taken during
the final interpretation period described in ASME Section
V, Article 6,T-676. The vent/drain cover plate wrd-o
eonfiffwd by leakgeo testing ind liquid pentwnat
emerinlatioi and the closure ring welds are-i confirmed by
liquid penetrant examination. The inspection of the weld
must be performed by qualified personnel and shall meet
the acceptance requirements of ASME Code Section III,
NB-5350 for PT or NB-5332 for UT.

MPC Enclosure Vessel NB-7000 Vessels are required to No overpressure protection is provided. Function of MPC
have overpressure enclosure vessel is to contain radioactive contents under
protection, normal, off-normal, and accident conditions of storage.

MPC vessel is designed to withstand maximum internal
pressure considering 100% fuel rod failure and maximum
accident temperatures.

MPC Enclosure Vessel NB-8000 States requirements for The HI-STORM 100 System is to be marked and identified
nameplates, stamping and in accordance with IOCFR71 and IOCFR72 requirements.
reports per NCA-8000. Code stamping is not required. QA data package to be in

accordance with Holtec approved QA program.

MPC Basket Assembly NG-2000 Requires materials to be Materials will be supplied by Holtec approved supplier
supplied by ASME with CMTRs in accordance with NG-2000 requirements.
approved Material
Supplier.

I
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Table 2.2.15 (continued)

. LIST OF ASME CODE EXCEPTIONS FOR HI-STORM 100 SYSTEM

C

Component Reference ASME Code Code Requirement Exception, Justification &Section/Article Compensatory Measures

MPC Basket Assembly NG-4420 NG-4427(a) requires a Modify the Code requirement (intended for core support
fillet weld in any single structures) with thefollowing text prepared to accord with the
continuous weld may be geometry and stress analysis Imperativesfor thefuel basket:
less that the specifledfillet For the longitudinal WPC basket fillet welds, the following
weld dimension by not criteria apply: 1) The specied fillet weld throat dimension
more than 1116 inch, lmust be maintained over at least 92 percent ofthe total weld
mroriedthan 1/16 inch, length. All regions of undersizzed weld must be less than 3

provided that the total inches long and separated from each other by at least 9
undersize portion of the inches. 2) Areas of undercuts and porosity beyond that
weld does not exceed IO allowed by the applicable ASME Code shall not exceed 1/2
percent of the length of the inch in weld length. The total length of undercutandporosity
weld. Individual undersize over any 1-foot length shall not exceed 2 inches. 3) The total
weld portions shall not weld length in which items (1) and (2) apply shall not exceed
exceed 2 inches in length. a total of l Opercent of the overall weld length. The limited

access of the MPC basket panel longitudinal fillet welds
makes It difficult to perform effective repairs of these welds
and creates the potential for causing additional damage to
the basket assembly (e.g., to the neutron absorber and its
sheathing) if repairs are attempted. The acceptance criteria
provided in theforegoing have been established to comport
with the objectives of the basket design and preserve the
margins demonstrated in the supporting stress analysis.

From the structural standpoint, the weld acceptance
criteria are established to ensure that any departurefrom
the ideal, continuousfillet weld seam would not alter the
primary bending stresses on which the design of thefuel
baskets is predicated. Stated differently, the permitted weld
discontinuities are limited in size to ensure that they remain
classlfiable as local stress elevators ("peak stress ", F, in
the ASME Codefor which specific stress intensity limits do
not apply).

T-VT Q'rd'%T)'WA L'' . T
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Table 2.2.15 (continued)

LIST OF ASME CODE EXCEPTIONS FOR HI-STORM 100 SYSTEM

Reference ASME Code Exception, Justification &
Section/Article Compensatory Measures

MPC Basket Assembly NG-8000 States requirements for The HI-STORM 100 System wil is to be marked and
nameplates, stamping and identified in accordance with 1OCFR71 and 1OCFR72
reports per NCA-8000. requirements. No Code stamping is required. The

MPC basket data package will is to be in conformance
with Holtec's QA program.

Overpack Steel Structure NF-2000 Requires materials to be Materials will be supplied by Holtec approved
supplied by ASME supplier with CMTRs in accordance with NF-2000
approved Material requirements.
Supplier.

HI-TRAC Steel Structure NF-2000 Requires materials to be Materials will be supplied by Holtec approved
supplied by ASME supplier with CMTRs in accordance with NF-2000
approved Material requirements.
Supplier.

Overpack Baseplate and Lid Top NF4441 Requires special The OfgF- margins of safety in these welds under
Plate examinations or loads experienced during lifting operations or

requirements for welds accident conditions are quite large ad waffaitt
where a primary member ebbptie . The overpack baseplate welds to the inner
thickness of 1" or greater shell, pedestal shell, and radial plates are only loaded
is loaded to transmit loads during lifting conditions and have large safetyfactors
in the through thickness during lifting. a minimum safty fator of greater than
direction. 12 dug lifting. Likewise, T the top lid plate to lid

shell weld has a large structural margin under the
inertia loads imposed during a non-mechanistic
tipover event. safety fAtor groter than 6 under 15g'a.
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Table 2.2.15 (continued)

LIST OF ASME CODE EXCEPTIONS FOR HI-STORM 100 SYSTEM

C

Compont SReference ASri Code Exception, Justificatlon &Component Serteon/ArSMcle Code Requirement Compensatory Measures

Overpack Steel Structure NF-3256 Provides requirements for Welds for which 4o structural credit is taken are identified
NF-3266 welded joints. as "Non-NF" welds ion the design drawings-by en "".

These non-structural welds are specified in accordance with
the pre-qualified welds of AWS Dl. 1. These welds shall be
made by welders and weld procedures qualified in
accordance with AWS Dl.I or ASME Section IX.

Welds for which structural credit is taken in the safety
analyses shall meet the stress limitsfor NF-3256.2. but are
not required to meet the joint configuration requirements
specified in these Code articles. The geometry of the joint
designs in the cask structures are based on thefabricability
and accessibility of the joint, not generally contemplated by
this Code section governing supports.

HI-STORMOverpack and HI- NF-3320 NF-3324.6 and NF-4720 These Code requirements are applicable to linear structures
TRA C Transfer Cask NF-4720 provide requirements forwherein bolted/oints carry axial shear as well as rotational

bolting (torsional) loads. The overpack and transfer cask bolted
connections in the structural load path are qualfied by
design based on the design loadings defined In the FSAR.
Bolted joints in these components see no shear or torsional
loads under normal storage conditions. Larger clearances
between bolts and holes may be necessary to ensure shear
interfaces located elsewhere in the structure engage prior to
the bolts experiencing shear loadings (which occur only
during side impact scenarios).

Boltedjoints that are subject to shear loads in accident
conditions are qualified by appropriate stress analysis.
Larger bolt-to-hole clearances help ensure more efficient
operations in making these bolted connections, thereby
minimizing time spent by operations personnel in a
radiation area. Additionally, larger bolt-to-hole
clearances allow interchangeability of the lidsfrom one
particularfabricated cask to another.

I
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Table 2.2.16

COMPARISON BETWEEN HI-STORM MPC LOADINGS WITH HI-STAR MPC LOADINGSt

Loading Condition Difference Between MPC Loadings Under
HI-STAR and HI-STORM Conditions

Dead Load Unchanged

Design Internal Pressure Unchanged
(normal, off-normal, &
accident)

Design External Pressure HI-STORM normal and off-normal external pressure is ambient which is less than the
(normal, off-normal, & HI-STAR 40 psig. The accident external pressure is unchanged.
accident)

Thermal Gradient (normal, off- Determined by analysis in Chapters 3 and 4
normal, & accident)

Handling Load (normal) Unchanged

Earthquake (accident) Inertial loading increased less than 0. Ig's (for free-standing overpack designs).

Handling Load (accident) HI-STORM vertical and horizontal deceleration loadings are less than those in HI-
STAR, but the HI-STORM cavity inner diameter is different and therefore the
horizontal loading on the MPC is analyzed in Chapter 3.

t HI-STAR MPC loadings are those specified in HI-STAR SARs under Docket Numbers 71-926 1 and 72-1008.
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2.3 SAFETY PROTECTION SYSTEMS

2.3.1 General

The H1-STORM 100 System is engineered to provide for the safe long-term storage of spent
nuclear fuel (SNF). The I-STORM 100 will withstand all normal, off-normal, and postulated
accident conditions without any uncontrolled release of radioactive material or excessive
radiation exposure to workers or members of the public. Special considerations in the design
have been made to ensure long-term integrity and confinement of the stored SNF throughout all
cask operating conditions. The design considerations which have been incorporated into the HI-
STORM 100 System to ensure safe long-term fuel storage are:

1. The MPC confinement barrier is an enclosure vessel designed in accordance
with the ASME Code, Subsection NB with confinement welds inspected by
radiography MT) or ultrasonic testing (UT). Where RT or UT is not possible, a
redundant closure system is provided with field welds which are hydrostatically
pressure tested, hlicum leakage tested and/or inspected by the liquid penetrant
method (see Section 9.1).

2. The MPC confinement barrier is surrounded by the HI-STORM overpack which
provides for the physical protection of the MPC.

3. The HI-STORM 100 System is designed to meet the requirements of storage
while maintaining the safety of the SNF.

4. The SNF once initially loaded in the MPC does not require opening of the
canister for repackaging to transport the SNF.

5. The decay heat emitted by the SNF is rejected from the MI-STORM 100 System
through passive means. No active cooling systems are employed.

It is recognized that a rugged design with large safety margins is essential, but that is not
sufficient to ensure acceptable performance over the service life of any system. A carefully
planned oversight and surveillance plan which does not diminish system integrity but provides
reliable information on the effect of passage of time on the performance of the system is
essential Such a surveillance and performance assay program will be developed to be
compatible with the specific conditions of the licensee's facility where the HI-STORM 100
System is installed. The general requirements for the acceptance testing and maintenance
programs are provided in Chapter 9. Surveillance requirements are specified in the Technical
Specifications in Appendix A to the CoC.

The structures, systems, and components ofthe EH-STORM 100 System designated as important
to safety are identified in Table 2.2.6. Similar categorization of structures, systems, and
components, which are part of the ISFSI, but not part of the HI-STORM 100 System, will be the
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responsibilityofthe IOCFR72 licensee. ForHI-STORM IOOA, theISFSIpad isdesignatedITS,
Category C as discussed in Subsection 2.0.4.1.

2.3.2 Protection by Multiple Confinement Barriers and Systems

2.3.2.1 Confinement Barriers and Systems

The radioactivity which the HI-STORM 100 System must confine originates from the spent fuel
assemblies and, to a lesser extent, the contaminated water in the fuel pool. This radioactivity is
confined by multiple confinement barriers.

Radioactivity from the fuel pool water is minimized by preventing contact, removing the
contaminated water, and decontamination.

An inflatable seal in the annular gap between the MPC and HI-TRAC, and the elastomer seal in
the HI-TRAC pool lid prevent the fuel pool water from contacting the exterior of the MPC and
interior ofthe H-TRAC while submerged for fuel loading. The fuel pool water is drained from
the interior of the MPC and the MPC internals are dried. The exterior of the HI-TRAC has a
painted surface which is decontaminated to acceptable levels. Any residual radioactivity
deposited by the fuel pool water is confined by the SAC confinement boundary along with the
spent nuclear fueL

The HI-STORM 100 System is designed with several confinement barriers for the radioactive
fuel contents. Intact fuel assemblies have cladding which provides the first boundary preventing
release of the fission products. Fuel assemblies classified as damaged fuel or fuel debris are
placed in a damaged fuel container which restricts the release of fuel debris. The MPC is a seal
welded enclosure which provides the confinement boundary. The MPC confinement boundary is
defined by the MPC baseplate, shell, lid, closure ring, and port cover plates.

The MPC confinement boundary has been designed to withstand any postulated off-normal
operations, internal change, or external natural phenomena. The MPC is designed to endure
normal, off-normal, and accident conditions of storage with the maximum decay heat loads
without loss of confinement. Designed in accordance with the ASME Code, Section III,
Subsection NB, with certain NRC-approved alternatives, the MPC confinement boundary
provides assurance that there will be no release of radioactive materials from the cask under all
postulated loading conditions. Redundant closure of the MPC is provided by the MPC closure
ring welds which provide a second barrier to the release of radioactive material from the MPC
internal cavity. Therefore, no monitoring system for the confinement boundary is required.

Confinement is discussed further in Chapter 7. MPC field weld examinations, hydrestatie.and
pressure testing, and helium leak testing are performed to verify the confinement function
Fabrication inspections and tests are also performed, as discussed in Chapter 9, to verify the
confinement boundary.
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23..2 Cask Cooling

To facilitate the passive heat removal capability of the HI-STORM 100, several thermal design
criteria are established for normal and off-normal conditions. They are as follows:

* The heat rejection capacity of the HI-STORM 100 System is deliberately
understated by conservatively determining the design basis fuel that maximizes
thermal resistance (see Section 2.1.6). The decay heat value in Table 2.1.6 is
developed by computing the decay heat from the design basis fuel assembly
which produces the highest heat generation rate for a gven burnup. Additional
margin is built into the calculated cask cooling rate by using athe design basis
fuel assembly thatwhieh offers maximum resistance to WPC internal helium
circuliotetasisoofht (mhimmum thermal eonductivity).

* The WPC fuel basket is formed by a honeycomb structure of stainless steel
plates with full-length edge-welded intersections, which allows the unimpaired
conduction of heat.

* The MPC confinement boundary ensures that the helium atmosphere inside the
MPC is maintained during normal, off-normal, and accident conditions of
storage and transfer. The MPC confinement boundary maintains the helium
confinement atmosphere below the design temperatures and pressures stated in
Table 2.2.3 and Table 2.2.1, respectively.

* The MPC thermal design maintains the fuel rod cladding temperatures below the
values stated in Chapter 4 such that fuel cladding is not degraded during the long
term storage period.

• The HI-STORM is optimally designed with cooling vents and an MPC to
overpack annulus which maximize air flow, while providing superior radiation
shielding. The vents and annulus allow cooling air to circulate past the MPC
removing the decay heat.

2.3.3 Protection by Equipment and Instrumentation Selection

2.3.3.1 Equipment

Design criteria for the HI-STORM 100 System are described in Section 2.2. The HI-STORM
100 System may include use of ancillary or support equipment for ISFSI implementation.
Ancillary equipment and structures utilized outside of the reactor facility's lOCFR Part 50
structures may be broken down into two broad categories, namely Important to Safety (ITS)
ancillary equipment and Not Important to Safety (NITS) ancillary equipment NUREG/CR-
6407, "Classification of Transportation Packaging and Dry Spent Fuel Storage System
Components According to Importance to Safety", provides guidance for the determination of a
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component's safety classification. Certain ancillary equipment (such as trailers, rail cars, skdds,
portable cranes, transporters, or air pads) are not required to be designated as iTS for most ISFSI

implementations, if the HI-STORM 100 is designed to withstand the failure of these
components.

The listing and ITS designation of ancillary equipment in Table 8.1.6 follows NUREGICR-
6407. ITS ancillary equipment utilized in activities that occur outside the lOCFR Part 50
structure shall be engineered to meet all functional, strength, service life, and operational safety
requirements to ensure that the design and operation of the ancillary equipment is consistent
with the intent of this Safety Analysis Report The design for these components shall consider
the following information, as applicable:

1. Functions and boundaries of the ancillary equipment
2. The environmental conditions ofthe ISFSI site, including tornado-borne missile,

tornado wind, seismic, fire, lightning, explosion, ambient humidity limits, flood,
tsunami and any other environmental hazards unique to the site.

3. Material requirements including impact testing requirements
4. Applicable codes and standards
5. Acceptance testing requirements
6. Quality assurance requirements
7. Foundation type and permissible loading
8. Applicable loads and load combinations
9. Pre-service examination requirements
10. ln-use inspection and maintenance requirements
11. Number and magnitude of repetitive loading significant to fatigue
12. Insulation and enclosure requirements (on electrical motors and machinery)
13. Applicable Reg. Guides and NUREGs.
14. Welding requirements
15. Painting, marking, and identification requirements
16. Design Report documentation requirements
17. Operational and Maintenance (O&M) Manual information requirements

All design documentation shall be subject to a review, evaluation, and safety assessment process
in accordance with the provisions of the QA program described in Chapter 13.

Users may effectuate the inter-cask transfer ofthe MC between the HI-TRAC transfer cask and
either the HI-STORM 100 or the HI-STAR 100 overpack in a location of their choice,
depending upon site-specific needs and capabilities. For those users choosing to perform the
MPC inter-cask transfer using devices not integral to structures governed by
the regulations of 10 CFR Part 50 (e.g., fuel handling or reactor building), a Cask Transfer
Facility (CT) is required. The CTF is a stand-alone facility located on-site, near the ISFSI that
incorporates or is compatible with lifting devices designed to lift a loaded or unloaded HI-
TRAC transfer cask, place it atop the overpack, and transfer the loaded MPC to or from the
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overpack. The detailed design cnteria which must be followed for the design and operation of
the CTF are set down in Paragraphs A through R below.

The inter-cask transfer operations consist ofthe following potential scenarios ofMPC transfer

* Transfer between a HI-TRAC transfer cask and a HI-STORM overpack
* Transfer between a HI-TRAC transfer cask and a HI-STAR 100 overpack

In both scenarios, the standard design HI-TRAC is mounted on top ofthe overpack (HI-STAR
100, HI-STORM 100, HI-STORM 100S) and the MPC transfer is carried out by opening the
transfer lid doors located at the bottom of the HI-TRAC transfer cask and by moving the MPC
vertically to the cylindrical cavity of the recipient cask. For the HI-TRAC 125D design, the
MPC transfer is carried out in a similar fashion, except that there is no transfer lid involved - the
pool lid is removed while the transfer cask is mounted atop the HI-STORM overpack with the
HI-STORM mating device located between the two casks (see Figure 1.2.18). However, the
devices utilized to lift the HI-TRAC cask to place it on the overpack and to vertically transfer
the MPC may be of stationary or mobile type.

The specific requirements for the CTF employing stationary and mobile lifting devices are
somewhat different. The requirements provided in the following specification for the CTF apply
to both types of lifting devices, unless explicitly differentiated in the text.

A. General Specifications:

i. The cask handling functions which may be required ofthe Cask Transfer
Facility include:

a. Upending and downending of a HI-STAR 100 overpack on a
flatbed rail car or other transporter (see Figure 2.3.1 for an
example).

b. Upending and downending of a HI-TRAC transfer cask on a
heavy-haul transfer trailer or other transporter (see Figure 2.3.2
for an example)

c. Raising and placement of a HI-TRAC transfer cask on top of a
HI-STORM 100 overpack for MPC transfer operations (see
Figure 2.3.3 for an example of the cask arrangement with the
standard design HI-TRAC transfer cask. The HI-TRAC 125D
design would include the mating device and no transfer lid).

d. Raising and placement of a HI-TRAC transfer cask on top of a
HI-STAR 100 overpack for MPC transfer operations (see Figure
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23.4 for an example of the cask arrangement with the standard
design H[-TRAC transfer cask. The HI-TRAC 125D design
would include the mating device and no transfer lid).

e. MPC transfer between the HI-TRAC transfer cask and the HI-
STORM overpack.

f. MPC transfer between the EH-TRAC transfer cask and the HI-
STAR 100 overpack.

ii. Other Functional Requirements:

The CTF should possess facilities and capabilities to support cask
operations such as:

a. Devices and areas to support installation and removal of the HI-
STORM overpack lid.

b. Devices and areas to support installation and removal ofthe HI-
STORM 100 overpack vent shield block inserts.

c. Devices and areas to support installation and removal of the HI-
STAR 100 closure plate.

d. Devices and areas to support installation and removal of the HI-
STAR 100 transfer collar.

e. Features to support positioning and alignment ofthe HIl-STORM
overpack and the HIl-TRAC transfer cask.

f. Features to support positioning and alignment of the HI-STAR
100 overpack and the HI-TRAC transfer cask.

g. Areas to support jacking of a loaded HI-STORM overpack for
insertion of a translocation device underneath.

h. Devices and areas to support placement of an empty MPC in the
HI-TRAC transfer cask or HI-STAR 100 overpack

i. Devices and areas to support receipt inspection ofthe MPC, HI-
TRAC transfer cask, HI-STORM overpack, and HI-STAR
overpack.
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j. Devices and areas to support installation and removal of the HI-
STORM mating device (HI-TRAC 125D only).

iii. Definitions:

The components of the CTF covered by this specification consist of all
structural members, lifting devices, and foundations which bear all or a
significant portion of the dead load of the transfer cask or the multi-
purpose canister during MPC transfer operations. The definitions of key
terms not defined elsewhere in this FSAR and used in this specification
are provided below. The following terms are used to define key
components of the CTF.

* Connector Brackets: The mechanical part used in the load path
which connects to the cask trunnions. A fabricated weldment,
slings, and turnbuckles are typical examples of connector
brackets.

* CTF structure: The CTF structure is the stationary, anchored
portion of the CTF which provides the required structural
function to support WPC transfer operations, including lateral
stabilization of the Hi-TRAC transfer cask and, if required, the
overpack, to protect against seismic events. The MPC lifter, if
used in the CTF design, is integrated into the CTF structure (see
Lifter Mount).

* HI-TRAC lifter(s): The FH-TRAC lifter is the mechanical lifting
device, typically consisting ofjacks or hoists, that is utilized to
lift a loaded or unloaded HI-TRAC to the required elevation in
the CTF so that it can be mounted on the overpack.t

* Lifter Mount: A beam-like structure (part of the CTF structure)
that supports the HI-TRAC and MPC lifter(s).

* Lift Platform: The lift platform is the intermediate structure that
transfers the vertical load of the HI-TRAC transfer cask to the
HI-TRAC lifters.

t The term overpack is used in this specification as a generic term for the HI-STAR 100 and the
various HI-STORM overpacks.
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* Mobile crane: A mobile crane is a device defined in ASME
B30.5-1994, Mobile and Locomotive Cranes. A mobile crane
may be used in lieu of the HI-TRAC lifter and/or an MPC lifter
provided all requirements set forth in this subsection are
satisfied.

* MPC lifter. The MPC lifter is a mechanical lifting device,
typically consisting ofjacks or hoists, that is utilized to vertically
transfer the MPC between the HI-TRAC transfer cask and the
overpack.

* Pier. The portion of the reinforced concrete foundation which
projects above the concrete floor of the CTF.

* Single-Failure-Proof (SFP): A single-failure-proof handling
device is one wherein all directly loaded tension and
compression members are engineered to satisfy the enhanced
safety criteria given in of NUREG-0612.

* Translocation Device: A low vertical profile device used to
laterally position an overpack such that the bottom surface ofthe
overpack is fully supported by the top surface of the device.
Typical translocation devices are air pads and Hillman rollers.

iv. Important to Safety Designation:

All components and structures which comprise the CTF shall be given
an ]TS category designation in accordance with a written procedure
which is consistent with NUREG/CR-6407 and Chapter 13 of this
FSARthe Holtec quality assurance program.

B. Environmental and Design Conditions

i. Lowest Service Temperature (LST): The LST for the CTF is 07F
(consistent with the specification for the HI-TRAC transfer cask in
Subsection 3.1.2.3).

ii. Snow and Ice Load, S: The CTF structure shall be designed to withstand
the dead weight of snow and ice for unheated structures as set forth in
ASCE 7-88 [2.2.2] for the specific ISFSI site.
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Wi. Tornado Missile, M, and Tornado WindW': The tornado wind and
tornado-generated missile data applicable to the HI-STORM 100 System
(Tables 2.2.4 and 2.2.5) will be used in the design of the CTF structure
unless existing site design basis data or a probabilistic risk assessment
(PRA) for the CIF site with due consideration of short operation
durations indicates that a less severe tornado missile impact or wind
loading on the CTF structure can be postulated. The PRA analysis can be
performed in the manner ofthe EPRI Report NP-2005, "Tornado Missile
Simulation and Design Methodology Computer Code Manual". USNRC
Reg. Guide 1.117 and Section 2.2.3 of NUREG-800 may be used for
guidance in establishing the appropriate tornado missile and wind
loading for the CTF structure.

The followingadditional clarifications apply to the large tornado missile
(4,000 lb. automobile) in Tables -2.2.4 and 2.2.5 in the CTF structure
analysis:

* The missile has a planform area of 20 sq. ft. and impact
force characteristics consistent with the HI-TRACmissile
impact analysis.-et forth in Appendix 3.AN (Section
3.AK. 3)

The large missile can strike the CTF structure in any
orientation up to an elevation of 15 feet.

If the site tornado missile data developed by the ISFSI owner suggests
that tornado missiles of greater kinetic energies than that postulated in
this FSAR (Table 2.2.4 and 2.2.5) should be postulated for CIF during
its use, then the integrity analysis of the CTF structure shall be carried
out under the site-specific tornado missiles. This situation would also
require the HI-TRAC transfer cask and the overpack to be re-evaluated
under the provisions of IOCFR72.212 and 72.48.

The wind speed specified in this FSAR (Tables 2.2.4 and 2.2.5),
likewise,- shall be evaluated for their applicability to the site. Lower or
higher site-specific wind velocity, compared to the design basis values
cited in this FSAR shall be used if justified by appropriate analysis,
which may include PRA.

Intermediate penetrant missile and small missiles postulated in this
FSAR are not considered to be a credible threat to the functional
integrity of the CTF structure and, therefore, need not be considered.
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iv. Flood: The CTF will be assumed to be flooded to the highest elevation
for the CTF facility determined from the local meteorological data. The
flood velocity shall be taken as the largest value defined for the ISFSI
site.

v. Lightning: Meteorological data for the region surrounding the ISFSI site
shall be used to specify the applicable lightning input to the CTF
structure for personnel safety evaluation purposes.

vi. Water Waves (Tsunami, Y): Certain coastal CTF sites maybe subject to
sudden, short duration waves of water, denoted in the literature by
various terms, such as tsunami. If the applicable meteorological data for
the CTF site indicates the potential of such water-borne loadings on the
CTF structure, then such a loading, with due consideration of the short
duration of CTF operations, shall be defined for the CTF structure.

vii. Design Basis Earthquake (DBE), E: The DBE event applicable to the
CTF facility pursuant to lOCFR100, Appendix A, shall be specified. The
DBE should be specified as a set of response spectra or acceleration
time-histories for use in the CTF structural and impact consequence
analyses.

viii. Design Temperature: All material properties used in the stress analysis of
the CTF structure shall utilize a reference design temperature of 1 500 F.

C. Heavy Load Handling:

i. Apparent dead load, Do: The dead load of all components being lifted
shall be increased in the manner set forth in Subsection 3.4.3 to define
the Apparent Dead Load, D*.

ii. NUREG-0612 Conformance:

The Connector Bracket, HI-TRAC lifter, and MPC lifter shall comply
with the guidance provided in NUREG-0612 (1980) for single failure
proof devices. Where the geometry of the lifting device is different from
the configurations contemplated by NUREG-0612, the following
exceptions apply.

a. Mobile cranes at the CTF shall conform to the guidelines of
Section 5.1.1 of NUREG-0612 with the exception that mobile
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cranes shall meet the requirements of ANSI B30.5, -Mobile and
Locomotive Cranes", in lieu ofthe requirements of ANSI B30.2,
"Overhead and Gantry Cranes". The mobile crane used shall
have a minimum safety factor of two over the allowable load
table for the crane in accordance with Section 5.1.6(lXa) of
NUREG-0612, and shall be capable of stopping and holding the
load during a DBE event

b. Section 5.1.6(2) of NUJREG-0612 specifies that new cranes
should be designed to meet the requirements of NUREG-0554.
For mobile cranes, the guidance of Section 5.1.6(2) ofNUREG-
0612 does not apply.

-iii. Defense-in-Depth Measures:

a. The lift platform and the lifter mount shall be designed to ensure
that the stresses produced under the apparent dead load, D*, are
less than the Level A (normal condition) stress limits for ASME
Section a, Subsection NF, Class 3, linear structures.

b. The CTF structure shall be designed to ensure that the stresses
produced in it under the apparent dead load, D*, are less than the
Level A (normal condition) stress limits for ASME Section m,
Subsection NP, Class 3,-linear structures.

c. Maximum deflection of the lift platform and the lifter mount
under the apparent dead load shall comply with the limits set
forth in CMAA-70.

d. When the HI-TRAC transfer cask is stacked on the overpack, HI-
TRAC shall be either held by the lifting device or laterally
restrained by the CTF structure. Furthermore, when the HM-
TRAC transfer cask is placed atop the overpack, the overpack
shall be laterally restrained from uncontrolled movement, if
required by the analysis specified in Subsection 2.3.3.I.N.

e. The design ofthe lifting system shall ensure that the lift platform
(or lift frame) is held horizontal at all times and that the
symmetrically situated axial members are symmetrically loaded.
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£ In order to minimize occupational radiation exposure to ISFSI
personnel, design of the MPC lifting attachment (viz., sling)
should not require any human activity inside the HI-TRAC
cylindrical space.

g. The HI-TRAC lifter and MPC lifter shall possess design features
to avoid side-sway of the payload during lifting operations.

h. The lifter (HI-TRAC and MPC) design shall ensure that any
electrical malfimction in the motor or the power supply will not
lead to an uncontrolled lowering of the load.

i. The kinematic stability of HI-TRAC or HI-STORM standing
upright in an unrestrained configuration (if such a condition
exists during the use of the CTF) shall be analytically evaluated
and ensured under all postulated extreme environmental
phenomena loadings for the CTF facility.

iv. Shielding Surety:

The design ofthe HI-TRAC and MPC lifters shall preclude the potential
for the MPC to be removed, completely or partially, from the cylindrical
space formed by the HI-TRAC and the underlying overpack.

v. Specific Requirements for Mobile Cranes:

A mobile crane, if used in the CTF in the role of the HI-TRAC lifter or
MPC lifter is governed in part byANSI/ASME N45.2.15 with technical
requirements specified in ANSI B30.5 (1994).

When lifting the MPC from an overpack to the HI-TRAC transfer cask,
limit switches or load limiters shall be set to ensure that the mobile crane
is prevented from lifting loads in excess of 110% of the loaded MPC
weight.

An analysis of the consequences of a potential MPC vertical drop which
conforms to the guidelines of Appendix A to NUREG-0612 shall be
performed. The analysis shall demonstrate that a postulated drop would
not result in the MPC experiencing a deceleration in excess of its design
basis deceleration specified in this FSAR.
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vi. Lift Height Limitation: The HI-TRAC lift heights shall be governed by
the Technical Specifications.

vii. Control of Side Sway: Procedures shall provide provisions to ensure that
the load is lifted essentially vertically with positive control of the load.
Key cask lifting and transfer procedures, as determined by the user,
should be reviewed by the Certificate Holder before their use.

D. Loads and Load Combinations for the CTF Structure

The applicable loadings for the CTF have been summarized in paragraph B in
the preceding. A stress analysis of the CTF structure shall be performed to
demonstrate compliance with the Subsection NF stress limits for Class 3 linear
structures for the service condition germane to each load combination. Table
2.3.2 provides the load combinations (the symbols in Table 2.3.2 are defined in
the preceding text and in Table 2.2.13).

E. Materials and Failure Modes

i. Acceptable Materials and Material Properties: All materials used in the
design of the CTF shall be ASTM approved or equal, consistent with the
lTS category ofthe part. Reinforced concrete, if used, shall comply with
the provisions of ACI 318 (89). The material property and allowable
stress values for all steel structurals shall be taken from the ASME and
B&PV Code, Section I, wherever such data is available; otherwise, the
data provided in the ASTM standards shall be used.

ii. Brittle Fracture: All structural components in the CTF structure and the
lift platform designated as primary load bearing shall have an ND¶T
equal to 0F or lower (consistent with the ductile fracture requirements
for ASME Section III, Subsection NF, Class 3 structures).

iii. Fatigue: Fatigue failure modes ofprimary structural members in the CTF
structure whose failure may result in uncontrolled lowering of the HI-
TRAC transfer cask or the MPC (critical members) shall be evaluated. A
minimum factor of safety of 2 on the number of permissible loading
cycles on the critical members shall apply.

HI-STORM FSAR Proposed Rev. 2B
REPORT HI-2002444 2.3-13



iv. Buckling: For all critical members in the CTF structure (defined above),
potential failure modes through buckling under axial compression shall
be considered. The margin of safety against buckling shall comply with
the provisions of ASME Section Iml, Subsection NF, for Class 3 linear
structures.

F. CTF Pad

A reinforced concrete pad in conformance with the specification for the ISFSI
pad set forth in this FSAR (see Table 2.2.9) may be used in the region of the
CTF where the overpack and HI-TRAC are stacked for MPC transfer.
Alternatively, the pad may be designed using the guidelines of ACI-318(89).

G. Miscellaneous Components

Hoist rings, turnbuckles, slings, and other appurtenances which are in the load
path during heavy load handling at the CTF shall be single-failure-proof.

H. Structural Welds

All primary structural welds in the CTF structure shall comply with the
specifications of ASME Section m for Class 3 NF linear structures.

I. Foundation

The design of the CTF structure foundation and piers, including load
combinations, shall be in accordance with ACI-318(89).

J. Rail Access

The rail lines that enter the Cask Transfer Facility shall be set at grade level
with no exposed rail ties or hardware other than the rail itself.

K. Vertical Cask Crawler/Translocation Device Access (If Required)

i. The cask handling bay in the CTF shall allow access of a vertical cask
crawler or translocation device carrying a transfer cask or overpack The
building floor shall be equipped with a smooth transition to the cask
travel route such that the vertical cask crawler tracks do not have to
negotiate sharp lips or slope transitions and the translocation devices
have a smooth transition. Grading of exterior aprons shall be no more
than necessary to allow water drainage.
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ii. If roll-up doors are used, the roll up doors shall have no raised threshold
that could damage the vertical cask crawler tracks (if a crawler is used).

iii. Exterior aprons shall be of a material that will not be damaged by the
vertical cask crawler tracks, if a crawler is used.

L. Facility Floor

i. The facility floor shall be sufficiently flat to allow optimum handling of
casks with a translocation device.

ii. Any floor penetrations, in areas where translocation device operations
may occur, shall be equipped with flush inserts.

iii. The rails, in areas where translocation device operations may occur shall
be below the finish level ofthe floor. Flush inserts, ifnecessary, shall be
sized for installation by hand.

M. Cask Connector Brackets

L. Primary lifting attachments between the cask and the lifting platform are
the cask connector brackets. The cask connector brackets may be
lengthened or shortened to allow for differences in the vehicle deck
height of the cask delivery vehicle and the various lifing operations.
The connector brackets shall be designed to perform cask lifting,
upending and downending functions. The brackets shall be designed in
accordance with ANSI N14.6 [Reference 2.23] and load tested at 300%/o
of the load applied to them during normal handling.

ii. The connector brackets shall be equipped with a positive engagement to
ensure that the cask lifting attachments do not become inadvertently
disconnected during a seismic event and during normal cask handling
operations.

iii. The design of the connector brackets shall ensure that the HI-TRAC
transfer cask is fully secured against slippage during MPC transfer
operations.

HI-STORM FSAR Proposed Rev. 2B
REPORT HI-2002444 2.3-15



N. Cask Restraint System

A time-history analysis of the stacked overpack/HI-TRAC transfer cask
assemblage under the postulated ISFSI Level D events in Table 2.3.2 shall be
performed to demonstrate that a minimum margin of safety of 1.1 against
overturning or kinematic instability exists and that the CTF structure complies
with the applicable stress limits (Table 2.3.2) and that the maximum permissible
deceleration loading specified in the FSAR is not exceeded. If required to meet
the minimum margin of safety of 1.1, a cask restraining system shall be
incorporated into the design of the Cask Transfer Facility to provide lateral
restraint to the overpack (HC-STORM or HI-STAR 100).

0. Design Life

The Cask Transfer Facility shall be constructed to have a minimum design life of
40 years.

P. Testing Requirements

In addition to testing recommended in NUREG-0612 (1980), a structural
adequacy test of the CTF structure at 125% of its operating load prior to its first
use in a cask loading campaign shall be performed. This test should be
perfonned in accordance with the guidance provided in the CMAA Specification
70 [2.2.16].

Q. Quality Assurance Requirements

All components of the CTF shall be manufactured in full compliance with the
quality assurance requirements applicable to the lTS category of the component
as set forth in the Holtec QA program. Chapter- 13 of this FSAR.

R. Documentation Requirements

i. O&M Manual: An Operations and Maintenance Manual shall be
prepared which contains, at minimum, the following items of
information:

* Maintenance Drawings
* Operating Procedures

ii. Design Report: A QA-validated design report documenting full
compliance with the provisions of this specification shall be prepared
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and archived for future reference in accordance with the provisions of
Chapter m 13 the Holtec QA progam.

2.3.3.2 Instrumentation

As a consequence of the passive nature of the H-STORM 100 System, instrumentation which is
important to safety is not necessary. No instrumentation is required or provided for MI-STORM
100 storage operations, other than normal security service instruments and TLDs.

However, in lieu of performing the periodic inspection of the HI-STORM overpack vent
screens, temperature elements may be installed in two of the overpack exit vents to
continuously monitor the air temperature. If the temperature elements and associated
temperature monitoring instrumentation are used, they shall be designated important to safety as
specified in Table 2.2.6.

The temperature elements and associated temperature monitoring instrumentation provided to
monitor the air outlet temperature shall be suitable for a temperature range of -400F to 5000F. At
a minimum, the temperature elements and associated temperature monitoring instrumentation
shall be calibrated for the temperatures of 320F (ice point), 2127F (boiling point), and 449GF
(melting point of tin) with an accuracy of +/- 4*F.

2.3.4 Nuclear Criticality Safety

The criticality safety criteria stipulates that the effective neutron multiplication factor, kff,
including statistical uncertainties and biases, is less than 0.95 for all postulated arrangements of
fuel within the cask under all credible conditions.

2.3.4.1 Control Methods for Prevention of Criticalit-

The control methods and design features used to prevent criticality for all MPC configurations
are the following:

a. Incorporation of permanent neutron absorbing material (Beallm) in the WPC
fuel basket walls.

b. Favorable geometry provided by the MPC fuel basket

Additional control methods used to prevent criticality for the MPC-24, MPC-24E, and MPC-
24EF (all with higher enriched fuel), and the MPC-32 and MIPC-32F are the following:

a. Loading of PWR fuel assemblies must be performed in water with a minimum
boron content as specified in Table 2.1.14 or 2.1.16, as applicable.
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- - -

b. Prevention of fresh water entering the MPC internals.

Administrative controls specified as Technical Specifications and Approved Contents ame
provided in Appendices A and B to the CoC, respectively, and shall be used to ensure that fuel I
placed in the HI-STORM 100 System meets the requirements described in Chapters 2 and 6. All
appropriate criticality analyses are presented in Chapter 6.

2.3.4.2 Error Continvency Criteria

Provision for error contingency is built into the criticality analyses performed in Chapter 6.
Because biases and uncertainties are explicitly evaluated in the analysis, it is not necessary to
introduce additional contingency for error.

2.3.4.3 Verification Analyses

In Chapter 6, critical experiments are selected which reflect the design configurations. These
critical experiments are evaluated using the same calculation methods, and a suitable bias is
incorporated in the reactivity calculation.

2.3.5 Radiological Protection

2.3.5.1 Access Control

As required by lOCFR72, uncontrolled access to the ISFSI is prevented through physical
protection means. A peripheral fence with an appropriate locidng and monitoring system is a
standard approach to limit access. The details of the access control systems and procedures,
including division of the site into radiation protection areas, will be developed by the licensee
(user) of the ISFSI utilizing the HI-STORM 100 System.

2.3.5.2 Shielding

The shielding design is governed by 10CFR72.104 and lOCFR72.106 which provide radiation
dose limits for any real individual located at or beyond the nearest boundary of the controlled
area. The individual must not receive doses in excess of the limits given in Table 2.3.1 for
normal, off-normal, and accident conditions.
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The objective of shielding is to assure that radiation dose rates at key locations are as low as
practical in order to maintain occupational doses to operatingpersonnelAsLowAsReasonably
Achievable (AULRA) and to meet the requirements of 10 CFR 72.104 and 10 CFR 106for dose
at the controlled area boundary. below acceptable levels for those locations. Three locations
are of particular interest in the storage mode:

immediate vicinity of the cask
restricted area boundary
controlled area (site) boundary

Dose rates in the immediate vicinity of the loaded overpack are important in consideration of
occupational exposure. Conservative evaluations of dose rate have been performed and are
described in Chapter 5 based on the contents oftheBWKR andPffW AMPCs allowed by the CoC
Actual dose rates in operation will be lower than those reported in Chapter 5for thefollowing
reasons:

* The shielding evaluation model has a number of conservatism, as discussed in
Chapter 5.

* Nosingle caskwill likely contain design basisfuelin eachfuel storage location andthe
fiul compliment of non-fuel hardware allowed by the CoC.

* No single cask will contain fuel and non-fuel hardware at the limiting burnups and
cooling times allowed by the CoC.

Consistent with 10 CFR 72, there is no single dose rate limit establishedfor theHI-STORM100
System. Compliance with the regulatory limits on occupational and controlled area doses is
performance-based, as demonstrated by dose monitoring performed by each cask A design
objective for the maximum average radial surface dose rate has been established as 60-100
mrem/hr. Areas adjacent to the inlet and exit vents which pass through the radial shield are
limited to 60 mrem/hr. The average dose rate at the top of the overpack is limited to below 60
mrem/hr. Chapter S of this FSAR presents the analyses and evaluations to establish HI-STORM
100 compliance with these design objectives.

Because of the passive nature of the HI-STORM 100 System, human activity related to the
system is infiequent and of short duration. Personnel exposures due to operational and
maintenance activities are discussed in Chapter 10. Chapter 10 also provides information
concerning temporary shielding which may be utilized to reduce the personnel dose during
loading, unloading, transfer, and handling operations. The estimated occupational doses for
personnel comply with the requirements of I0CFR20.

For the loading and unloading of the HI-STORM overpack with the MPC, three transfer cask
designs are provided (i.e., FH-TRAC 125, HI-TRAC 100, and lII-TRAC 125D). The two 125
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ton HI-TRAC provide better shielding than the 100 ton EH-TRAC due to the increased shielding
thickness and corresponding greater weight Provided the licensee is capable of utilizing the 125
ton HI-TRAC, ALARA considerations would normally dictate that the 125 ton HI-1TRAC
should be used. However, sites may not be capable of utilizing the 125 ton HI-TRAC due to
crane capacity limitations, floor loading limitations, or other site-specific considerations. As
with other dose reduction-based plant activities,, individual users who cannot accommodate the
125 ton HI-TRAC should perform a cost-benefit analysis of the actions (e.g., plant
modifications) that would be necessary to use the 125 ton HI-TRAC. The cost of the action(s)
would be weighed against the value of the projected reduction in radiation exposure and a
decision made based on each plant's particular ALARA implementation philosophy.

Dose rates at the restricted area and site boundaries shall be in accordance with applicable
regulations. Licensees shall demonstrate compliance with IOCFR72.104 and IOCFR72.106 for
the actual fuel being stored, the ISFSI storage array, and the controlled area boundary distances.

The analyses presented in Chapters 5, 10, and 11 demonstrate that the HI-STORM 100 System
is capable ofmeetings the above radiation dose limits and design objectives.

2.3.5.3 Radiological Alarm System

There are no credible events w h at could result in release of radioactive materials or
increases in direct radiation above the requirements of IOCFR72.106. IX addition, the non
mechanistic release as the result of a hypothetical accident is described in Chapter 7, and resuls
in a dose to an individua at the contelled aXea boundary of a vely smA magitude. Therefore,
radiological alarm systems are not necessary.

2.3.6 Fire and Explosion Protection

There are no combustible or explosive materials associated with the HI-STORM 100 System.
No such materials would be stored within an ISFSL However, for conservatism we have
analyzed a hypothetical fire accident as a bounding condition for HI-STORM 100. An
evaluation of the HI-STORM 100 System in a fire accident is discussed in Chapter 11.

Small overpressures may result from accidents involving explosive materials which are stored or
transported near the site. Explosion is an accident loading condition considered in Chapter 11.
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Table 2.3.1

RADIOLOGICAL SITE BOUNDARY REQUIREMENTS

BOUNDARY OF CONTROLLD AREA (m) (minimum) 100
NORMAL AND OFF-NORMAL COND_ ONS:

Whole Body (mrem/yr) 25
Thyroid (mriem/yr) 75
Any Other Critical Organ (mrem/yr) 25

DESIGN BASIS ACCIDENT:
TEDE (rem) 5

DDE + CDE to any individual organ or tissue (other 50
than lens of the eye) (rem)

Lens dose equivalent (rem) 15

Shallow dose equivalent to skin or any extremity 50
(rem)
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Table 2.3.2

Load Combinationst and Service Condition Definitions for the CTF Structure

Service Condition for
Loa Combination Section III of the ASME

Load Combination Code for Definition of Comment
Allowable Stress

Do LevelA All primary load bearing
members must satisfy Level

D+S Level A A stress limits.

D+Mtt+W'

D+F Factor of safety against
Level D overturning shall be > 1.1

D+E
or

D+Y

t The reinforced concrete portion of the CTF structure shall also meet factored combinations of the
above loads set forth in ACI-318(89).

tt This load may be reduced or eliminated based on a PRA for the CTF site.
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2.4 DECOMMISSIONING CONSIDERATIONS

Efficient decommissioningoftheISFSIis aparamount objective ofthe HI-STORM 100 System. The
HISTORM 100 System is ideally configured to facilitate rapid, safe, and economical
decommissioning of the storage site.

The MPC is being licensed for transport off-site in the HI-STAR 100 dual-purpose cask system
(Reference DocketNo. 71-9261). No further handling ofthe SNF stored in the MPC is requiredprior
to transport to a licensed centralized storage facility or licensed repository.

The MPC which holds the SNF assemblies is engineered to be suitable as a waste package for
permanent internment in a deep Mined Geological Disposal System (MGDS). The materials of
construction permitted for the MPC are known to be highly resistant to severe environmental
conditions. No carbon steel, paint, or coatings are used orpermitted in the MPC. Therefore, the SNF
assemblies stored in the MPC should not need to be removed. However, to ensure a practical
feasible method to defuel the MPC, the top ofthe MPC is equipped with sufficient gamma shielding
and markings locating the drain and vent locations to enable semiautomatic (or remotely actuated)
boring ofthe MPC lid to provide access to the MPC vent and drain. The circuferential welds ofthe
MPC lid closure ring can be removed by semiautomatic or remotely actuated means, providing
access to the SNF.

Likewise, the overpack consists of steel and concrete rendering it suitable for permanent burial.
Alternatively, the MPC can be removed from the overpack, and the latter reused for storage of other
MPCs.

In either case, the overpack would be expected to have no interior or exterior radioactive surface
contamination. Any neutron activation of the steel and concrete is expected to be extremely small,
and the assembly would qualify as Class A waste in a stable form based on definitions and
requirements in IOCFR61.55. As such, the material would be suitable for burial in a near-surface
disposal site as Low Specific Activity (LSA) material.

If the MPC needs to be opened and separated from the SNF before the fuel is placed into the MGDS,
the MPC interior metal surfaces will be decontaminated using existing mechanical or chemical
methods. This will be facilitated by the MPC fuel basket and interior structures' smooth metal
surfaces designed to minimize crud traps. After the surface contamination is removed, the MPC
radioactivity will be diminished significantly, allowing near-surface burial or secondary applications
at the licensee's facility.

It is also likely that both the overpack and MPC, or extensive portions of both, can be further
decontaminated to allow recycle or reuse options. After decontamination, the only radiological
hazard the HI-STORM 100 System may pose is slight activation of the HI-STORM 100 materials
caused by irradiation over a 40-year storage period.

HI-STORM FSAR. Proposed Rev. 2B
REPORT 11-2002444 2.4-1



Due to the design of the HI-STORM 100 System, no residual contamination is expected to be left
behind on the concrete ISFSI pad. The base pad, fence, and peripheral utility structures will require
no decontamination or special handling after the last overpack is removed.

To evaluate the effects on the WPC and HI-STORM overpack caused by irradiation over a 40-year
storage period, the following analysis is provided. Table 2.4.1 provides the conservatively
determined quantities of the major nuclides after 40 years of irradiation. The calculation of the
material activation is based on the following:

Beyond design basis fuel assemblies (B&W 15xl5, 344.80h enrichment, 47,5O070,000
MWD/MTU, and eight¶ve-year cooling time) stored for 40 years. A constant source termfor
40years was used with no decrease in the neutronsource term. This bounds thesource term
associated with the limiting P WR burnup of 68,200 MWD/MTU.

* Material quantities based on the Design-Ddrawings in Section 1.5.

* A constant flux equal to the initial loading condition is conservatively assumed for the full 40
years.

Material activation is based on MCNP4A calculations.

As can be seen from the material activation results presented in Table 2.4.1, the MWC and HI-
STORM overpack activation is very low, even including the very conservative assumption of a
constant flux for 40 years. The results for the concrete in the HI-STORM overpack can be
conservatively applied to the ISFSI pad. This is extremely conservative because the overpack shields
most of the flux from the fuel and, therefore, the ISFSI pad will experience a minimal flux.

In any case, the HI-STORM 100 System would not impose any additional decommissioning
requirements on the licensee ofthe ISFSI facility per IOCFR72.30, since the HI-STORM 100 System
could eventually be shipped from the site.
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Table 2.4.1
MPC ACTIVATION

Nuclide Activity After 40-Year Storage
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ (C uin )

S4M 2.20e-3

"Fe 3.53e-3

"Ni 2.91e-6

'lCo 3.1 le-4

63Ni 9.87e-5

Total 6.15e-3

Hl-STORM OVERPACK ACTIVATION

Nuclide | Activity After 40-Year Storage
________________j ~(Cium3)

Overpack Steel

54 'Mn 3.62e-4
55Fe 7.1 Se-3

Total 7.1 8e-3

Overpack Concrete
39Ar 3.02e-6

4"Ca 2.44e-7

54Mn 1.59e-7

55Fe 2.95e-5

Total 3.43e-5
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Appendix 2.B The Forced Helium Dehydration (FiD) System

2.B.1 System Overview

The Forced Helium Dehydration (FHD) system is used to remove the remaining moisture in the
MPC cavity after all of the water that can practically be removed through the drain line using a
hydraulic pump or an inert gas has been expelled in the water blowdown operation. The FHD
system is required to be used for any MPCs containing all moderate burnup fuel if the heat load
is greater than certain values (see Section 4.5) or if the WPC contains ing at least one high
burnup fuel assembly. The FHD method of moisture removal end is optional for MPCs
containing all moderate burnup fuel assemblies.

Expelling the water from the MPC using a conventional pump or a water displacement method
using inert gas would remove practically all of the contained water except for the small quantity
remaining on the MPC baseplate below the bottom of the drain line and an even smaller adherent
amount wetting the internal surfaces. A skid-mounted, closed loop dehydration system will be
used to remove the residual water from the MPC such that the partial pressure of the trace
quantity of water vapor in the MPC cavity gas is brought down to < 3 torr. The FHD system,
engineered for this purpose, shall utilize helium gas as the working substance.

The FHD system, schematically illustrated in Figure 2.B.1, can be viewed as an assemblage of
four thermal modules, namely, (i) the condensing module, (ii) the demoisturizer module, (iii) the
helium circulator module and (iv) the pre-heater module. The condensing module serves to cool
the helium/vapor mixture exiting the MPC to a temperature well below its dew point such that
water may be extracted from the helium stream. The condensing module is equipped with
suitable instrumentation to provide a direct assessment of the extent of condensation that takes
place in the module during the operation of the FHD system. The demoisturizer module,
engineered to receive partially cooled helium exiting the condensing module, progressively chills
the recirculating helium gas to a temperature that is well below the temperature corresponding to
the partial pressure of water vapor at 3 torr.

The motive energy to circulate helium is provided by the helium circulator module, which is
sized to provide the pressure rise necessary to circulate helium at the requisite rate. The last item,
labeled the pre-heater module, serves to pre-heat the flowing helium to the desired temperature
such that it is sufficiently warm to boil off any water present in the MPC cavity.

The pre-heater module, in essence, serves to add supplemental heat energy to the helium gas (in
addition to the heat generated by the stored SNF in the MPC) so as to facilitate rapid conversion
of water into vapor form. The heat input from the pre-heater module can be adjusted in the
manner of a conventional electric heater so that the recirculating helium entering the MPC is
sufficiently dry and hot to evaporate water, but not unduly hot to place unnecessary thermal
burden on the condensing module.

The PHD system described in the foregoing performs its intended function by continuously
removing water entrained in the MPC through successive cooling, moisture removal and
reheating of the working substance in a closed loop. In a classical system of the FHD genre, the
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moisture removal operation occurs in two discrete phases. In the beginning of the FHD system's
operation (Phase 1), the helium exiting the NPC is laden with water vapor produced by boiling
of the entrained bulk water. The condensing module serves as the principal device to condense
out the water vapor from the helium stream in Phase 1. Phase 1 ends when all of the bulk water
in the MPC cavity is vaporized. At this point, the operation of the FHD system moves on to
steadily lowering the relative humidity and bulk temperature of the circulating helium gas (Phase
2). The demoisturizer module, equipped with the facility to chill flowing helium, plays the
principal role in the dehydration process in Phase 2.

2.B.2 Design Criteria

The design criteria set forth below are intended to ensure that design and operation of the FHD
system will drive the partial pressure of the residual vapor in the MPC cavity to < 3 torr if the
guadtrnperaturo of helium exiting the demoistuizer has met the value and duration criteria
provided in the HI-STORM technical specifications. The Fil system shall be designed to
ensure that during normal operation (i.e., excluding startup and shutdown ramps) the following
criteria are met

i. The temperature of helium gas in the MPC shall be at least 150F higher than the
saturation temperature at coincident pressure.

ii. The pressure in the MPC cavity space shall be less than or equal to 60.3 psig (75
psia).

iii. The recirculation rate of helium shall be sufficiently high (minimum hourly
throughput equal to ten times the nominal helium mass backfilled into the MPC for
fuel storage operations) so as to produce a turbulated flow regime in the MPC cavity.

iv. The partial pressure of the water vapor in the MPC cavity will not exceed 3 torr. The
limit will be met if the helumgas temperature at the demoisturer outlet is verified by
measurement to remain < 210F for afpefiod-ef> 30 minutes or if the dew point of the
gas exiting the MPC is verified by measurement to remain < 22.90Ffor > 30 minutes.

In addition to the above system design criteria, the individual modules shall be designed in
accordance with the following criteria:

i. The condensing module shall be designed to de-vaporize the recirculating helium gas
to a dew point of 1200F or less.

ii. The demoisturizer module shall be configured to be introduced into its helium
conditioning function after the condensing module has been operated for the required
length of time to assure that the bulk moisture vaporization in the MPC (defined as
Phase 1 in Section 2.B.1) has been completed.

iii. The helium circulator shall be sized to effect the minimum flow rate of circulation
required by the system design criteria described above.
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iv. The pre-heater module shall be engineered to ensure that the temperature of the
helium gas in the MPC meets the system design criteria described above.

2.B.3 Analysis Requirements

The design of the FHD system shall be subject to the confirmatory analyses listed below to
ensure that the system will accomplish the performance objectives set forth in this FSAR.

i. System thermal analysis in Phase 1: Characterize the rate of condensation in the
condensing module and helium temperature variation under Phase 1 operation
(i.e., the scenario where there is some unevaporated water in the MPC) using a
classical thermal-hydraulic model wherein the incoming helium is assumed to
fully mix with the moist helium inside the MPC.

ii. System thermal analysis in Phase 2: Characterize the thermal performance of the
closed loop system in Phase 2 (no unvaporized moisture in the MPC) to predict
the rate of condensation and temperature of the helium gas exiting the condensing
and the demoisturizer modules. Establish that the system design is capable to
ensure that partial pressure of water vapor in the MPC will reach < 3 torr if the
temperature of the helium gas exiting the demoisturizer is predicted to be at a
maximum of 211F for 30 minutes.

iii. Fuel Cladding Temperature Analysis: A steady-state thermal analysis of the MPC
under the forced helium flow scenario shall be performed using the methodology
described in EI-STORM 100 FSAR Subsections 4.4.1.1.1 through 4.4.1.1.4 with
due recognition of the forced convection process during FHD system operation.
This analysis shall demonstrate that the peak temperature of the fuel cladding
under the most adverse condition of FHD system operation (design maximum
heat load, no moisture, and maximum helium inlet temperature), is below the
peak cladding temperature limit for normal conditions of storage for the
applicable fuel type (PWR or BWR) and cooling time at the start of dry storage.

2.B.4 Acceptance Testing

The first FHD system designed and built for the MPC drying function required by HI-STORM's
technical specifications shall be subject to confirmatory testing as follows:

a. A representative quantity of water shall be placed in a manufactured MPC (or
equivalent mock-up) and the closure lid and RVOAs installed and secured to create a
hermetically sealed container.

b. The MPC cavity drying test shall be conducted for the worst case scenario (no heat
generation within the MPC available to vaporize water).
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c. The drain and vent line RVOAs on the MPC lid shall be connected to the terminals
located in the pre-heater and condensing modules of the FHD system, respectively.

d. The FHD system shall be operated through the moisture vaporization (Phase 1) and
subsequent dehydration (Phase 2). The FHD system operation will be stopped after
the temperature of helium exiting the demoisturizer module has been at or below 21TF
for thirty minutes (nominal). Thereafter, a sample of the helium gas from the MPC
will be extracted and tested to determine the partial pressure of the residual water
vapor in it. The FHD system will be deemed to have passed the acceptance testing if
the partial pressure in the extracted helium sample is less than or equal to 3 torr.

'1.,
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FIGURE 2.3.1: SCHEMATIC OF THE FORCED HELIUM DEHYDRATION
SYSTEM



CHAPTER 3: STRUCTURAL EVALUATIONt

In this chapter, the structural components ofthe HI-STORM 100 System that are important to safety
(ITS) are identified and described. The objective of the structural analyses is to ensure that the
integrity of the HI-STORM 100 System is maintained under all credible loads for normal, off-
normal, and design basis accident/natural phenomena. The chapter results support the conclusion
that the confinement, criticality control, radiation shielding, and retrievability criteria set forth by
1OCFR72.236(l),I OCFR72.124(a),I OCFR72.104,I OCFR72.106, and l0CFR72.122(1) are met. In
particular, the design basis information contained in the previous two chapters and in this chapter
provides sufficient data to permit structural evaluations to demonstrate compliance with the
requirements of IOCFR72.24. To facilitate regulatory review, the assumptions and conservatism's
inherent in the analyses are identified along with a complete description of the analytical methods,
models, and acceptance criteria. A summary of other material considerations, such as corrosion and
material fracture toughness is also provided. Design calculations for the HI-TRAC transfer cask are
included where appropriate to comply with the guidelines of NUREG-1536.

Detailed numerical computations supporting the conclusions in the main body of this chapter are
presented in a series of appendices. Where appropriate, the subsections malce reference to results in
the appcedices. Section 3.6.3 contains the compIcte list of appcendices that support this chapter.

This revision to the HI-STORM Safety Analysis Report, the first since the HI-STORM 100 System
was issued a Part 72 Certificate-of-Compliance, incorporates several features into the structural
analysis to respond to the changing needs of the U.S. nuclear power generation industry. The most
significant changes to this chapter for this revision are:

The incorporation of structural results associated with the MPC-32 and the MPC-24E/24EF
fuel baskets. In the case of the MPC-32, this revision simply returns results of analyses that
were contained in this chapter prior to the initial CoC. In the case of the 24E basket, the new
results are based on the same structural analysis model used for all the other baskets
evaluated.

* ~ The revision of the analyses of free thermal expansion and MPC canister shell to incorporate
the Changed temperature distribution from the inclusion of the thermosiphon effect
(convective heat transfer inside the canister).

* The introduction of new analyses that permit the use of additional damaged fuel canisters in
the HI-STORM 100.

This chapter has been prepared in the format and section organization set forth in Regulatory Guide 3.61. However, the
material content of this chapter also fulfills the requirements of NUREG-1 536. Pagination and numbering of sections,
figures, and tables are consistent with the convention set down in Chapter 1, Section 1.0, herein. Finally, all terns-of-art
used in this chapter are consistent with the terminology ofthe glossary (Table 1.0.1) and component nomenclature ofthe
Bill-of-Materials (Section 1.5).
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* The inclusion of a short version of the HI-STORM overpack (designated as HI-STORM
lOOS) to accommodate plants with reduced clearances. In general, we show that the HI-
STORM 100S is bounded by results previously obtained.

* Revisions to approved HI-TRAC analyses to accommodate fabrication enhancements.

* Enhancement ofthe handling accident and tipover analyses to provide an additional qualified
reference ISFSI pad configuration with higher strength concrete.

* Introduction of an anchored HI-STORM (designated as HI-STORM 100A). This
enhancement permits use of a HI-STORM at sites in high seismic zones where a free
standing cask is not acceptable.

The organization of technical information in this chapter follows the format and content guidelines
of USNRC Regulatory Guide 3.61 (February 1989). The FSAR ensures that the responses to the
review requirements listed in NUREG-1536 (January 1997) are complete and comprehensive. The
areas of NRC staff technical inquiries, with respect to structural evaluation inNUREG-1536, span a
wide array of technical topics within and beyond the material in this chapter. To facilitate the staffs
review to ascertain compliance with the stipulations of NUREG-1536, Table 3.0.1 "Matrix of
NUREG-1536 Compliance - Structural Evaluation", is included in this chapter. A comprehensive
cross-reference of the topical areas set forth in NUREG-1536, and the location of the required
compliance information is contained in Table 3.0.1.

Section 3.7 describes in detail HI-STORM 100 System's compliance to NUREG-1536 Structural
Evaluation Requirements.

The HI-STORM 100 System matrix of compliance table given in this section is developed with the
supposition that the storage overpack is designated as a steel structure that falls within the purview
of subsection 3.V.3 "Other Systems Components Important to Safety" (page 3-28 ofNUREG-1 536),
and therefore, does not compel the use of reinforced concrete. (Please refer to Table 1.0.3 for an
explicit statement of exception on this matter). The concrete mass installed in the HI-STORM 100
overpack is accordingly equipped with "plain concrete" for which the sole applicable industry code
is ACI 318.1 (92). Plain concrete, in contrast to reinforced concrete, is the preferred shielding
material HI-STORM 100 because of three key considerations:

(i) Plain concrete is more amenable to a void free pour than reinforced concrete in narrow
annular spaces typical of ventilated vertical storage casks.

(ii) The tensile strength bearing capacity of reinforced concrete is not required to buttress the
steel weldment of the HI-STORM 100 overpack.
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(iii) The compression and bearing strength capacity of plain concrete is unaffected by the absence
of rebars. A penalty factor, on the compression strength, pursuant to the provisions of ACI-
318.1 is, nevertheless, applied to insure conservatism. However, while plain concrete is the
chosen shielding embodiment for the HI-STORM 100 storage overpack, all necessary
technical, procedural Q.C., and Q.A. provisions to insure nuclear grade quality will be
implemented by utilizing the relevant sections from ACI-349 (85) as specified in Appendix
I.D.

In other words, guidelines of NUREG 1536 pertaining to reinforced concrete are considered to
insure that the material specification, construction quality control and quality assurance of the
shielding concrete comply with the provisions of ACI 349 (85). These specific compliance items are
listed in the compliance matrix.
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TABLE 3.0.1
MATRIX OF NURE G-1536 COMPLIANCE ITEMS - STRUCTURAL EALUAINt

PARAGRAPH IN NUREG-1536 LOCATION IN FSAR LOCATION OUTSIDE
NUREG-1536 COMPLIANCE ITEM CHAPTER 3 OF FSAR CHAPTER 3
IV. l.a ASME B&PV Compliance________ ___ __________

NB 3.1.1 Tables 2.2.6,2.2.7
____________________ NG 3.1.1 Tables 2.2.6,2.2.7

IV.2 Concrete Material Appendix L D
Specification _ _ _ _ _ _ _ _ _ _ _ _

IV.4 Litn evices 3. 1; 3.4;3.D;3.E;-3.ACG___________
V. Identification of SSC that Table 2.2.6

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ are IT S

Applicable 3.6.1 Table 2.2.6
____ ____ ___ ____ ___ Codes/Standards

_______ ______ ______ Loads Table 2.2.13
Load Combinations 3.1.2.1.2; Tables 3. 1.1I- Table 2.2.14

_________________________ ~~~3.1.5
Summary of Safety Factors 3.4.3; 3.4.4.2; 3.4.4.3.1-3

3.4.6-3.4.9; Tables 3.4.3-
______________________ ~~ ~~~3.4.9

Design/Analysis Chapter 3Wa
____ ___ ___ ____ ___ ___ Procedures

Structural Acceptance Tables 2.2.10-2.2.12
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ C riteria _ _ _ _ _ _ _ _ _ _

I

I
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TABLE 3.0.1 (CONTINUED)
MATRIX OF NUREG.1536 COMPLIANCE ITEMS - STRUCTURAL EVALUATION t

(

PARAGRAPH IN NUREG-1536 LOCATION IN FSAR LOCATION OUTSIDE
NUREG-1536 COMPLIANCE ITEM CHAPTER 3 OF FSAR CHAPTER 3

Material/QC/Fabrication Table 3.4.2 Chap. 9; Chap. 13
Testing/In-Service Chap. 9; Chap. 12
Surveillance
Conditions for Use Table 1.2.6; Chaps. 8,9,12

V.1.a Description of SSC 3.1.1 1.2
V.1.b.i.(2) Identification of Codes & Tables 2.2.6, 2.2.7

Standards
V.1 .b.ii Drawings/Figures 1.5
.. Identification of 1.5; 2.3.2; 7.1; Table 7.1.1

Confinement Boundary
.. - X <fBoundary Weld 3.3.1.4 1.5; Table 7.1.2

Specifications
Boundary Bolt Torque NA
Weights and C.G. Location Tables 3.2.1-3.2.4 _ X _- ___

Chemical/Galvanic 3.4.1; Table 3.4.2
Reactions

V.l.c Material Properties 3.3; Tables 3.3.1-3.3.5 1.A; 1.C; 1.D
Allowable Strengths Tables 3.1.6-3.1.17 Tables 2.2.10-2.2.12; .D
Suitability of Materials 3.3; Table 3.4.2 I.A; 1.B1; .D
Corrosion 3.3
Material Examination 9.1.1
before Fabrication
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TABLE 3.0.1 (CONTINUED)
MATRIX OF NUREG-1536 COMPLIANCE ITEMS - STRUCTURAL EVALUATION t

PARAGRAPH IN NUREG-1536 LOCATION IN FSAR LOCATION OUTSIDE
NUREG-1536 COMPLIANCE ITEM CHAPTER 3 OF FSAR CHAPTER 3

66 Material Testing and 9.1; Table 9.1. 1;L.D
Analysis

66 Material Traceability 9.1.1
Material Long Term 3.3; 3.4.11; 3.4.12 9.2
Performance .

Materials Appropriate to Chap. 1
Load Conditions
Restrictions on Use Chap. 12
Temperature Limits Table 3.1.17 Table 2.2.3
Creep/Slump 3.4.4.3.3 .2-3
Brittle Fracture 3.1.2.3; Table 3.1.18
Considerations
Low Temperature 2.2.1.2
Handlin

V.l.d.i.(l) Normal Load Conditions 2.2.1- Tables 2.2.13,2.2.14
.. Fatigue 3.1.2.4

Internal 3.4.4.1 2.2.2; Tables 2.2.1,2.2.3
Pressures/Temperatures for
Hot and Cold Conditions

.. Required Evaluations
.. Weight+Pressure 3.4.4.3.1.2
.. Weight/Pressure/Temp. 3.4.4.3.1.2

Free Thermal Expansion 3.4.4.2; 3.U; 3.V; 3.W; 4.4.5; Figure 4.4.30Tables
3._;3._A ; 3.AQ 4.4.15,4.5,4

I
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TABLE 3.0.1 (CONTINUED)
MATRIX OF NUREG-1536 COMPLIANCE ITEMS - STRUCTURAL EVALUATION t

(

PARAGRAPH IN NUREG-1536 LOCATION IN FSAR LOCATION
NUREG-1536 COMPLIANCE ITEM CHAPTER3 OUTSIDE OF FSAR

X_ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ _ _ _ _ _ _ __ C HA P TE R 3
V.1.d.i.(2) Off-Normal Conditions 2.2.2; Tables 2.2.13,

2.2.14; 11.1
V.1.d.i.(3) Accident Level Events and Tables 3.1.1, 3.1.2 2.2.3; Tables 2.2.13,

Conditions 2.2.14; 11.2
V.l.d.i.(3).(a) Storage Cask Vertical Drop 3.1.2.1.1.2; 3.4.10; 3.A 2.2.3.1

Storage Cask Tipover 3.1.2.1.1.1; 3.4.10; 3.A 2.2.3.2
Transfer Cask Horizontal 3.4.9; 3.Z; 3.AL; 3AN 2.2.3.1
Drop _

V.1 .d.i.(3).(b) Explosive Overpressure 3.1.2.1.1 .4,34" 2.2.3.10
V.1 .d.i.(3).(c) Fire

Structural Evaluations 3.4.4.2 2.2.3.3
.. ______________________ M aterial Properties 11.2
.. ___________________ Material Suitability 3.1.2.2; 3.3.1.1 Table 2.2.3;1 1.2
V.1 .d.i.(3).(d) Flood _ __XX_ _

.. __________________ _ ,Identification 3.1.2.1.1.3; 3.4.6 2.2.3.6

.. __________________ _ Cask Tipover 3.4.6
..___- __- ________X __X _ C ask Sliding 3.4.6
..____________________ Hydrostatic Loading 3.1.2.1.1.3; 3.4.6 72-1008(3.H)

Consequences 11.2
V. I.d.i.(3).(e) Tornado Winds
.. ____________________ Specification 3.1.2.1.1.5 2.2.3.5; Table 2.2.4
.. IDrag Coefficients 3.4.8

Load Combination 3.4.84-G

I
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TABLE 3.0.1 (CONTINUED)
MATRIX OF NUREG-1536 COMPLIANCE ITEMS - STRUCTURAL EVALUATION t

PARAGRAPH IN NUREG-1536 LOCATION IN FSAR LOCATION OUTSIDE
NUREG-1536 COMPLIANCE ITEM CHAPTER 3 OF FSAR CHAPTER 3
.. Overturning -Transfer NA
V.1 .d. #).(f) Tornado Missiles

Missile Parameters 3.1.2.1.1.5 Table 2.2.5
Tipover 3.4.8;-3.G _

Damage 3.4.8.1; 3.4.8.23.B; 3.G; 3.14; 3Z; 3.AM
Consequences 3.4.8.1; 3.4.8.2 11.2

V.1 .d.i.(3).(g) Earthquakes
Definition of DBE 3.1.2.1.1.6; 3.4.7 2.2.3.7; Table 2.2.8
Sliding 3.4.7

.. ____________________ Overturning 3.4.7

.. _____________________ Structural Evaluations 3.4.7-49 11.2
V.1 .d.i.(4).(a) Lifting Analyses
St Trunnions
.. __ Requirements 3.1.2.1.2; 3.4.3.1;3.4.3.2 72-1008(3.4.3);2.2.1.2
.. ____________________ Analyses 3.4.3.1; 3.4.3.2; 3.D;3. ; 3.AC; 3.AE3 72-1008(3.4.3)

Other Lift Analyses 3.4.3.7-3.4.3.9; 3.D; 3.AB; 3.AC; 3.AEF
3.AD; 3.AI; 3.AJ

V.1 .d.i.(4).(b) Fuel Basket ,
.. Requirements 3.1.2.1.2; Table 3.1.3
.. 4Specific Analyses 3.4.4.2; 3.4.4.3; 3.6.3; 3.U; 3.W; -3.I; 72-1008(3.4.4.3.1.2;

3___ 3.4.4.3.1.6; 3.AII; 3.M;
3.H; 3.I)_
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TABLE 3.0.1 (CONTINUED)
MATRIX OF NUREG-1536 COMPLIANCE ITEMS - STRUCTURAL EVALUATION t

(

PARAGRAPH IN NUREG-1536 LOCATION IN FSAR LOCATION OUTSIDE
NUREG_1536 COMPLIANCE ITEM CHAPTER 3 OF FSAR CHAPTER 3
.. Dynamic Amplifiers 3.4.4.4.1-*X
.. Stability 3.4.4.3; 3.4.4.4-;3.MK 72-1008(Figures 3.4.27-32)
V.l.d.i.(4).(c) Confinement Closure Lid

.. Pre-Torque NA
______ _____ _____ ___ _ Analyses NA

_'___________________ Engagement Length NA
.. Miscellaneous Bolting _ __ __ __

.. ____________________ Pre-Torque 3.4.3.7; 3.4.3.83.AG
Analyses 3.4.4.3.2.2-43
Engagement Length 3.4.3.5; 3.4.3.7;

3.4.3.83.AG ;3.D
V.1 .d.i.(4) Confinement

Requirements 3.1.2.1.2; Table 3.1.4 Chap. 7
Specific Analyses 3.6.3; Tables 3.4.3, 3.4.4t 72-1008(3.E; 3.K; 3.1;

__ __ _ 3.AA 3.4.4.3.1.5)
Dynamic Amplifiers -X,-3.4.4.1 __ _

Stability 3.4.4.3.1 72- 1008(3.H)
Overpack _

Requirements 3.1.2.1.2; Tables 3.1.1,
3.1.5

Specific Analyses 3.6.3; 344;
3.ACG ;3.4.4;3 3-.K;
_.A_; 3.AR; 3.AS
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TABLE 3.0.1 (CONTINUED)
MATRIX OF NUREG-1536 COMPLIANCE ITEMS - STRUCTURAL EVALUATION t

PARAGRAPH IN NUREG-1536 LOCATION IN FSAR LOCATION OUTSIDE
NUREG-1536 COMPLIANCE ITEM CHAPTER 3 OF FSAR CHAPTER 3
.. Dynamic Amplifiers 3.4.4.3.2e4W;X
.4 Stability 3.4.4.3; Table 3.1.1;

3.4.4.5- .lhkK
Transfer Cask

Requirements 3.1.2.1.2; Table 3.1.5
Specific Analyses 3.4.4.3; 3.6.3, 3.E; 3.HI; 3.I;

3.Z; 3.AD; 3.AE; 3.AA;
3.AI; 3.AB; 3.AJ; 3.AG;
3.F;3.AH; 3.AJ; 3.Ajl;

.. ___________________ Dynamic Amplifiers 3.4.4.4.13 X._

.. ____________________ Stability NA 2.2.3.1

I

I

1 Legend for Table 3.0.1

Per the nomenclature defined in Chapter 1, the first digit refers to the chapter number, the second digit is the section number
within the chapter; an alphabetic character in the second place means it is an appendix to the chapter.

72-1008
NA

HI-STAR 100 Docket Number where the referenced item is located
Not Applicable for this item

A __ _ _ ]! _ __ n XT n s ___ t _ tTS ^^A s A r e . .

PppenRnooc :.r' 3.1 have boon rolocatod to te ulculatlcn Pocago, H1 tuUW441 as of is rovision. I
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3.1 STRUCTURAL DESIGN

3.1.1 Discussion

The HI-STORM 100 System consists of three principal components: the Multi-Purpose Canister
(MPC), the storage overpack, and the transfer cask. The MPC is a hermetically sealed, welded
structure of cylindrical profile with flat ends and a honeycomb fuel basket. A complete description is
provided in Subsection 1.2.1.1 wherein the anatomy of the MPC and its fabrication details are
presented with the aid of figures. The MPCs utilized in the HI-STORM 100 System are identical to
those for the HI-STAR 100 System submitted under Dockets 72-1008 and 71-9261. The evaluation
of the MPCs presented herein draws upon the work described in those earlier submittals. In this
section, the discussion is confined to characterizing and establishing the structural features of the
MPC, the storage overpack, and the HI-TRAC transfer cask. Since a detailed discussion of the HI-
STORM 100 Overpack and HI-TRAC transfer cask geometries is presented in Section 1.2, attention
is focused here on structural capabilities and their inherent margins of safety for housing the MPC.
Detailed design drawings for the HI-STORM 100 System are provided in Section 1.5.

The design of the MPC seeks to attain three objectives that are central to its functional adequacy,
namely:

* Ability to Dissipate Heat: The thermal energy produced by the stored spent fuel must be
transported to the outside surface of the MPC such that the prescribed temperature limits for
the fuel cladding and for the fuel basket metal walls are not exceeded.

* Ability to Withstand Large Impact Loads: The MPC, with its payload of nuclear fuel, must
be sufficiently robust to withstand large impact loads associated with the postulated handling
accident events. Furthermore, the strength of the MPC must be sufficiently isotropic to meet
structural requirements under a variety of handling and tip-over accidents.

* Restraint of Free End Expansion: The membrane and bending stresses producedbyrestraint
of free-end expansion of the fuel basket are categorized as primary stresses. In view of the
concentration of heat generation in the fuel basket, it is necessary to ensure that structural
constraints to its external expansion do not exist.

Where the first two criteria call for extensive inter-cell connections, the last criterion requires the
opposite. The design ofthe MPC seeks to realize all ofthe above three criteria in an optimal manner.

From the description presented in Chapter 1, the MPC enclosure vessel is the confinement vessel
designed to meet ASME Code, Section m, Subsection NB stress limits. The enveloping canister
shell, the baseplate, and the lid system form a complete confinement boundary for the stored fuel that
is referred to as the "enclosure vessel". Within this cylindrical shell confinement vessel is an
integrally welded assemblage of cells of square cross sectional openings for fuel storage, referred to
herein as the fuel basket. The fuel basket is analyzed under the provisions of Subsection NG of
Section mII of the ASME Code. All multi-purpose canisters designed for deployment in the HI-
STORM 100 and HI-STAR 100 systems are exactly alike in their external dimensions. The essential
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difference between the MPCs lies in the fuel baskets. Each fuel storage MPC is designed to house
fuel assemblies with different characteristics. Although all fuel baskets are configured to maximize
structural ruggedness through extensive inter-cell connectivity, they are sufficiently dissimilar in
structural details to warrant separate evaluations. Therefore, analyses for each ofthe MPC types were
carried out to ensure structural compliance. Inasmuch as no new MPC designs are introduced in this
application, and all MPC designs were previously reviewed by the USNRC under Docket 72-1008,
the MPC analyses submitted under Docket Numbers 72-1008 and 71-9261 for the HI-STAR 100
System are not reproduced herein unless they need to be modified by HI-STORM 100 conditions or
geometry differences. Analyses provided in the HI-STAR 100 System safety analysis reports that are
applicable to the HI-STORM 100 System are referenced in this FSAR by docket number and
subsection or appendix.

Components of the HI-STORM 100 System that are important to safety and their applicable design
codes are defined in Chapter 2.

Some of the key structural functions of the MPC in the storage mode are:

1. To position the fuel in a subcritical configuration, and

2. To provide a confinement boundary.

Some of the key structural functions of the overpack in the storage mode are:

1. To serve as a missile barrier for the MPC,

2. To provide flow paths for natural convection,

3. To ensure stability of the HI-STORM 100 System, and

4. To maintain the position of the radiation shielding.

5. To allow movement of the overpack with a loaded MPC inside.

Some structural features of the MPCs that allow the system to perform these functions are
summarized below:

* There are no gasketed ports or openings in the MPC. The MPC does not rely on any
sealing arrangement except welding. The absence of any gasketed or flanged joints
makes the MPC structure immune from joint leaks. The confinement boundary
contains no valves or other pressure relief devices.
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* The closure system for the MPCs consists oftwo components, namely, the MPC lid
and the closure ring. The MPC lid can be either a single thick circular plate
continuously welded to the MPC shell along its circumference or two dual lids
welded around their common periphery. The MPC closure system is shown in the
Design Drawings in Section 1.5. The MPC lid is equipped with vent and drain ports
which are utilized for evacuating moisture and air from the MPC following fuel
loading, and subsequent backfilling with an inert gas (helium) at a specified mass.
The vent and drain ports are covered by a cover plate and welded before the closure
ring is installed. The closure ring is a circular annular plate edge-welded to the MPC
lid and shell. The two closure members are interconnected by welding around the
inner diameter of the ring. Lift points for the MPC are provided in the MPC lid.

* The MPC fuel baskets consist of an array of interconnecting plates. The number of
storage cells formed by this interconnection process varies depending on the type of
fuel being stored. Basket designs containing cell configurations for PWR and BWR
fuel have been designed and are explained in detail in Section 1.2. All baskets are
designed to fit into the same MPC shell. Welding of the basket plates along their
edges essentially renders the fuel basket into a multiflange beam. Figure 3.1.1
provides an isometric illustration of a fuel basket for the MPC-68 design;

* The MPC basket is separated from its supports by a gap. The gap size decreases as a
result of thermal expansion (depending on the magnitude of internal heat generation
from the stored spent fuel). The provision of a small gap between the basket and the
basket support structure is consistent with the natural thermal characteristics of the
MPC. The planar temperature distribution across the basket, as shown in Section 4.4,
approximates a shallow parabolic profile. This profile will create high thermal
stresses unless structural constraints at the interface between -the basket and the
basket support structure are removed.

* The MPCs will be loaded with fuel with widely varying heat generation rates. The
basket/basket support structure gap tends to be reduced for higher heat generation
rates due to increased thermal expansion rates. Gaps between the fuel basket and the
basket support structure are specified to be sufficiently large such that a gap exists
around the periphery after any thermal expansion.

* A small number of flexible thermal conduction elements (thin aluminum tubes) are
interposed between the basket and the MPC shell. The elements are designed to be
resilient. They do not provide structural support for the basket, and thus their
resistance to thermal growth is negligible.
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It is quite evident from the geometry of the MPC that a critical loading event pertains to the drop
condition when the MPC is postulated to undergo a handling side drop (the longitudinal axis of the
MPC is horizontal) or tip-over. Under the side drop or tip-over condition the flat panels of the fuel
basket are subject to an equivalent pressure loading that simulates the deceleration-magnified inertia
load from the stored fuel and the MPC's own metal mass.

The MPC fuel basket maintains the spent nuclear fuel in a subcritical arrangement. Its safe operation
is assured by maintaining the physical configuration ofthe storage cell cavities intact in the aftermath
of a drop event. This requirement is considered to be satisfied if the MPC fuel basket meets the stress
intensity criteria set forth in the ASME Code, Section m, Subsection NG. Therefore, the
demonstration that the fuel basket meets SubsectionNG limits ensures that there is no impairment of
ready retrievability (as required by NUREG-1536), and that there is no unacceptable effect on the
subcritical arrangement.

The MPC confinement boundary contains no valves or other pressure relief devices. The MPC
enclosure vessel is shown to meet the stress intensity criteria of the ASME Code, Section DI,
Subsection NB for all service conditions. Therefore, the demonstration that the enclosure vessel
meets Subsection NB limits ensures that there is no unacceptable release of radioactive materials.

The HI-STORM 100 storage overpack is a steel cylindrical structure consisting of inner and outer
low carbon steel shells, a lid, and a baseplate. Between the two shells is a thick cylinder of un-
reinforced (plain) concrete. Additional regions of filly confined (by enveloping steel structure)
unreinforced concrete are attached to the lid and to the baseplate. The storage overpack serves as a
missile and radiation barrier, provides flow paths for natural convection, provides kinematic stability
to the system, and acts as a cushion for the MPC in the event of a tip-over accident. The storage
overpack is not a pressure vessel since it contains cooling vents that do not allow for a differential
pressure to develop across the overpack wall. The structural steel components ofthe HI-STORM 100
Overpack are designed to meet the stress limits ofthe ASME Code, Section III, Subsection NF, Class
3. A short version of the HI-STORM 100 overpack, designated as the HI-STORM 100S, is
introduced in this revision. To accommodate nuclear plants with limited height access, the HI-
STORM 100S has a re-configured lid and a lower overall height. There are minor weight
redistributions but the overall bounding weight of the system is unchanged. Therefore, structural
analyses are revisited if and only if the modified configuration cannot be demonstrated to be bounded
by the original calculation. New or modified calculations focused on the HI-STORM 100 are clearly
identified within the text of this chapter. Unless otherwise designated, general statements using the
terminology "HI-STORM 1 00" also apply to the HI-STORM IOOS. The HI-STORM I OOS can carry
all MPC's and transfer casks that can be carried in the HI-STORM 100.

As discussed in Chapters 1 and 2, and Section 3.0, the principal shielding material utilized in the HI-
STORM 100 Overpack is plain concrete. Plain concrete was selected for the HI-STORM 100
Overpack in lieu of reinforced concrete, because there is no structural imperative for incorporating
tensile load bearing strength into the contained concrete. From a purely practical standpoint, the
absence ofrebars facilitate pouring and curing of concrete with minimal voids, which is an important
consideration in light of its shielding function in the HI-STORM 100 Overpack. Plain concrete,
however, acts essentially identical to reinforced concrete under compressive and bearing loads, even
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though ACI standards apply a penalty factor on the compressive and bearing strength of concrete in
the absence of rebars (vide ACI 318.1).

Accordingly, the plain concrete in the HI-STORM 100 is considered as a structural material only to
the extent that it may participate in supporting direct compressive loads. The allowable
compression/bearing resistance is defined and quantified in the ACI 318.1(92) Building Code for
Structural Plain Concrete.

In general, strength analysis of the HI-STORM 100 Overpack and its confined concrete is carried out
only to demonstrate that the concrete is able to perform its radiation protection function and that
retrievability of the MPC subsequent to any postulated accident condition of storage or handling is
maintained.

A discrete lTS component in the HI-STORM 100 System is the HI-TRAC transfer cask. The HI-
TRAC serves to provide a missile and radiation barrier during transport of the MPC from the fuel
pool to the HI-STORM 100 Overpack. The HI-TRAC body is a double-walled steel cylinder that
constitutes its structural system. Contained between the two steel shells is an intermediate lead
cylinder. Attached to the exterior of the HI-TRAC body outer shell is a water jacket that acts as a
radiation barrier. The HI-TRAC is not a pressure vessel since it contains a penetration in the HI-
TRAC top lid that does not allow for a differential pressure to develop across the HI-TRAC wall.
Nevertheless, in the interest of conservatism, structural steel components ofthe HI-TRAC are subject
to the stress limits of the ASME Code, Section a, Subsection NF, Class 3.

Since both the HI-STORM 100 and HI-TRAC may serve as an MPC carrier, their lifting attachments
are designed to meet the design safety factorrequirements ofNUREG-0612 [3.1.1] and ANSIN14.6-
1993 [3.1.2] for single-failure-proof lifting equipment.

Table 2.2.6 provides a listing of the applicable design codes for all structures, -systems, and
components which are designated as ITS.

3.1.2 Design Criteria

Principal design criteria for normal, off-normal, and accident/environmental events are discussed in
Section 2.2. In this section, the loads, load combinations, and allowable stresses used in the structural
evaluation of the HI-STORM 100 System are presented in more detail.

Consistent with the provisions of NUREG-1536, the central objective of the structural analysis
presented in this chapter is to ensure that the HI-STORM 100 System possesses sufficient structural
capability to withstand normal and off-normal loads and the worst case loads under natural
phenomenon or accident events. Withstanding such loadings enables the HI-STORM 100 System to
successfully preclude the following negative consequences: -
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* unacceptable risk of criticality
* unacceptable release of radioactive materials
* unacceptable radiation levels
* impairment of ready retrievability of the SNF

The above design objectives for the HI-STORM 100 System can be particularized for individual
components as follows:

* The objectives of the structural analysis of the MPC are to demonstrate that:

1. Confinement of radioactive material is maintained under normal, off-normal,
accident conditions, and natural phenomenon events.

2. The MPC basket does not deform under credible loading conditions such that
the subcriticality or retrievability of the SNF is jeopardized.

* The objectives of the structural analysis of the storage overpack are to demonstrate
that:

1. Tornado-generated missiles do not compromise the integrity of the MPC
confinement boundary.

2. The overpack can safely provide for on-site transfer of the loaded MPC and
ensure adequate support to the HI-TRAC transfer cask during loading and
unloading of the MPC.

3. The radiation shielding remains properly positioned in the case of any
normal, off-normal, or natural phenomenon or accident event.

4. The flow path for the cooling air flow shall remain available under normal
and off-normal conditions of storage and after a natural phenomenon or
accident event.

9-5. The loads arising from normal, off-normal, and accident level conditions
exerted on the contained MPC do not exceed the structural design criteria of
the MPC.

6. No geometry changes occur under any normal, off-normal, and accident level
conditions of storage that may preclude ready retrievability of the contained
MPC.
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7. A freestanding storage overpack can safely withstand a non-mechanistic tip-
over event with a loaded MPC within the overpack. The HI-STORM 100A is
specifically engineered to be permanently attached to the ISFSI pad. The
ISFSI pad engineered for the anchored cask is designated as "Important to
Safety". Therefore, the non-mechanistic tipover is not applicable to the HI-
STORM 100A.

8. The inter-cask transfer of a loaded MPC can be carried out without
exceeding the structural capacity of the HI-STORM- 100 Overpack, provided
all required auxiliary equipment and components specific to an ISFSI site
comply with their Design Criteria set forth in this FSAR and the handling
operations are in full compliance with operational limits and controls
prescribed in this FSAR.

The objective of the -structural analysis of the HI-TRAC transfer cask is to
demonstrate that:

1. Tornado generated missiles do not compromise the integrity of the MPC
confinement boundary while the MPC is contained within HI-TRAC.

2. No geometry changes occur under any postulated handling or storage
conditions that may preclude ready retrievability of the contained MPC.

3. The structural components perform their intended function during lifting and
handling with the loaded MPC.

4. The radiation shielding remains properly positioned under all applicable
handling service conditions for HI-TRAC.

5. The lead shielding, top lid, and transfer lid doors remain properly positioned
during postulated handling accidents.

The aforementioned objectives are deemed to be satisfied for the MPC, the overpack, and the HI-
TRAC, if stresses (or stress intensities, as applicable) calculated by the appropriate structural
analyses are less than the allowables defined in Subsection 3.1.2.2, and if the diametral change in the
storage overpack (or HI-TRAC), if any, after any event of structural consequence to the overpack (or
transfer cask), does not preclude ready retrievability of the contained MPC.

Stresses arise in the components of the HI-STORM 100 System due to various loads that originate
under normal, off-normal, or accident conditions. These individual loads are combined to form load
combinations. Stresses and stress intensities resulting from the load combinations are compared to
their respective allowable stresses and stress intensities. The following subsections present loads,
load combinations, and the allowable limits germane to them for use in'the structural analyses ofthe
MPC, the overpack, and the HI-TRAC transfer cask.

HI-STORM FSAR Proposed Rev. 2B
REPORT HI-2002444 3.1-7



3.1.2.1 Loads and Load Combinations

The individual loads applicable to the HI-STORM 100 System and the HI-TRAC cask are defined in
Section 2.2 of this report (Table 2.2.13). Load combinations are developed by assembling the
individual loads that may act concurrently, and possibly, synergistically (Table 2.2.14). In this
subsection, the individual loads are further clarified as appropriate and the required load
combinations are identified. Table 3.1.1 contains the load combinations for the storage overpack
where kinematic stability is of primary importance. The load combinations where stress or load level
is of primary importance are set forth in Table 3.1.3 for the MPC fuel basket, in Table 3.1.4 for the
MPC confinement boundary, and in Table 3.1.5 for the storage overpack and the HI-TRAC transfer
cask. Load combinations are applied to the mathematical models of the MPCs, the overpack, and the
HI-TRAC. Results of the analyses carried out under bounding load combinations are compared with
their respective allowable stresses (or stress intensities, as applicable). The analysis results from the
bounding load combinations are also assessed, where warranted, to ensure satisfaction of the
functional performance criteria discussed in the preceding subsection.

3.1.2.1.1 Individual Load Cases

The individual loads that address each design criterion applicable to the structural design ofthe HI-
STORM 100 System are catalogued in Table 2.2.13. Each load is given a symbol for subsequent use
in the load combination listed in Table 2.2.14.

Accident condition and natural phenomena-induced events, collectively referred to as the "Level D"
condition in Section Im1 of the ASME Boiler & Pressure Vessel Codes, in general, do not have a
universally prescribed limit. For example, the impact load from a tornado-borne missile, or the
overturning load under flood or tsunami, cannot be prescribed as design basis values with absolute
certainty that all ISFSI sites will be covered. Therefore, as applicable, allowable magnitudes of such
loadings are postulated for the HI-STORM 100 System. The allowable values are drawn from
regulatory and industry documents (such as for tornado missiles and wind) or from an intrinsic
limitation in the system (such as the permissible "drop height" under a postulated handling accident).
In the following, the essential characteristic of each "Level D" type loading is explained.

3.1.2.1.1.1 Tip-Over

It is required to demonstrate that the free-standing HI-STORM 100 storage overpack, containing a
loaded MPC, will not tip over as a result of a postulated natural phenomenon event, including
tornado wind, a tomado-generated missile, a seismic or a hydrological event (flood). However, to
demonstrate the defense-in-depth features of the design, a non-mechanistic tip-over scenario per
NUREG-1536 is analyzed. Since the HI-STORM 100S has an overall length that is less than the
regular HI-STORM 100, the maximum impact velocity ofthe overpack will be reduced. Therefore,
the results of the tipover analysis for the HI-STORM 100 (reported in Appendix 3.A) are bounding
for the HI-STORM 100S. The potential of the HI-STORM 100 Overpack tipping over during the
lowering (or raising) of the loaded MPC into (or out of) it with the HI-TRAC cask mounted on it is
ruled out because of the safeguards and devices mandated by this FSAR for such operations
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(Subsection 2.3.3.1 and Technical Specification 4.9). The physical and procedural barriers under the
MPC handling operations have been set down in the FSAR to preclude overturning of the HI-
STORM/HI-TRAC assemblage with an extremely high level of certainty. Much of the ancillary
equipment needed for the MPC transfer operations must be custom engineered to best accord with
the structural and architectural exigencies ofthe ISFSI site. Therefore, with the exception ofthe Hl-
TRAC cask, their design cannot be prescribed, a priori, in this FSAR. However, carefully drafted
Design Criteria and conditions of use set forth in this FSAR eliminate the potential of weakening of
the safety measures contemplated herein to preclude an overturning event during MPC transfer
operations. Subsection 2.3.3.1 contains a comprehensive set of design criteria for the ancillary
equipment and components required for MPC transfer operations to ensure that the design objective
of precluding a kinematic instability event during MPC transfer operations is met. Further
information on the steps taken to preclude system overturning during MPC transfer operations may
be found in Chapter 8, Section 8.0.

In the HI-STORM lOOA configuration,-wherein the overpack is physically anchored to the ISFSI
pad, the potential for a tip-over is a' priori precluded. Therefore, the ISFSI pad need not be
engineered to be sufficiently compliant to limit the peak MPC deceleration to Table 2.2.8 values. The
stiffness of the pad, however, may be controlled by the ISFSI structural design and, therefore, may
result in a reduced "carry height" from that specified for a free-standing cask. If a non-single failure
proof lifting device is employed to carry the cask over the pad, determination of maximum carry
height must be performed by the ISFSI owner once the ISFSI pad design is formalized.

3.1.2.1.1.2 Handling Accident

A handling accident during transport of a loaded HI-STORM 100 storage overpack is assumed to
result in a vertical drop. The HI-STORM 100 storage overpack will not be handled in a horizontal
position while containing a loaded MPC. Therefore, a side drop is not considered a credible event.

HI-TRAC can be carried in a horizontal orientation while housing a loaded MPC. Therefore, a
handling accident during transport of a loaded HI-TRAC in a horizontal orientation is considered to
be a credible accident event.

As discussed in the foregoing, the vertical drop of the HI-TRAC and the tip-over of the assemblage
of a loaded HI-TRAC on the top of the HI-STORM 100 storage overpack during MPC transfer
operations do not need to be considered.

3.1.2.1.1.3 Flood

The postulated flood event results into two discrete scenarios which must be considered; namely,

1. stability of the HI-STORM 100 System due to flood water velocity, and
2. structural effects of hydrostatic pressure and water velocity induced lateral pressure.
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The maximum hydrostatic pressure on the cask in a flood where the water level is conservatively set
at 125 feet is calculated as follows:

Using

p = the maximum hydrostatic pressure on the system (psi),
A= weight density of water = 62.4 lb/ft3

h = the height of the water level = 125 ft;

The maximum hydrostatic pressure is

p = Th = (62.4 lb/ft)(125 ft)(l ft2/144 in2) = 54.2 psi

The accident condition design external pressure for the MPC (Table 2.2.1) bounds the maximum
hydrostatic pressure exerted by the flood.

3.1.2.1.1.4 Explosion

Explosion, by definition, is a transient event. Explosive materials (except for the short duration when
a limited quantity of motive fuel for placing the loaded MPC on the ISFSI pad is present in the tow
vehicle) are prohibited in the controlled area by specific stipulation in the HI-STORM 100 Technical
Specification. However, pressure waves emanating from explosions in areas outside the ISFSI are
credible.

Pressure waves from an explosive blast in a property near the ISFSI site result in an impulsive
aerodynamic loading on the stored HI-STORM 100 Overpacks. Depending on the rapidity of the
pressure build-up, the inside and outside pressures on the HI-STORM METCON'm shell may not
equalize, leading to a net lateral loading on the upright overpack as the pressure wave traverses the
overpack. The magnitude of the dynamic pressure wave is conservatively set to a value below the
magnitude of the pressure differential that would cause a tip-over of the cask if the pulse duration
was set at one second. With the maximum design basis pressure pulse established (by setting the
design basis pressure differential sufficiently low that cask tip-over is not credible due to the
travelling pressure wave), the stress state under this condition requires analysis. The lateral pressure
difference, applied over the overpack fill height, causes axial and circumferential stresses and strains
to develop. Level D stress limits must not be exceeded under this state of stress. It must also be
demonstrated that no permanent ovalization of the cross section occurs that leads to loss of clearance
to remove the MPC after the explosion.

Once the pressure wave traverses the cask body, then an elastic stability evaluation is warranted. An
all-enveloping pressure from the explosion may threaten safety by buckling the overpack outer shell.
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In contrast to the overpack, the MPC is a closed pressure vessel. Because ofthe enveloping overpack
around it, the explosive pressure wave would manifest as an external pressure on the external surface
of the MPC.

The maximum overpressure on the MPC resulting from an explosion is limited by the HI-STORM
Technical Specification to be equal to or less than the accident condition design external pressure or
external pressure differential specified in Table 2.2.1. The design external pressure differential is
applied as a component of the load combinations.

3.1.2.1.1.5 Tornado

The three components of a tornado load are:

1. pressure changes,
2. wind loads, and
3. tornado-generated missiles.

Wind speeds and tornado-induced pressure drop are specified in Table 2.2.4. Tornado missiles are
listed in Table 2.2.5. A central functional objective of a storage overpack is to maintain the integrity
ofthe "confinement boundary", namely, the multi-purpose canister stored inside it. This operational
imperative requires that the mechanical loadings associated with a tornado at the ISFSI do not
jeopardize the physical integrity of the loaded MPC. Potential consequences of a tornado on the cask
system are:

* Instability (tip-over) due to tornado missile impact plus either steady wind or impulse
fiom the pressure drop (only applicable for free-standing cask).

* Stress in the overpack induced by the lateral force caused by the steady wind or
missile impact.

* Loadings applied on the MPC transmitted to the inside of the overpack through its
openings or as a secondary effect of loading on the enveloping overpack structure.

* Excessive storage overpack permanent deformation that may prevent ready
retrievability of the MPC.

* Excessive storage overpack permanent deformation that may significantly reduce the
shielding effectiveness of the storage overpack.

Analyses must be performed to ensure that, due to the tornado-induced loadings:

* The loaded overpack does- not become kinematically unstable (only applicable
for free-standing cask).
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* The overpack does not deform plastically such that the retrievability ofthe stored
MPC is threatened.

* The MPC does not sustain an impact from an incident missile.

* The MPC is not subjected to inertia loads (acceleration or deceleration) in excess
of its design basis limit set forth in Chapter 2 herein.

* The overpack does not deform sufficiently due to tornado-borne missiles such
that the shielding effectiveness of the overpack is significantly affected.

The results obtained for the HI-STORM 100 bound the corresponding results for HI-STORM 100S
because of the reduced height. In the anchored configuration (HI-STORM 100A), the kinematic
stability requirement stated above is replaced with the requirement that the stresses in the anchor
studs do not exceed level D stress limits for ASME Section m, Class 3, Subsection NF components.

3.1.2.1.1.6 Earthquake

Subsections 2.2.3.7 and 3.4.7 contain the detailed specification of the seismic inputs applied to the
HI-STORM 100 System. The design basis earthquake is assumed to be at the top of the ISFSI pad.
Potential consequences of a seismic event are sliding/overturning of a free-standing cask, overstress
of the sector lugs and anchor studs for the anchored HI-STORM 100A, and lateral force on the
overpack causing excessive stress and deformation of the storage overpack.

In the anchored configuration (HI-STORM 1 OOA), a seismic event results in a fluctuation in the state
of stress in the anchor bolts and a local bending action on the sector lugs.

Analyses must be performed to ensure that:

* The maximum axial stress in the anchor bolts remains below the Level D stress limits for
Section III Class 3 Subsection NF components.

* The maximum primary membrane plus bending stress intensity in the sector lugs during the
DBE event satisfies Level D stress limits of the ASME Code, Subsection NF.

• The anchor bolts will not sustain fatigue failure due to pulsation in their axial stress during
the DBE event.

* The stress in the weld line joining the sector lugs to the HI-STORM 100 weldment is within
Subsection NF limits for Level D condition.
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3.1.2.1.1.7 Lightning

The HI-STORM 100 Overpack contains over 25,000 lb of highly conductive carbon steel with over
700 square feet of external surface area. Such a large surface area and metal mass is adequate to
dissipate any lightning that may strike the HI-STORM 100 System. There are no combustible
materials on the HI-STORM 100 surface. Therefore, lightning -will not impair the structural
performance of components of the HI-STORM 100 System that are important to safety.

3.1.2.1.1.8 Fire

The potential structural consequences of a fire are: the possibility of an interference developing
between the storage overpack and the loaded MPC due to free thermal expansion; and, the
degradation of material properties to the extent that their structural performance is affected during a
subsequent recovery action. The fire condition is addressed to the extent necessary to demonstrate
that these adverse structural consequences do not materialize.

3.1.2.1.1.9 100% Fuel Rod Rupture

The effect on structural performance by 100% fuel rod rupture is felt as an increase in internal
pressure. The accident internal pressure limit set in Chapter 2 bounds the pressure from 100%
fuel rod rupture. Therefore, no new load condition has been identified.

3.1.2.1.2 Load Combinations

Load combinations are created by summing the effects of several individual loads. The load
combinations are selected for the normal, off-normal, and accident conditions. The loadings
appropriate for HI-STORM 100 under the various conditions are presented in Table 2.2.14. These
loadings are combined into meaningful combinations for the various HI-STORM 100 System
components in Tables 3.1.1, and 3.1.3-3.1.5. Table 3.1.1 lists the load combinations that address
overpack stability. Tables 3.1.3 through 3.1.5 list the applicable load combinations for the fuel
basket, the enclosure vessel, and the overpack and HI-TRAC, respectively.

As discussed in Subsection 2.2.7, the number of discrete load combinations for each situational
condition (i.e., normal, -off-normal, etc.) is consolidated by defining bounding loads for certain
groups of loadings. Thus, the accident condition pressure PO bounds the surface loadings arising
from accident and extreme natural phenomenon events, namely, tornado wind W', flood F, and
explosion E*.

As noted previously, certain loads, namely earthquake E, flowing water under flood condition F,
force from an explosion pressure pulse F*, and tornado missile'M, act to destabilize a cask.
Additionally, these loads act on the overpack and produce essentially localized stresses at the HI-
STORM 100 System to ISFSI interface. Table 3.1.1 provides the load combinations that are relevant
to the stability analyses of free-standing casks. The site ISFSI DBE zero period acceleration (ZPA)
must be bounded bythe design basis seismic ZPA defined bythe Load Combination C of Table 3.1.1
to demonstrate that the margin against tip-over during a seismic event is maintained.
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The major constituents in the HI-STORM 100 System are: (i) the fuel basket, (ii) the enclosure
vessel, (iii) the HI-STORM 100 (or HI-STORM 100S) Overpack, and (iv) the HI-TRAC transfer
cask. The fuel basket and the enclosure vessel (EV) together constitute the multi-purpose canister.
The multi-purpose canister (MPC) is common to HI-STORM 100 and HI-STAR 100, and as such,
has been extensively analyzed in the storage FSAR and transport SAR (Dockets 72-1008 and 71-
9261) for HI-STAR 100. Many of the loadings on the MPC (fuel basket and enclosure vessel) are
equal to or bounded by loadings already considered in the HI-STAR 100 SAR documents. Where
such analyses have been performed, their location in the HI-STAR 100 SAR documents is indicated
in this HI-STORM 100 SAR for continuity in narration. A complete account of analyses and results
for all load combinations for all four constituents parts is provided in Section 3.4 as required by
Regulatory Guide 3.61.

In the following, the loadings listed as applicable for each situational condition in Table 2.2.14 are
addressed in meaningfiul load combinations for the fuel basket, enclosure vessel, and the overpack.
Each component is considered separately.

Fuel Basket

Table 3.1.3 summarizes all loading cases (derived from Table 2.2.14) that are germane to
demonstrating compliance of the fuel baskets to Subsection NG when these baskets are housed
within HI-STORM 100 or HI-TRAC.

The fuel basket is not a pressure vessel; therefore, the pressure loadings are not meaningful loads for
the basket. Further, the basket is structurally decoupled from the enclosure vessel. The gap between
the basket and the enclosure vessel is sized to ensure that no constraint of free-end thermal expansion
of the basket occurs. The demonstration of the adequacy of the basket-to the-enclosure vessel (EV)
gap to ensure absence of interference is a physical problem that must be analyzed.

The normal handling loads on the fuel basket in an MPC within the HI-STORM 100 System or the
HI-TRAC transfer cask are identical to or bounded by the normal handling loads analyzed in the HI-
STAR 100 FSAR Docket Number 72-1008.

Three accident condition scenarios must be considered: (i) drop with the storage overpack axis
vertical; (ii) drop with the HI-TRAC axis horizontal; and (iii) storage overpack tipover. The vertical
drop scenario is considered in the HI-STAR 100 SAR.

The horizontal drop and tip-over must consider multiple orientation of the fuel basket, as the fuel
basket is not radially symmetric. Therefore, two horizontal drop orientations are considered which
are referred to as the 0 degree drop and 45 degree drop, respectively. In the 0 degree drop, the basket
drops with its panels oriented parallel and normal to the vertical (see Figure 3.1.2). The 45-degree
drop implies that the basket's honeycomb section is rotated meridionally by 45 degrees (Figure
3.1.3).
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Enclosure Vessel

Table 3.1.4 summarizes all load cases that are applicable to structural analysis ofthe enclosure vessel
to ensure integrity of the confinement boundary.

The enclosure vessel is a pressure vessel consisting of a cylindrical shell, a thick circular baseplate at
the bottom, and a thick circular lid at the top. This pressure vessel must be shown to meet the
primary stress intensity limits for ASME Section Em Class 1 at the design temperature and primary
plus secondary stress intensity limits under the combined action of pressure plus thermal loads.

Normal handling of the enclosure vessel is considered in Docket 72-1008; the handling loads are
independent of whether the enclosure vessel is within EI-STAR 100, HI-STORM 100, orHI-TRAC.

The off-normal condition handling loads are identical to the normal condition and, therefore, a
separate analysis is not required.

Analyses presented in this chapter are intended to demonstrate that the maximum decelerations in
drop and tip-over accident events are limited by the bounding values in Table 3.1.2. The vertical
drop event is considered in the EH-STAR 100 SAR Docket 72-1008.

The deceleration loadings developed in the enclosure vessel during a horizontal drop event are
combined with those due to Pi (internal pressure) acting alone. The accident condition pressure is
bounded by Pi*. The design basis deceleration for the MPCjin the HI-STAR 100 System is 60g's,
whereas the design basis deceleration for the MPC in the HI-STORM 100 System is 45g's. The
design pressures are identical. The fire event (To loading) is considered for ensuring absence of
interference between the enclosure vessel and the fuel basket and between the enclosure vessel and
the overpack.

It is noted that the MPC basket-enclosure vessel thermal expansion and stress analyses are
reconsidered in this submittal to reflect the different MPC-to-overpack gaps that exist in the HI-
STORM 100 Overpack versus the HI-STAR 100 overpack, coupled with the different design basis
decelerations.

Storage Overack

Table 3.1.5 identifies the load cases to be considered for the overpack. These are in addition to the
kinematic criteria listed in Table 3.1.1. Within these load cases and kinematic criteria, the following
items must be addressed:
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Normal Conditions

* The dead load ofthe HI-TRAC with the heaviest loaded MPC (dry) on top ofthe HI-STORM
100 Overpack must be shown to be able to be supported by the metal-concrete (METCQN'>)
structure consisting of the two concentric steel shells and the steel rib plates, and by the
concrete columns away from the vent regions.

* The dead load of the HI-STORM 100 Overpack itself must be supportable by the steel
structure with no credit for concrete strength other than self-support in compression.

* Normal handling loads must be accommodated without taking any strength credit from the
contained concrete other than self-support in compression.

Accident Conditions

* Maximum flood water velocity for the overpack with an empty MPC must be specified to
ensure that no sliding or tip-over occurs.

* Tornado missile plus wind on an overpack with an empty MPC must be specified to
demonstrate that no cask tip-over occurs.

* Tornado missile penetration analysis must demonstrate that the postulated large and
penetrant missiles cannot contact the MPC. The small missile must be shown not to penetrate
the MPC pressure vessel boundary, since it can enter the overpack cavity through the vent
ducts.

* Under seismic conditions, a fully loaded, free-standing HI-STORM 100 overpack must be
demonstrated to not tip over under the maximum ZPA event. The maximum sliding of the
overpack must demonstrate that casks will not impact each other.

* Under a non-mechanistic postulated tip-over of a fully loaded, free-standing ER-STORM 100
overpack, the overpack lid must not dislodge.

* Accident condition stress levels must not be exceeded in the steel and compressive stress
levels in the concrete must remain within allowable limits.

* Accident condition induced gross general deformations of the storage overpack must be
limited to values that do not preclude ready retrievability of the MPC.

As noted earlier, analyses performed using the HI-STORM 100 generally provide results that are
identical to or bound results for the shorter HI-STORM 100S; therefore, analyses are not repeated
specifically for the HI-STORM I OOS unless the specific geometry changes significantly influence the
safety factors.
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HI-TRAC Transfer Cask

Table 3.1.5 identifies load cases applicable to the HI-TRAC transfer cask.

The HI-TRAC transfer cask must provide radiation protection, must act as a handling cask when
carrying a loaded MPC, and in the event of a postulated accident must not suffer permanent
deformation to the extent that ready retrievability of the MPC is compromised. This submittal
includes three types of transfer casks: a 125-ton HI-TRAC (referred to as the HI-TRAC 125), a
modified version of the HI-TRAC 125 called the HI-TRAC 125D, and a 100-ton HI-TRAC. The
details of these three transfer casks are provided in the design drawings in Section 1.5. The same
steel structures (i.e., shell thicknesses, lid thicknesses, etc.) are maintained with the only major
differences being in the amount of lead shielding, the water jacket configuration, the bottom flange,
and the lower dead weight loading. Therefore, all structural analyses performed for the HI-TRAC
125 are repeated for the HI-TRAC 125D and the HI-TRAC 100 only if it cannot be clearly
demonstrated that the H1-TRAC 125 calculation is bounding.

3.1.2.2 Allowables

The important to safety components of the rn-STORM 100 System are listed in Table 2.2.6.
Allowable stresses, as appropriate, are tabulated for these components for all service conditions.

In Subsection 2.2.5, the applicable service level from the ASME Code for determination of
allowables is listed. Table 2.2.14 provides a tabulation of normal, off-normal, and accident
conditions and the service levels defined in the ASME Code, along with the applicable loadings for
each service condition.

Allowable stresses and stress intensities are calculated using the data provided in the ASME Code
and Tables 2.2.10 through 2.2.12. Tables 3.1.6 through 3.1.16 contain numerical values of the
stresses/stress intensities for all MPC, overpack, and HI-TRAC load bearing materials as a function
of temperature.

In all tables the terms S, S.m Sy, and S,, respectively, denote the design stress, design stress intensity,
minimum yield strength, and the ultimate strength. Property values at intermediate temperatures that
are not reported in the ASME Code are obtained by linear interpolation. Property values are not
extrapolated beyond the limits of the Code in any structural calculation.
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Additional terms relevant to the analyses are extracted from the ASME Code (Figure NB-3222-1, for
example) as follows:

Symbol Description Notes

Pm Average primary stress Excludes effects of discontinuities and concentrations.
across a solid section Produced by pressure and mechanical loads.

PL Average stress across any Considers effects of discontinuities but not concentrations.
solid section Produced by pressure and mechanical loads, including

earthquake inertial effects.

Pb Primary bending stress Component of primary stress proportional to the distance
from the centroid of a solid section. Excludes the effects of
discontinuities and concentrations. Produced by pressure and
mechanical loads, including earthquake inertial effects.

P, Secondary expansion Stresses that result from the constraint of free-end
stress displacement. Considers effects of discontinuities but not

local stress concentration. (Not applicable to vessels.)

Q Secondary membrane plus Self-equilibrating stress necessary to satisfy continuity of
bending stress structure. Occurs at structural discontinuities. Can be caused

by pressure, mechanical loads, or differential thermal
expansion.

F Peak stress Increment added to primary or secondary stress by a
concentration (notch), or, certain thermal stresses that may
cause fatigue but not distortion. This value is not used in the
tables.

It is shown that there is no interference between component parts due to free thermal expansion.
Therefore, Pe does not develop within any HI-STORM 100 component.

It is recognized that the planar temperature distribution in the fuel basket and the overpack under the
maximum heat load condition is the highest at the cask center and drops monotonically, reaching its
lowest value at the outside surface. Strictly speaking, the allowable stresses/stress intensities at any
location in the basket, the enclosure vessel, or the overpack should be based on the coincident metal
temperature under the specific operating condition. However, in the interest of conservatism,
reference temperatures are established for each component that are upper bounds on the metal
temperature for each situational condition. Table 3.1.17 provides the reference temperatures for the
fuel basket and the MPC canister utilizing Tables 3.1.6 through 3.1.16, and provides conservative
numerical limits for the stresses and stress intensities for all loading cases. Reference temperatures
for the MPC baseplate and the MPC lid are 400 degrees F and 550 degrees F, respectively, as
specified in Table 2.2.3.
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Finally, the lift devices in the HI-STORM 100 Overpack and HI-TRAC casks and the multi-purpose
canisters, collectively referred to as "trunnions", are subject to specific limits set forth by NUREG-
0612: the primary stresses in a trunnion must be less than the smaller of 1/10 of the material ultimate
strength and 1/6 of the material yield strength under a normal handling condition (Load Case 01 in
Table 3.1.5). The load combination D+H in Table 3.1.5 is equivalent to L.I5D. This is further
explained in Subsection 3.4.3.

The region around the trunnions is part ofthe NF structure in HI-STORM 100 and HI-TRAC and NB
pressure boundary in the MPC, and as such, must satisfy the applicable stress (or stress intensity)
limits for the load combination. In addition to meeting the applicable Code limits, it is further
required that the primary stress required to maintain equilibrium at the defined trunnion/mother
structure interface must not exceed the material yield stress at three times the handling condition load
(1. 15D). This criterion, mandated by Regulatory Guide 3.61, Section 3.4.3, insures that a large safety
factor exists on non-local section yielding at the trunnion/mother structure interface that would lead
to unacceptable section displacement and rotation.

3.1.2.3 Brittle Fracture

The MPC canister and basket are constructed from a series of stainless steels termed Alloy X. These
stainless steel materials do not undergo a ductile-to-brittle transition in the minimum temperature
range of the HI-STORM 100 System. Therefore, brittle fracture is not a concern for the MPC
components. Such an assertion can not be made a priori forthe HI-STORM storage overpack and HI-
TRAC transfer cask that contain ferritic steel parts.- In normal storage mode, the lowest service
temperature (LST) of the HI-STORM storage overpack structural members may reach 400 F in the
limiting condition wherein the spent nuclear fuel (SNF) in the contained MPCs emits no (or
negligible) heat and the ambient temperature is at -400F (design minimum per Chapter 2: Principal
Design Criteria). During the HI-STORM handling operations, the applicable lowest service
temperature is 0aF (which is the threshold ambient temperature below which lifting and handling of
the HI-STORM 100 Overpack or the HI-TRAC cask is not permitted by the Technical Specification).
Therefore, two distinct LSTs are applicable to load bearing metal parts within the HI-STORM 100
Overpack and the H1-TRAC cask; namely,.

LST = 0°F for parts used to lift the overpack or transfer cask (see Table 2.2.2 and Chapter
12). This includes the anchor block in the HI-STORM 100 Overpack, and pocket
trunnions, lifting trunnions and the lifting trunnion block in HI-TRAC. Such items
will henceforth be referred to as "significant-to-handling" (STH) parts. The
applicable code for these elements of the structure is ANSI N14.6.

LST = 400F for all HI-STORM 'NF" components and 0F for all HI-TRAC "NF'
components. This includes all 'NF' items not identified as an STH part.
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It is important to ensure that all materials designated as "N' or "STH" parts possess sufficient
fracture toughness to preclude brittle fracture. For the STH parts, the necessary level of protection
against brittle fracture is deemed to exist if the NDT (nil ductility transition) temperature of the part
is at least 400 below the LST. Therefore, the required NDT temperature for all STH parts is -40 0F.

It is well known that the NDT temperature of steel is a strong function of its composition,
manufacturing process (viz., fine grain vs. coarse grain practice), thickness, and heat treatment. For
example, according to Burgreen [3.1.3], increasing the carbon content in carbon steels from 0.1% to
0.8% leads to the change in NDT from -50'F to approximately 1200F. Likewise, lowering of the
normalizing temperature in the ferritic steels from 12000C to 9000C lowers the NDT from 102C to -
500C [3.1.3]. It, therefore, follows that the fracture toughness of steels can be varied significantly
within the confines ofthe ASME Code material specification set forth in Section II ofthe Code. For
example, SA516 Gr. 70 (which is a principal "NF" material in the HI-STORM 100 Overpack), can
have a maximum carbon content of up to 0.3% in plates up to four inches thick. Section II further
permits normalizing or quenching followed by tempering to enhance fracture toughness.
Manufacturing processes which have a profound effect on fracture toughness, but little effect on
tensile or yield strength of the material, are also not specified with the degree of specificity in the
ASME Code to guarantee a well defined fracture toughness. In fact, the Code relies on actual coupon
testing of the part to ensure the desired level of protection against brittle fracture. For Section III,
Subsection NF Class 3 parts, the desired level of protection is considered to exist if the lowest
service temperature is equal to or greater than the NDT temperature (per NF 2311(b)(10)).
Accordingly, the required NDT temperature for all load bearing metal parts in the HI-STORM 100
Overpack ("NF" and "STH") is -40 0F. Likewise, the NDT temperature for all "NF" parts in HI-
TRAC (except for "STH" parts) is set equal to 00F.

From the standpoint of protection against brittle fracture, it should be recognized that setting the LST
equal to the NDT temperature ensures that the fracture strength of the material containing small
flaws is equal to its yield strength. In fact, as the stress calculations in this chapter (and asseeiat
appeiwdies)-would attest, the maximum primary tensile stress in the HI-STORM 100 Overpack is
below 6,000 psi in all normal conditions of storage operating modes. Even in extreme environmental
phenomena events, tensile stresses are below 6,000 psi, except for localized regions under postulated
missile impacts or non-mechanistic tip-over. For ferritic steels (please see NF-23 11 (b)(7)), 6,000 psi
is the threshold stress, at or below which crack propagation will not take place, no matter how low
the metal temperature [3.1.3, p. 13]. (The threshold stress is the horizontal extension of the crack
arrest temperature (CAT) curve in the fracture mechanics literature.)

The generally low value of tensile stress in the HI-STORM 100 storage overpack and in the HlI-
TRAC cask parts suggest that anNDT temperature requirement is not essential to ensure safety from
crack growth. However, the aforementioned NDT temperature requirement of 40 0F has been
imposed to incorporate an additional layer of conservatism in the design.

The STH components (bolt anchor block (HI-STORM), lifting trunnion (HI-TRAC), lifting trnnion
block (HI-TRAC), and pocket trunnion (HI-TRAC) have thicknesses greater than 2". SA350-LF3 has
been selected as the material for these items (except for the lifting trunnions) due to its capability to
maintain acceptable fracture toughness at low temperatures (see Table 5 in SA350 ofASME Section
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HA). Additionally, material for the HI-TRAC top flange, pool lid (100 ton) and pool lid outer ring
(125 ton) has been defined as SA350-LF3, SA350-LF2, or SA203E (see Table Al.15 of ASME
Section IIA) in order to achieve low temperature fracture toughness. The I{-TRAC lifting trunnion
is fabricated from SB -637 Grade N07718, a high strength nickel alloy material. This material has
a high resistance to fracture at low temperatures. All other steel structural materials in the HI-
STORM 100 overpack and HI-TRAC cask are made of SA516-70 or SA515-70 (with some
components having an option for SA203E or SA350-LF3 depending on material availability).

Table 3.1.18 provides a summary of impact testing requirements to satisfy the requirements for
prevention of brittle fracture.

3.1.2.4 Fatigue

In storage, the -H-STORM 100 System is not subject to significant cyclic loads. Failure due to
fatigue is not a concern for the HI-STORM 100 System.

In an anchored installation, however, the anchor studs sustain a pulsation in the axial load during the
seismic event The amplitude of axial stress variation under the DBE event is computed in this
chapter and a significant margin of safety against fatigue failure during the DBE event is
demonstrated.

The system is subject to cyclic temperature fluctuations. These fluctuations result in small changes of
thermal expansions and pressures in the MPC. The loads resulting from these changes are small and
do not significantly contribute to the "usage factor" of the cask.

Inspection of the HI-TRAC trunnions specified in Chapter 9 will preclude use of a trunnion that
exhibits visual damage.

3.1.2.5 Buckling

Certain load combinations subject structural sections with relatively large slenderness ratios (such as
the enclosure vessel shell) to compressive stresses that may actuate buckling instability before the
allowable stress is reached. Tables 3.1.4 and 3.1.5 list load combinations for the enclosure vessel and
the HI-STORM 100/HI-TRAC structures; the cases which warrant stability (buckling) check are
listed therein (note that a potential buckling load has already been identified as a consequence of a
postulated explosion).
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TABLE 3.1.1

LOAD COMBINATIONS SIGNIFICANT TO HI-STORM 100 OVERPACK
KINEMATIC STABILITY ANALYSIS

Loading Combinationst Comment Analysis of this
Case Load Case

Presented in:

A D + F This case establishes flood water flow Subsection 3.4.6
velocity with a minimum safety factor of
1.1 against overturning and sliding.

B D + M + W' Demonstrate that the HI-STORM 100 Subsection
Overpack with minimum SNF stored 3.4.8.Appendi* 3.G
(minimum D) will not tip over.

C D + E Establish the value of ZPAtt that will not Subsection 3.4.7
cause the overpack to tip over.

t Loading symbols are defined in Table 2.2.13

tt ZPA is zero period acceleration

I
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TABLE 3.1.2

DESIGN BASIS DECELERATIONS FOR THE DROP EVENTS

Case Valuet
(in multiples of acceleration

due to gravity)

Vertical axis drop (HI-STORM 100 Overpack 45
only) ,_._._.

Horizontal axis (side) drop (HI-TRAC only) 45

t The design basis value is set from the requirements of the HI-STORM 100 System, as its
components are operated as a storage system. The MPC is designed to higher loadings
(60g's vertical and horizontal) when in a HI-STAR 100 overpack. Analysis of the MPC in
a HI-STAR 100 overpack under a 60g loading is provided in HI-STAR 100 Docket
Numbers 71-9261 and 72-1008.
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TABLE 3.1.3

LOADING CASES FOR THE FUEL BASKET

Load Case Loadingt Notes Location
I.D. Where this Case

is Evaluated

Fl T, r Demonstrate that the most adverse of the Appendices 3.1, 3.J,
temperature distributions in the basket will not 3.U, 3.4-, 3.W;l
cause fuel basket to expand and contact the Subsection 3.4.4.2
enclosure vessel wall. Compute the secondary
stress intensity and show that it is small.

F2 (Note 1) D + H Conservatively add the stresses in the basket Section 3.4
due to vertical and horizontal orientation SeefieftDocket 72-
handling to form a bounding stress intensity. 1008

F3
F3.a D + H' Vertical axis drop event Docket Number 72-

(Note 2) 1008, Subsection
3.4.4.3.1.6

F3.b D + H' Side Drop, 0 degree orientation (Figure 3.1.2) Table 3.4.6
(Note 3)

F3.c D + H' Side Drop, 45 degree orientation (Figure Table 3.4.6
(Note 3) 3.1.3)

Notes:
I1. Load Case F2 for the HI-STORM 1 00 System is identical to Load Case F2 for the HI-STAR 100 System in

Docket Number 72-1008, Table 3.1.3.

2. Load Case F3.a is bounded by the 60g deceleration analysis performed for the HI-STAR 1 00 System in Docket
Number 72-1008, Subsection 3.4.4.3.1.6. The HI-STORM 1 00 vertical deceleration loading is limited to 45g.

3. Load Cases F3.b and F3.c are analyzed here for a 45g deceleration, while the MPC is housed within a HI-
STORM 1 00 Overpack or a HI-TRAC transfer cask. The initial clearance at the interface between the MPC
shell and the HI-STORM 100 Overpack or HI-TRAC transfer cask is greater than or equal to the initial
clearance between the MPC shell and the HI-STAR 100 overpack. This difference in clearance directly affects
the stress field. The side drop analysis for the MPC in the HI-STAR 100 overpack under 60g's bounds the
corresponding analysis of the MPC in HI-TRAC for 45 g's.

t The symbols used for the loadings are defined in Table 2.2.13.
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TABLE 3.1.4

LOADING CASES FOR THE ENCLOSURE VESSEL (CONFINEMENT BOUNDARY)

(

Load Case Load Combinationt Notes Comments and
I.D. Location Where this Case Is Analyzed

El (Note I)
El.a Design internal pressure, Primary stress intensity limits in El.a Lid Docket 72-1008 3.E.8.1.1

pi the shell, baseplate, and closure Baseplate Docket 72-1008 3.1.8.1
ring Shell 3.4.4.3.1.2

SupportsN/A

El.b Design external pressure, Primary stress intensity limits, El.b Lid Pj bounds
PO buckling stability Baseplate Pi bounds

Shell Docket 72-1008 -Buckling Methodology in
3.H-X3.H(Case-4)

Supports N/A
El Sc Design intertial pressure, Primary plus secondary stress

Pi, Plus Temperature, T intensity under Level A condition El .c Lid, Baseplate, and Shell Section 3.4.4.3.1.2

E2 D + H + (p1,p*)tt Vertical lift, internal operating Lid Docket 72-1008 3.E.8.1.2
pressure conservatively assumed Baseplate Docket 72-1008 3.1.8.2
to be equal to the normal design Shell Docket 72-1008 Section 3.4AA A4s3
pressure. Principal area of Docket 72-1008 Buckling (methodolov in
concern is the lid assembly. 3.HofDocket 72-1008)

3.H1 (CnGe 4) (buckling)
Supports Docket 72-1008 Section 3.4 AA

t The symbols used for the loadings are defined in Table 2.2.13.

tt 'The notation (Pi, P.) means that both cases are checked with either P. or Pi applied.
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TABLE 3.1.4 (CONTINUED)

LOADING CASES FOR THE ENCLOSURE VESSEL (CONFINEMENT BOUNDARY)

Load Case Comnments and
I.D. Load Comnlbatlont Notes Location Where this Case Is Analyzed

E3
E3.a D + H' + (PO, Pi) Vertical axis drop event E3.a Lid Docket 72-10083.E.8.2.1-2

(Note 2) Baseplate Docket 72-10083.1.8.3
Shell Buckking (methodology in 3.H of

Docket 72-1008)
Dooket 72 1008 3.H (Case 5) (Bucliing)
Supports N/A

E3.b D + H' + (Pi, P.) Side drop, 0 degree orientation
(Note 3) (Figure 3.1.2) E3.b Lid End drop bounds

Baseplate End drop bounds
Shell Table 3.4.6

E3.c D + H' + (Pi, P.) Side drop, 45 degree Supports Table 3.4.644
(Note 3) orientation (Figure 3.1.3) E3.c Lid End drop bounds

Baseplate End drop bounds
Shell Table 3.4.6
Supports Table 3.4.6,-3A.

E4 T Demonstrate that interference Section 3.4.4.2
with the overpack will not
develop for T.

I

I

t The symbols used for the loadings are defined in Table 2.2.13.
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TABLE 3.1.4 (CONTINUED)

LOADING CASES FOR THE, ENCLOSURE VESSEL (CONFINEMENT BOUNDARY)

(

Load Case Comments and
I.D. Load Combinationt Notes Location Where this Case Is Analyzed

Es Pi or P. + D + T Demonstrate compliance with Lid Docket 72-1008 3.E.8.2.1.3
(Note 1) level D stress limits - buckling Baseplate Docket 72-1008 3.1.8.4

stability. Shell Buckl/ng (methodologyi 3. HofDocket 72-
_1008F)

Dooket 72 1008 3.H (Cano 6) (buokling)
Docket 72-1008 3.4.4.3.1.5 (thennal stress)

Supports N/A

Notes:

1. Load Cases El.a, El.b, E2, and E5 are identical to the load cases presented in Docket Number 72-1008, Table 3.1.4. Design
pressures and MPC weights are identical.

2. Load Case E3.a is bounded by the 60g deceleration analysis performed for the HI-STAR 100 System in Docket Number 72-1008,
Section 3.4APpefidi* 3.AA. The HI-STORM 100 vertical deceleration loading is limited to 45g.

3. Load Cases E3.b and E3.c are analyzed in this HI-STORM 100 SAR for a 45g deceleration, while the MPC is housed within the HI-
STORM 100 storage overpack. The interface between the MPC shell and storage overpack is not identical to the MPC shell and HI-
STAR 100 overpack. The analysis for an MPC housed in Hi-TRAC is not performed since results are bounded by those reported in
the HI-STAR 100 TSAR for a 60g deceleration.

The symbols used for the loadings are defined in Table 2.2.13.

I'
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TABLE 3.1.5

LOAD CASES FOR THE HI-STORM 100 OVERPACK/HI-TRAC TRANSFER CASK

Load Case Loadilgt Notes Location in FSA R-Wheue4ies
I.D. 6aei Aaye

01 D + H + T + Vertical load handling of HI-STORM 100 Overpack 3.4.3.53D
(PMAPi) Overpack/HI-TRAC.

HI-TRAC
Shell 3.4.3.3,

3.4.3.43AE
Pool lid 3.4.3.83AB
Transfer lid 3.4.3.93.AD

02
02.a D + H' + (P,,,Pi) Storage Overpack: End drop; primary stress Overpack 3.4.4.3.2.3

intensities must meet level D stress limits.

02.b D + H' + (P0,Pi) HI-TRAC: Horizontal (side) drop; meet level D HI-TRAC
stress limits for NF Class 3 components away Shell 3.4.9.1-Z
from the impacted zone; show lids stay in-place. Transfer Lid 3.4.4.3.3.3
Show primary and secondary impact 3AD
decelerations are within design basis. Slapdown 3.4.9.23-AN
(This case is only applicable to HI-TRAC.)

02.c
D + H' Storage Overpack: Tip-over; any permanent Overpack 3.4.10, 3.A

deformations must not preclude ready retrieval
of the MPC.

l

I

t The symbols used for the loadings are defined in Table 2.2.13
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TABLE 3.1.5 (CONTINUED)

LOAD CASES FOR THE HI-STORM 100 OVERPACK/HI-TRAC TRANSFER CASK

(

Load Case Loadingt Notes Location in FSARWhere this
I.D. Caseis Analyzed
03 D (water Satisfy primary membrane plus bending stress 3.4.4.3.3.4

jacket) limits for water jacket (This case is only 3 l

___________ ______________ applicable to HI-TRAC).

04 M (penetrant Demonstrate that no thru-wall breach of the HI- Overpack 3.4.8.13G
missiles) STORM overpack or HI-TRAC transfer cask

occurs, and the primary stress levels are not HI-TRAC 3.4.8.2.1,
exceeded. Small and intermediate missiles are 3.4.8.2.2
examined for HI-STORM and HI-TRAC. Large 3ANi,344
missile penetration is also examined for HI-
TRAC.

05 PI Explosion: must not produce buckling or exceed 3.4.4.5.2,
primary stress levels in the overpack structure. 3.4. 7.2344

.1 | ' " ~~~~~~~.A

Notes:

1. Under each of these load cases, different regions of the structure are analyzed to demonstrate compliance.

t The symbols used for the loadings are defined in Table 2.2.13
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TABLE 3.1.6

DESIGN, LEVELS A AND B: STRESS INTENSITY

Code: ASME NB
Material: SA203-E
Service Conditions: Design, Levels A and B
Item: Stress Intensity

Temp. Classification and Value (ksi)
(Deg.F) S. PmtLt PL + Pbt PL + Pb + Qt? Pe

-20 to 100 23.3 23.3 35.0 35.0 69.9 69.9
200 23.3 23.3 35.0 35.0 69.9 69.9
300 23.3 23.3 35.0 35.0 69.9 69.9
400 22.9 22.9 34.4 34.4 68.7 68.7
500 21.6 21.6 32.4 32.4 64.8 64.8

Definitions:
Sm =

Pm =

PL =

Pb =

P, =

Q =

PL + Pb =

Stress intensity values per ASME Code
Primary membrane stress intensity
Local membrane stress intensity
Primary bending stress intensity
Expansion stress
Secondary stress
Either primary or local membrane plus primary bending

Definitions for Table 3.1.6 apply to all following tables unless modified.

Notes:

1. Limits on values are presented in Table 2.2.10.

t

tt
Evaluation required for Design condition only.
Evaluation required for Levels A and B only. P. not applicable to vessels.
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TABLE 3.1.7

LEVEL D: STRESS INTENSITY

Code:
Material:
Service Condition:
Item:

AS[E NB .
SA203-E
Level D
Stress Intensity

Classification and Value (ksi)
Temp. (Deg. F) - Pm PL PL + Pb

-20 to 100 49.0 70.0 70.0

200 49.0 70.0 70.0

300 49.0 70.0 70.0

400 48.2 68.8 68.8

500 45.4 64.9 64.9

Notes:

1. Level D allowables per NB-3225 and Appendix F, Paragraph F-1331.
2. Average primary shear stress across a section loaded in pure shear may not exceed 0.42 Su.
3. Limits on values are presented in Table 2.2.10.
4. Pm, PL, and Pb are defined in Table 3.1.6.
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TABLE 3.1.8

DESIGN, LEVELS A AND B: STRESS INTENSITY

Code:
Material:
Service Conditions:
Item:

ASME NB
SA350-LF3
Design, Levels A and B
Stress Intensity

Temp. Classification and Value (ksi)

(Deg.F) S, , PM, PLt PL + Pb PL + Pb +Qt Pe _

-20 to 100 23.3 23.3 35.0 35.0 69.9 69.9

200 22.8 22.8 34.2 34.2 68.4 68.4

300 22.2 22.2 33.3 33.3 66.6 66.6

400 21.5 21.5 32.3 32.3 64.5 64.5

500 20.2 20.2 30.3 30.3 60.6 60.6

600 18.5 18.5 27.75 27.75 55.5 55.5

700 16.8 16.8 25.2 25.2 50.4 50.4

Notes:

1. Source for Sm is ASME Code
2. Limits on values are presented in Table 2.2.10.
3. Sm, Pm, PL, Pb, Q, and Pe are defined in Table 3.1.6.

t Evaluation required for Design condition only.

tt Evaluation required for Levels A and B conditions only. Pe not applicable to vessels.
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TABLE 3.1.9

LEVEL D, STRESS INTENSITY

Code:
Material:
Service Conditions:
Item:

ASME NB
SA350-LF3
Level D
Stress Intensity

Tem:. :J Xg F) Classification and Value (ksi)
-__ PmTemp. (Deg.) PL PL + Pb

-20 to 100 49.0 70.0 70.0

200 48.0 68.5 68.5

300 46.7 66.7 66.7

400 45.2 64.6 64.6

500 42.5 60.7 60.7

600 38.9 58.4 58.4

700 35.3 53.1 53.1

Notes:

I.
2.
3.
4.

Level D allowables per NB-3225 and Appendix F, Paragraph F-133 1.
Average primary shear stress across a section loaded in pure shear may not exceed 0.42 Su
Limits on values are presented in Table 2.2.10.
Pm, PL, and Pb are defined in Table 3.1.6.
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TABLE 3.1.10

DESIGN AND LEVEL A: STRESS

Code:
Material:
Service Conditions:
Item:

ASME NF
SA516, Grade 70, SA350-LF3, SA203-E
Design and Level A
Stress

Classification and Value (ksl)
Temp. (Deg.F) S Membrane Stress Membrane plus

______ ______ _____ Bending Stress

-20 to 650 17.5 17.5 26.3

700 16.6 16.6 24.9

Notes:

1.
2.
3.

S = Maximum allowable stress values from Table IA of ASME Code, Section II, Part D.
Stress classification per Paragraph NF-3260.
Limits on values are presented in Table 2.2.12.
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TABLE 3.1.11

LEVEL B: STRESS

Code:
Material:
Service Conditions:
Item:

ASME NF
SA516, Grade 70, SA350-LF3, and SA203-E
Level B
Stress

-Classification and Value (ksi)
Temp. (Deg.F) . Membrane plus

Membrane Stress Bending Stress

-20 to 650 1 23.3 34.9

700 22.1 33.1

Notes:

1. Limits on values are presented in Table 2.2.12 with allowables from Table 3.1.10.
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TABLE 3.1.12

LEVEL D: STRESS INTENSITY

Code: ASME NF
Material: SAS16, Grade 70
Service Conditions: Level D
Item: Stress Intensity

Classification and Value (ksi)
Temp. (Deg.F)

S. P. P, + Pb

-20 to 100 23.3 45.6 68.4

200 23.1 41.5 62.3

300 22.5 40.4 60.6

400 21.7 39.1 58.7

500 20.5 36.8 55.3

600 18.7 33.7 50.6

650 18.4 33.1 49.7

700 18.3 32.9 49.3

Notes:

1.
2.
3.
4.

Level D allowable stress intensities per Appendix F, Paragraph F-1332.
Sm = Stress intensity values per Table 2A of ASMEE, Section IL, Part D.
Limits on values are presented in Table 2.2.12.
Pm and Pb are defined in Table 3.1.6.
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TABLE 3.1.13

DESIGN, LEVELS A AND B: STRESS INTENSITY

Code:
Material:
Service Conditions:
Item:

ASME NB
Alloy X
Design, Levels A and B
Stress Intensity

Temp - Classification and Numerical Value
Temp.

(Deg.F) S.pt Pi PL + Pbt PL+ ptt
_______ ~~~~~Pb+Qtt

-20 to 100 20.0 20.0 30.0 .30.0 60.0 60.0

200 20.0 20.0 30.0 30.0 60.0 60.0

300 20.0 20.0 30.0 30.0 60.0 60.0

400 18.7 18.7 28.1 28.1 56.1 56.1

500 17.5 17.5 26.3 26.3 52.5 52.5

600 16.4 16.4 24.6 24.6 49.2 49.2

650 16.0 16.0 24.0 24.0 48.0 48.0

700 15.6 15.6 23.4 23.4 46.8 46.8

750 15.2 15.2 22.8 22.8 45.6 45.6

800 14.9 14.9 22.4 22.4 44.7 44.7

Notes:

1. Sm = Stress intensity values per Table 2A of ASME LI, Part D.
2. Alloy X -S. values are the lowest values for each of the candidate materials at

temperature.
3. Stress classification per NB-3220.
4. Limits on values are presented in Table 2.2.10.
5. Pm, PL, Pb, Q, and P. are defined in Table 3.1.6.

t Evaluation required for Design condition only.
tt Evaluation required for Levels A, B conditions only. P. not applicable to vessels.
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TABLE 3.1.14

LEVEL D: STRESS INTENSITY

Code:
Material:
Service Conditions:
Item:

ASME NB
Alloy X
Level D
Stress Intensity

Temp. (Deg. Classification and Value (ksi)

F) P, PL PL + Pb

-20 to 100 48.0 72.0 72.0

200 48.0 72.0 72.0

300 46.2 69.3 69.3

400 44.9 67.4 67.4

500 42.0 63.0 63.0

600 39.4 59.1 59.1

650 38.4 57.6 57.6

700 37.4 56.1 56.1

750 36.5 54.8 54.8

800 35.8 53.7 53.7

Notes:

1.
2.

3.
4.

Level D stress intensities per ASME NB-3225 and Appendix F, Paragraph F-1331.
The average primary shear strength across a section loaded in pure shear may not exceed 0.42
Su.
Limits on values are presented in Table 2.2.10.
Pm, PL, and Pb are defined in Table 3.1.6.
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TABLE 3.1.15

DESIGN, LEVELS A AND B: STRESS INTENSITY

Code:
Material:
Service Conditions:
Item:

ASME NG
Alloy X
Design, Levels A and B
Stress Intensity

Temp ___Classification and Value (ksi)
Temp.

(Deg. F) S. Pm Pm- Pm+Pb p

-20 to 100 20.0 20.0 30.0 60.0 60.0

200 20.0 20.0 30.0 60.0 60.0

300 20.0 20.0 30.0 60.0 60.0

400 18.7 28.1 56.1 56.1

500 17.5 17.5 26.3 52.5 52.5

600 16.4 16.4 24.6 49.2 49.2

650 16.0 16.0 24.0 48.0 48.0

700 15.6 15.6 23.4 46.8 46.8

750 15.2 15.2 22.8 45.6 45.6

800 14.9 14.9 22.4 44.7 44.7

Notes:

1.
2.

3.
4.
5.

Sm = Stress intensity values per Table 2A of ASME, Section 1I, Part D.
Alloy X Sm values are the lowest values for each of the candidate materials at
temperature. -
Classifications per NG-3220.
Limits on values are presented in Table 2.2.11.
Pm, Pb, Q, and Pe are defined in Table 3.1.6.
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TABLE 3.1.16

LEVEL D: STRESS INTENSITY

Code:
Material:
Service Conditions:
Item:

ASMIE NG
Alloy X
Level D
Stress Intensity

Temp. Classiflcation and Value (ksi)
(Deg.F) Pm PL PL + Pb

-20 to 100 48.0 72.0 72.0

200 48.0 72.0 72.0

300 46.2 69.3 69.3

400 44.9 67.4 67.4

500 42.0 63.0 63.0

600 39.4 59.1 59.1

650 38.4 57.6 57.6

700 37.4 56.1 56.1

750 36.5 54.8 54.8

800 35.8 53.7 53.7

Notes:

1.
2.

3.
4.

Level D stress intensities per ASME NG-3225 and Appendix F, Paragraph F-1331.
The average primary shear strength across a section loaded in pure shear may not exceed 0.42
Su.
Limits on values are presented in Table 2.2.11.
Pm, PL and Pb are defined in Table 3.1.6.
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TABLE 3.1.17

REFERENCE TEMPERATURES AND STRESS LIMITS
FOR THE VARIOUS LOAD CASES

Load Case . Reference - Stress Intensity Allowables, ksi
LD. Materxal Temperatur&, ' F PM PL + Pb PL + Pb + Q

F1 AlloyX 725 15.4 23.1 46.2

F2 AlloyX 725 15.4 23.1 46.2

F3 AlloyX 725 36.9 55.4 NL

El AlloyX 5004 * 17.544 26.3;74 52.544 1
E2 AlloyX 50044 17.5484 26.374 52.544 |

E3 Alloy X 500464 42.0434 63.0& 4 tt -
E4 Alloy X 500450 17.544 26.374 52.544

E5 Alloy X 775 36.15 54.25 NL

Note:

2
1. - Q, P., PL, and Pb are defined in Table 3.1.6.

Reference temperaturesforLoad CasesEl-E4areforMPCshel4 for
MPClidand MPCbaseplate reference iemperatres are 550 deg.F and
400 deg J, respectivey (per Table 2 23) and stressi'utemsy allowables
should be adjusted according4.

tt

tf

Values for reference temperatures are taken as the design temperatures (Table 2.2.3)

NL: No specified limit in the Code
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TABLE 3.1.17 (CONTINUED)

REFERENCE TEMPERATURES AND STRESS LIMITS FOR THE VARIOUS LOAD
CASES

Load Reference Stress Intensity Allowables, ksi
Case Material Temperature,ttt P
I.D. ° F PO PL+Pb PL+Pb+Q

SA203-E 400 17.5 26.3 NLY

01 SA350-LF3 400 17.5 26.3 NL

SA515 Gr. 70 400 17.5 26.3 NL

SA203-E 400 41.2 61.7 NL

02 SA350-LF3 400 38.6 58.0 NL

SA516Gr. 70 400 39.1 58.7 NL

SA203-E 400 17.5 26.3 NL

03 SA3S0-LF3 400 17.5 26.3 NL
SA5i6Gr. 70 400 17.5 26.3 NL
SA515 Gr. 70 ______

SA203-E 400 41.2 61.7 NL

SA350-LF3 400 38.6 58.0 NL

SA516Gr. 70 400 39.1 58.7 NL
SA5 15 Or. 70 1__ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Note:
1.
2.

Pm, PL, Pb, and Q are defined in Table 3.1.6.
Load Cases 01 and 03 are for Normal Conditions; therefore the values listed refer to
allowable stress, not allowable stress intensity

Values for reference temperatures are taken as the design temperatures (Table
2.2.3).

t

tt For storage fire analysis, temperatures are defined by thermal solution

NL: No specified limit in the Code
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TABLE 3 .1.18t

FRACTURE TOUGHNESS TEST REQUIREMENTS

(

Material Test Requirement Test Temperature Acceptance Criterion
Bolting (A193 B7) Not required (per NF-23 1I(bX13) and

Note (e) to Figure NF-23 1(b)-i)

Ferritic steel with nominal Not required per NF-23 11 (bXl)
section thickness of 5/8" or less

SA516 Gr. 70, SA515 Or. 70 Not required per NF-231 1(bXl3) and
(normalized) (thickness less curve D in Figure NF-23 11 (b)- I
than or equal to 0.75 inch)

SA203, SA516 Gr. 70, SA350- Per NF-2331 See Note 1. (Also must meet ASME Table NF-2331(a)-3 or Figure NF-
LF2, SA350-LF3 (greater than Section 11A requirements) 2331 (a)-2
0.75" thick)

(Also must meet ASME Section 11A
requirements)

Weld material Test per NF-2430 for welds when base 40 deg.F (HI-STORM) Per NF-2330
metal impact testing is required. 0 deg.F (HI-TRAC) ("NF" parts)

40 deg.F (HI-TRAC)( "STH" parts)

Note:
1. Required NDT temperature = 40 deg.F for all parts in the HI-STORM 100 Overpack, 40 deg.F for HJ-TRAC "STH" parts,

and 0 deg.F for HI-TRAC "NF' parts.
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3.3 MECHANICAL PROPERTIES OF MATERIALS

Table 2.2.6 provides a comprehensive listing of materials of construction, applicable code, and ITS
designation for all functional parts in the HI-STORM 100 System. This section provides the
mechanical properties used in the structural evaluation. The properties include yield stress, ultimate
stress, modulus of elasticity, Poisson's ratio, weight density, and coefficient of thermal expansion.
Values are presented for a range of temperatures which envelopes the maximum and minimum
temperatures under all service conditions discussed in the preceding section where structural analysis
is performed.

The materials selected for use in the MPC, HI-STORM 100 Overpack, and HI-TRAC transfer cask
are presented in the Bills-of-Material in Section 1.5. In this chapter, the materials are divided into
two categories, structural and nonstructural. Structural materials are materials that act as load bearing
members and are, therefore, significant in the stress evaluations. Materials that do not support
mechanical loads are considered nonstructural. For example, the HI-TRAC inner shell is a structural
material, while the lead between the inner and outer shell is a nonstructural material. For
nonstructural materials, the only property that is used in the structural analysis is weight density. In
local deformation analysis, however, such as the study ofpenetration from a tornado-borne missile,
the properties of lead in HI-TRAC and plain concrete in HI-STORM 100, are included.

3.3.1 Structural Materials

3.3.1.1 AlloyX

A hypothetical material termed Alloy X is defined for all MPC structural components. The material
properties of Alloy X are the least favorable values from the set of candidate alloys. The purpose of a
least favorable material definition is to ensure that all structural analyses are conservative, regardless
ofthe actual MPC material. For example, when evaluating the stresses in the MPC, it is conservative
to work with the minimum values for yield strength and ultimate strength. This guarantees that the
material used for fabrication of the MPC will be of equal or greater strength than the hypothetical
material used in the analysis. In the structural evaluation, the only property for which it is not always
conservative to use the set of minimum values is the coefficient of thermal expansion. Two sets of
values for the coefficient ofthermal expansion are specified, a minimum set and a maximum set. For
each analysis, the set of coefficients, minimum or maximum that causes the more severe load on the
cask system is used.

Table 3.3.1 lists the numerical values for the material properties of Alloy X versus temperature.
These values, taken from the ASME Code, Section I, Part D [3.3.1], are used in all structural
analyses. The maximum temperatures in some MPC components may exceed the allowable limits of
temperature during short time duration loading operations, off-normal transfer operations, or storage
accident events. However, no maximum temperature fborAlloyX used at orwithin the confinement
boundary exceeds 1000TF. As shown in ASME Code Case N-47-33 (Class 1 Components in
Elevated Temperature Service, 1995 Code Cases, Nuclear Components), the strength properties of
austenitic stainless steels do not change due to exposure to 10000F temperature for up to 10,000
hours. Therefore, there is no significant effect on
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mechanical properties of the confinement or basket material during the short time duration loading.
A further description of Alloy X, including the materials from which it is derived, is provided in
Appendix I.A.

Two properties of Alloy X that are not included in Table 3.3.1 are weight density and Poisson's ratio.
These properties are assumed constant for all structural analyses, regardless of temperature. The
values used are shown in the table below.

PROPERTY VALUE

Weight Density (lb/in3) 0.290

Poisson's Ratio 0.30

3.3.1.2 Carbon Steel. Low-Alloy and Nickel Alloy Steel

The carbon steels in the HI-STORM 100 System are SA516 Grade 70 and SA515 Grade 70. The
nickel alloy and low alloy steels are SA203-E and SA350-LF3, respectively. These steels are not
constituents of Alloy X. The material properties of SA516 Grade 70 and SA5 15 Grade 70 are shown
in Tables 3.3.2. The material properties of SA203-E and SA350-LF3 are given in Table 3.3.3.

Two properties of these steels that are not included in Tables 3.3.2 and 3.3.3 are weight density and
Poisson's ratio. These properties are assumed constant for all structural analyses. The values used are
shown in the table below.

PROPERTY VALUE

Weight Density (lblm3 ) 0.283

Poisson's Ratio 0.30

3.3.1.3 Bolting Materials

Material properties of the bolting materials used in the HI-STORM 100 System and FH-TRAC lifting
trunnions are given in Table 3.3.4. The properties of representative anchor studs used to fasten lI-
STORM 100A are listed in Table 1.2.7.

3.3.1.4 Weld Material

All weld materials utilized in the welding ofthe Code components comply with the provisions ofthe
appropriate ASME subsection (e.g., Subsection NB for the MPC enclosure vessel) and Section IX.
All non-code welds will be made using weld procedures that meet Section IX of the ASME Code.
The minimum tensile strength of the weld wire and filler material (where applicable) will be equal to
or greater than the tensile strength of the base metal listed in the ASME Code.
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3.3.2 Nonstructural Materials

3.3.2.1 Solid Neutron Shield

The solid neutron shielding material in the HI-TRAC top lid and transfer lid doors is not considered
as a structural member of the HI-STORM 100 System. Its load canying capacity is neglected in all
structural analyses except where such omission would be non-conservative. The only material
property of the solid neutron shield that is important to the structural evaluation is weight density
(1.63g/cm3).

3.3.2.2 Beamf-Solid Neutron Absorber

BealThefuel basket solid neutron absorber is not a structural members of the HI-STORM 100
System. Its load carrying capacity is neglected in all structural analyses. The only material property
of BEkalkthe solid neutron absorber that is important to the structural evaluation is weight density. As
the MPC fuel baskets can be constructed with Befal neuron absorber panels of variable areal
density, the weight that produces the most severe cask load is assumed in each analysis (density
2.644 glc),).

3.3.2.3 Concrete

The primary function ofthe plain concrete in the El-STORM storage overpack is shielding. Concrete
in the HI-STORM 100 Overpack is not considered as a structural member, except to withstand
compressive, bearing, and penetrant loads. While concrete is not considered a structural member, its
mechanical behavior must be quantified to determine the stresses in the structural members (steel
shells surrounding it) under accident conditions. Table 3.3.5 provides the concrete mechanical
properties. Allowable, bearing strength in concrete for normal loading conditions is calculated in
accordance with ACI 318.1 [3.3.2]. The procedure specified in ASTM C-39 is utilized to verify that
the assumed compressive strength will be realized in the actual in-situ pours. In addition, although
the concrete is not reinforced (since the absence of reinforcement does not degrade the compressive
strength), the requirements of ACI-349 (3.3.3] are imposed to insure the suitability of the concrete
mix. Appendix 1.D provides additional information on the requirements on plain concrete foruse in
HI-STORM 100 storage overpack.

3.3.2.4 Lead

Lead is not considered as a structural member of the HI-STORM 100 System. Its load carrying
capacity is neglected in all structural analysis, except in the analysis of a tornado missile strike where
it acts as a missile barrier. Applicable mechanical properties of lead are provided in Table 3.3.5.

3.3.2.5 Aluminum Heat Conduction Elements

Optional aluminum heat conduction elements may be located between the fuel basket and MPC
vessel. They are optional thin flexible elements whose sole fimction is to transmit heat as described
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in Chapter 4. They are not credited with any siructural load capacity and are shaped to provide
negligible resistance to basket thermal expansion. The total weight of the aluminum inserts is less
than 1,000 lb. per MPC.

sI,
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- TABLE 3.3.1
ALLOY X MATERIAL PROPERTIES

Alloy X __ _ _ _ __ _ _ _

Temp.
(Deg. I) SY S Ma E

-40 30.0 75.0 8.54 8.55 28.82

100 30.0 75.0 8.54 8.55 28.14

150 27.5 73.0 8.64 8.67 27.87

200 25.0 71.0 8.76 8.79 27.6

250 23.75 68.5 8.88 8.9 27.3

300 22.5 66.0 8.97 9.0 27.0

350 21.6 65.2 9.10 9.11 26.75

400 20.7 64.4 - 9.19 9.21 26.5

450 20.05 64.0 9.28 9.32 26.15

500 19.4 63.5 9.37 9.42 25.8

550 18.8 63.3 9.45 9.50 25.55

600 18.2 63.1 9.53 9.6 25.3

650 17.8 62.8 9.61 9.69 25.05

700 17.3 62.5 9.69 9.76 24.8

750 16.9 62.2 9.76 9.81 24A5

800 16.6 61.7 9.82 9.90 24.1

Definitions:

Sy = Yield Stress (ksi)
a = Mean Coefficient of thermal expansion (infm. per degree F x 10')
S. = Ultimate Stress (ksi)
E = Youngs Modulus (psi x lo6)

Notes:
1. Source for Sy values is Table Y-1 of [3.3.1].
2. Source for S. values is Table U of [3.3.l].
3. Source for acx1 and ac, values is Table TE-1 of [3.3.1].
4. Source for E values is material group G in Table TM-1 of [3.3.1].
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TABLE 3.3.2
SA516 AND SA515, GRADE 70 MATERIAL PROPERTIES

(Deg.F)
SA516 and SA515, Grade 70

SY Su a E

-40 38.0 70.0 _ 29.95

100 38.0 70.0 5.53 (5.73) 29.34

150 36.3 70.0 5.71 (5.91) 29.1

200 34.6 70.0 5.89 (6.09) 28.8

250 34.15 70.0 6.09 (6.27) 28.6

300 33.7 70.0 6.26 (6.43) 28.3

350 33.15 70.0 6.43 (6.59) 28.0

400 32.6 70.0 6.61 (6.74) 27.7

450 31.65 70.0 6.77 (6.89) 27.5

500 30.7 70.0 6.91 (7.06) 27.3

550 29.4 70.0 7.06 (7.18) 27.0

600 28.1 70.0 7.17 (7.28) 26.7

650 27.6 70.0 7.30 (7.40) 26.1

700 27.4 70.0 7.41 (7.51) 25.5

750 26.5 69.3 7.50 (7.61) 24.85

Definitions:

Notes:
1.
2.
3.
4.
5.

SY = Yield Stress (ksi)
a = Mean Coeff;cient of thermal expansion (inmn. per degree F x 106)
S,= Ultimate Stress (ksi)
E =Young's Modulus (psiX 10)

Source for SY values is Table Y-1 of [3.3.1].
Source for S, va1ues is Table U of [3.3.1].
Source for a values is material group C in Table TE-1 of [3.3.1].
Source for E values is "Carbon steels with C less than or equal to 0.30%" in Table TM-I of [3.3.1].
Values for SA515 are given in parentheses where different from SA516.
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TABLE 3.33
SA350-LF3 AND SA203-E MATERIAL PROPERTIES

Temp. SA350-LF3 and LF2 SA350-LF3/SA203-E SA203-E

(Deg.F) Sm Su E a S. SY

-20 23.3 37.5 70.0 28.2 - 23.3 40.0 70.0
________ ~(36.0) _ _ _

100 23.3 37.5 70.0 27.6 6.27 23.3 40.0 70.0

200 22.8 34.2 68.5 27.1 6.54 23.3 36.5 70.0
_______ (21.9) (32.9) (70.0) ___:__

300 22.2 33.2 -66.7 26.7 6.78 23.3 35.4 70.0
(21.3) (31.9) (70.0) -

400 21.5 32.2 64.6 26.1 6.98 22.9 34.3 68.8
(20.6) (30.9) (70.0)

500 20.2 30.3 60.7 25.7 7.16 21.6 32.4 64.9
(19.4) (29.2) (70.0)

600 18.5 -(26.6) -(70.0) Mm -

_______ (17.8) _ _ _ _

700 16.8 -(26.0) -(70.0) - .
_ _ _ _ _ _ _ (1 7 .3 ) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Definitions:

Sm = Design Stress Intensity (ksi)
Sy= Yield Stress (ksi)
S= Ultimate Stress (ksi)
a = Coefficient of Thermal Expansion (inAm. per degree F x 10o)
E = Young's Modulus (psi x 10')

Notes:
1. Source for S. values is ASME Code.
2. Source for Sy values is ASME Code.
3. Source for S. values is ratioing S. values.
4. Source for a values is material group E in Table TE-1 of [3.3.1].
5. Source for E values is material group B in Table TM-i of (3.3.1].

6. Values for LF2 are given in parentheses where different from LF3
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TABLE 3.3.4
BOLTING MATERIAL PROPERTIES

Temp. (Deg.F) SB637-N07718

SY S. E a S.

-100 150.0 185.0 29.9 _ 50.0

-20 150.0 185.0 - - 50.0

70 150.0 185.0 29.0 7.05 50.0

100 150.0 185.0 - 7.08 50.0

200 144.0 177.6 28.3 7.22 48.0

300 140.7 173.5 27.8 7.33 46.9

400 138.3 170.6 27.6 7.45 46.1

500 136.8 168.7 27.1 7.57 45.6

600 135.3 166.9 26.8 7.67 45.1

SA193 Grade B7 (2.5 to 4 inches diameter)
Temp. (Deg. E a __
F) SYS.__a_

100 95.0 115.00 - 5.73

200 88.5 107.13 - 6.09

300 85.1 103.02 - 6.43

400 82.3 99.63 - 5.9

Definitions:
S. = Design stress intensity (ksi)
S, Yield Stress (ksi)
a =Mean Coefficient of thermal expansion (inJin. perdegree F x 10 )
S,= Ultimate Stress (ksi)
E = Young's Modulus (psi x 10')

Notes:
1. Source for S. values is Table 4 of [3.3.1].
2. Source for So values is ratioing design stress intensity values.
3. Source for S., values is ratioing design stress intensity values.
4. Source for a values is Tables TE-I and TE4 of [33.1], as applicable.
5. Source for E values is Table TM-I of [3.3.1].
6. Source for Sy values for SA193 bolts is Table Y-1 of [3.3.1]; source for S., is by ratioing Sy,.
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TABLE 3.3A (CONTINUED)
BOLTING MATERIAL PROPERTIES

SA193 Grade B7 (less than 2.5 inch diameter)

Temp. SY S. E a
(D eg.F)__ _ _ _ ___ _ _ _ _ _ _ _ _ _

100 105.0 125.00 5 5.73

200 98.0 116.67 - 6.09

300 94.1 112.02 - 6.43

400 91.5 108.93 6.74

Temp. SA705-630/SA564-630 (Age Hardened at 1075 degrees F)

(Deg.F) SY S. E a Sm

200 115.6 145.0 28.5 5.9

300 110.7 145.0 27.9 5.9

400 106.9 145.0 27.3 5.91

SA705-630/SA564-630 (Age Hardened at 1150 degrees F)

200 97.1 1135.0 28.5 f 5.9 1
300 93.0 1135.0 27.9 [5.9 _

Definitions:

Sm. Design stress intensity (ksi)
Sy = Yield Stress (ksi)
a = Mean Coefficient of thermal expansion (in.hm. per degree F x 10')
S. - Ultimate Stress (ksi)
E = Young's Modulus (psi x 10')

Notes:
1.
2.
3.
4.

Source for S. values is Table Y-l of [33.11.
Source for S. values is Table U of [3.3.1].
Source for a values is Tables TE-1 and TE-4 of t3.3.1], as applicable.
Source for E values is Table TM-I of [3.3.1].
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TABLE 3.3.5
CONCRETE AND LEAD MECHANICAL PROPERTIES

PROPERTY VALUE

CONCRETE:

Compressive Strength (psi) See Table ID.I

Nominal Density (lb/ft) See Table 1.D.1

Allowable Bearing Stress (psi) 1,823t

Allowable Axial Compression 1,266t
(psi)

Allowable Flexure, extreme 187"t
fiber tension (psi)

Allowable Flexure, extreme 2,145t
fiber compression (psi)

Mean Coefficient of Thermal 5.5E-06
Expansion (in/m/deg.F)

Modulus of Elasticity (psi) 57,000 (compressive strength (psi))Ia

LEAD: 40 0F -200F 70"F 2000F 3007F 6000F

Yield Strength (psi) 700 680 640 490 380 20

Modulus of Elasticity (ksi) 2.4E+3 2.4E+3 2.3E+3 2.0E+3 1.9E+3 1.5E+3

Coefficient of Thermal 15.6E-6 15.7E-6 16.JE-6 16.6E-6 17.2E-6 20.2E-6
Expansion (in/in/deg.F)

Poisson's Ratio 0.40

Density (lb/cubic ft.) 708

Notes:
1. Concrete allowable stress values based on ACI 318.1.
2. Lead properties are from [3.3.5].

tValues listed correspond to concrete compressive stress = 4,000 psi
tt No credit for tensile strength of concrete is taken in the calculations
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3.4 GENERAL STANDARDS FOR CASKS

3.4.1 Chemical and Galvanic Reactions

In this section, it is shown that there is no credible mechanism for significant chemical or galvanic
reactions in the HI-STORM 100 System during long-term storage operations (including HI-STORM
1O0S and HI-STORM 1O0A).

The MPC, which is filled with helium, provides a nonaqueous and inert environment Insofar as
corrosion is a long-term time-dependent phenomenon, the inert gas:environment in the MPC
precludes the incidence of corrosion during storage on the ISFSL Furthermore, the only dissimilar
material groups in the MPC are: (1) the neutron absorber material Beaffu-and stainless steel and
(2) aluminum and stainless steel. Neutron absorber materials Beal-and stainless steels have been
used in close proximity in wet storage for over 30 years. Many spent fuel pools at nuclear plants
contain fuel racks, which are fabricated from neutron absorber materials BEal-and stainless steel
materials, with geometries similar to the MPC. Not one case of chemical or galvanic degradation has
been found in fuel racks built by Holtec. This experience provides a sound basis to conclude that
corrosion will not occur in these materials. Additionally, the aluminum conduction inserts and
stainless steel basket are very close on the galvanic series chart. Aluminum, like other metals of its
genre (e.g., titanium and magnesium) rapidly passivates in an aqueous environment, leading to a thin
ceramic (A1203) barrier, which renders the material essentially inert and corrosion-free over long
periods of application. The physical properties of the material, e.g., thermal expansion coefficient,

UiffusiVity, and thermal conductivity, are essentially unaltered by the exposure of the aluminum
metal stock to an aqueous environment.

In erder to minimize the incidence of ahluinum water reaction inside the MPC during fuel loading
operation (when the MPC is flooded with pool water) al aluminum surfaces are pro passivated or
anodized before installation of Boral or optional aluminum heat conduction inscts in the MNW.
Because the aluminum water reartion cannot be completely eliminated by pro passivation and the
aluminum material in thc MPG will be under varying hydrostatic pressure levels (up to
approximately 10 feet of water pressure during fuel loading or unloading in the spent fel pool, and
upto approximately 15 feet during lid welding or cut-ing), continued generation oflimited quantities
of hydrogen is possible. Pre passivation has been shown by analysis to preclude the accumulation
of combustible quantities of gas under the hPG lid during welding or cutting. However, as a
defense in depth measure to preclude the potential for ignition duringthe conduct ofthese activities,
the operating proedures in Chapter 8 in c ld~ i rmwnt for periodi oembwstile sMontrn
and recommended actons to evacuate, orpurgethe space beneath the SC lid wih an inert gas prior
to and during lid welding end cutting activities.
The aluminum in the optional heat conduction elements will quickly passivate in air and in water to
form a protective oxide layer that prevents any significant hydrogen production during MPC cask
loading and unloading operations. The aluminum in the neutron absorber material (ie., Boral),
particularly in the core area, will also react with the water to generate hydrogen gas. The exact rate
of generation and total amount of hydrogen generated is ajfunction of a number of variables (see
Section 1.2.1.3.1.1) and cannot be predicted with anycertainty. Therefore, topreclude thepotential
for hydrogen ignition during lid welding or cutting, the operating procedures in Chapter 8 require
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monitoring for combustible gas and either exhausting or purging the space beneath the MPC lid
with an inertgas during these activities. Once the MPC cavity is drained, dried and backfilledwith J
helium, the source of the hydrogen gas (the aluminum-water reaction) is eliminated.

The EH-STORM 100 storage overpack and the HI-TRAC transfer cask each combine low alloy and
nickel alloy steels, carbon steels, neutron and gamma shielding materials, and bolting materials. All
of these materials have a long history of nongalvanic behavior within close proximity of each other.
The internal and external steel surfaces of each of the storage overpacks are sandblasted and coated
to preclude surface oxidation. The HI-TRAC coating does not chemically react with borated water.
Therefore, chemical or galvanic reactions involving the storage overpack materials are highly
unlikely and are not expected.

In accordance with NRC Bulletin 96-04 [3.4.7], a review of the potential for chemical, galvanic, or
other reactions among the materials of the HI-STORM 100 System, its contents and the operating
environments, which may produce adverse reactions, has been performed. Table 3.4.2 provides a
listing of the materials of fabrication for the HI-STORM 100 System and evaluates the performance
of the material in the expected operating environments during short-term loading/unloading
operations and long-term storage operations. As a result of this review, no operations were identified
which could produce adverse reactions beyond those conditions already analyzed in this FSAR.

3.4.2 Positive Closure

There are no quick-connect/disconnect ports in the confinement boundary of the HI-STORM 100
System. The only access to the MPC is through the storage overpack lid, which weighs over 23,000
pounds (see Table 3.2.1). The lid is fastened to the storage overpack with large bolts. Inadvertent
opening of the storage overpack is not feasible; opening a storage overpack requires mobilization of
special tools and heavy-load lifting equipment.

3.4.3 Lifting Devices

As required by Reg. Guide 3.61, in this subsection, analyses for all lifting operations applicable to
the deployment of a member ofthe HI-STORM 100 family are presented to demonstrate compliance
with applicable codes and standards.

The HI-STORM 100 System has the following components and devices participating in lifting
operations: lifting trunnions located at the top of the HI-TRAC transfer cask, lid lifting connections
for the HI-STORM 100 lid and for other lids in the H-TRAC transfer cask, connections for lifting
and carrying a loaded HI-STORM 100 vertically, and lifting connections for the loaded MPC.

Analyses of HI-STORM 100 storage overpack and HI-TRAC transfer cask lifting devices are
reported previded-in this submittal. Analyses of MPC lifting operations are presented in the HI- |
STAR 100 FSAR (Docket Number 72-1008, Subsection 3.4.3) and are also applicable here.

The evaluation of the adequacy of the lifting devices entails careful consideration of the applied
loading and associated stress limits. The load combination D+H where H is the "handling load", is
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the generic case for all lifting adequacy assessments. The term D denotes the dead load. Quite
obviously, D must be taken as the bounding value of the dead load of the component being lifted. in
all lifting analyses considered in this document, the handling load H is assumed to be O. S1D. In other
words, the inertia amplifier during the lifting operation is assumed to be equal to 0.1 5g. This value is
consistent with the guidelines of the Crane Manufacturers Association of America (CMAA),
Specification No. 70, 1988, Section 3.3, which stipulates a dynamic factor equal to 0.15 for slowly
executed lifts. Thus, the "apparent dead load" of the component for stress analysis purposes is D =

1I .15D. Unless otherwise stated, all lifting analyses in this report use the "apparent dead load", D, as
the lifted load.

Analysis methodology to evaluate the adequacy of the lifing device maybe analytical or numerical.
For the analysis of the trunnion, an accepted conservative technique for computing the bending stress
is to assume that the lifting force is applied at the tip of the trunnion "cantilever" and that the stress
state is fiully developed at the base of the cantilever. This conservative technique, recommended in
NUREG-1 536, is applied to all trunnion analyses presented in this SAR and has also been applied to
the tunnions analyzed in the rn-STAR 100 FSAR.

In general, the stress analysis to establish safety pursuant to NUREG-0612, Regulatory Guide 3.61,
and the ASME Code, requires evaluation of three discrete zones which may be referred to as (i) the
trunnion, (ii) the trunnion/component interface, hereinafter referred to as Region A, and (iii) the rest
of the component, specifically the stressed metal zone adjacent to Region A, herein referred to as
Region B. During this discussion, the term "trnnion" applies to any device used for lifting (i.e.,
trunnions, lift bolts, etc.)

Stress limits germane to each of the above three areas are discussed below:

.i. Trunnion: NUREG-0612 requires that under the "aprent dead load", D, the
maximum primary stress in the trunnion be less than 10% of the trunnion material
ultimate strength and less than 1/6th ofthe trunnion material yield strength. Because
ofthe materials of construction selected for trunnions in all HI-STORM 100 System
components, the ultimate strength-based limit is more restrictive in every case.
Therefore, all trunnion safety factors reported in this document pertain to the ultimate
strength-based limit.

ii. Region A: Trunnion/Component Interface: Stresses in Region A must meet ASME
Code Level A limits under applied load D*. Additionally, Regulatory Guide 3.61
requires that the primary stress under 3D*, associated with the cross-section, be less
than the yield strength of the applicable material. In cases involving section bending,
the developed section moment may be compared against the plastic moment at yield.
The circumferential extent of the . characteristic .cross-section at the
trunnion/component interface is calculated based on definitions from ASME Section
m, Subsection NB and is defined in terms of the shell thickness and radius of
curvature at the connection to the trunnion block. By virtue of the construction
geometry, only the mean shell stress is categorized as "primary" for this evaluation.
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im. Region B: Typically, the stresses in the component in the vicinity of the
trunnion/component interface are higher than elsewhere. However, exceptional
situations exist For example, when lifting a loaded MPC, the MPC baseplate,
which supports the entire weight of the fuel and the fuel basket, is a candidate
location for high stress even though it is far removed from the lifting location (which
is located in the top lid).

Even though the baseplate in the MPC would normally belong to the Region B
category, for conservatism it was considered as Region A in the HI-STAR 100 SAR.
The pool lid and the transfer lid of the H[-TRAC transfer cask also fall into this dual
category. In general, however, all locations of high stress in the component under D
must also be checked for compliance with ASME Code Level A stress limits.

Unless explicitly stated otherwise, all analyses of lifling operations presented in this report follow the
load definition and allowable stress provisions of the foregoing. Consistent with the practice adopted
throughout this chapter, results are presented in dimensionless form, as safety factors, defined as

Safety Factor, Allowable Stress in the Region Considered
Computed Maximum Stress in the Region

The safety factor, defined in the manner ofthe above, is the added margin over what is mandated by
the applicable code (NUREG-0612 or Regulatory Guide 3.61).

In the following subsections, we briefly describe each of the lifting analyses performed to
demonstrate compliance with regulations. Summary results are presented for each of the analyses.

It is recognized that stresses in Region A are subject to two distinct criteria, namely Level A stress
limits under D* and yield strength at 3D*. We will identify the applicable criteria in the summary
tables, under the column heading "Item", using the "3D*" identifier.

All of the lifting analyses reported on in this Subsection are designated as Load Case 01 in Table
3.1.5.

3.4.3.1 125 Ton HI-TRAC Lifting Analysis - Trunnions

The lifting device in the HI-TRAC 125 cask is presented in Holtec Drawing 1880 (Section 1.5
herein). The two lifting trunnions for HI-TRAC are spaced at 180 degrees. The tunnions are
designed for a two-point lift in accordance with the aforementioned NUREG-0612 criteria. Figure
3.4.21 shows the overall lifting configuration. Appendix 3.E contains the lifting trunnion stress
analysis for the M TRAC 125. Figures wfitn that appendix proAde detais to supporA the analysis.
The lifting analysis demonstrates It is demonstrated in Appendix 3.E that the stresses in the
trunnions, computed using the conservative methodology described previously, comply with
NUREG-0612 provisions.
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Specifically, the following results are obtained:

Hm-TRAC 125 Lifting Trunnionst

Value (ksi) Safety Factor

Bending stress 16.98 1.07

Shear stress -7.23 1.5 -

t The lifted load is 245,000 lb. (a value that bounds the actual lifted weight
from the pool after the lift yoke weight is eliminated per Table 3.2.4).

Note that the safety factor presented in the previous table represents the additional margin beyond the
mandated limit of 6 on yield strength and 10 on tensile strength. The results above are also valid for
the HI-TRAC 125D since the dimensions used as input inAppendix-&E, as well as the bounding I
load, are common to both the HI-TRAC 125 and 125D transfer casks. - -

3.43.2 125 Ton I-TRAC Lifting - Trunnion Liffing Block Welds. Bearingi and Thread
Shear Stress (Region A)

Appendix 3.E contains calculations tht analyze As part of the Region A evaluation, the weld group
connecting the lifting trunnion block to the inner and outer shells, and to the HI-TRAC top flange, is
analyzed. Conservative analyses are also performed to determine safety factors forbearing stress and
for thread shear stress at the interface between the trunnion and the trunnion block. The following
results are obtained for the E-TRAC 125 and 125D transfer casks:

125 Ton M-TRAC Lifting Trunnion Block (Region A Evaluation)

Item Value (ksl) Allowable (ksi) Safety Factor
Trunnion Block' 5.94 11.4 1.92
Bearing Stress

Trunnion Block 5.19 6.84 -1.32-
Thread Shear Stress -

Weld Shear Stress 4.40t 11A 2.59

(3D *) X _ __. -_ _ __E_ _

I No quality factor has been applied to the weld group. (Subsection NF or NUREG-0612 do
not apply penalty factors to the structural welds).'
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3.4.3.3 125 Ton HI-TRAC Lifting - Structure near Trunnion (Region B/Region A)

Appendix 3.AE contains results of a finite element analysis of the region in the HI TRAC 125
structure adjacent to the lifing trunnions. Appendix 3 .AE shows that the primary stresses in the HI
TRAC 125 structure comply with the Level A stress limits for Subsection NF strmutures.

A three-dimensional elastic model of the HI-TRAC 125 metal components is analyzed using the
ANSYS finite element code. Figue 3 A.1 shoes details ofthe one quater sy* metiy model using a
color coding to identii the various modeled parts. The structural model includes, in addition to the
trunnion and the trunnion block, a portion of the inner and outer HI-TRAC shells and the HI-TRAC
top flange. In Appendix 3 .AE, sStress results over the characteristic interface section are summarized
and compared with allowable strength limits per ASME Section m, Subsection NF, and per
Regulatory Guide 3.61. The results show that the primary stresses in the HI-TRAC 125 structure
comply with the Level A stress limits for Subsection NF structures.

The results fiom the analysis in Appendix 3.AE are summarized below: I

HI-TRAC 125 Trunnion Region (Regions A and B)

Item Value (ksi) Allowable (ksi) Safety Factor

Membrane Stress 6.19 17.5 2.83

Membrane plus 8.19 26.25 3.2
Bending Stress

Membrane Stress 18.6 34.6 1.86
(3 D))_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

The results above are also valid for the HI-TRAC 125D since the dimensions and the configuration
of the inner shell, outer shell, top flange, and the trunnion block are the same in both the HI-TRAC
125 and 125D transfer casks.

3.4.3.4 100 Ton HI-TRAC Lifting Analysis

The lifting trunnions and the trunnion blocks for the 100 Ton HI-TRAC are identical to the trunnions
analyzed in Appendices 3.E and 3.AE forthe 125 Ton HI-TRAC. However, the outer shell geometry
(outer diameter) is different A calculation performed in the spirit of strength-of-materials provides
justification that, despite the difference in local structure at the attachment points, thestresses in the
body of the HI-TRAC 100 Ton unit meet the allowables set forth in Subsection 3.1.2.2.

Figure 3.4.10 illustrates the differences in geometry, loads, and trunnion moment arms between the
body of the 125-Ton HI-TRAC and the body of the 100-Ton I-l-TRAC. It is reasonable to assume
that the level of stress in the 100 Ton HI-TRAC body, in the immediate vicinity of the interface
(Section X-X in Figure 3.4.10), is proportional to the applied force and the bending moment applied.
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in thefigure&Wat-fellews, the subscripts 1 and 0 refer to 100 Ton and 125 Ton casks, respectively.
Figure 3.4.10 shows the location ofthe area centroid (with respect to the outer surftce) and the loads
and moment arms associated with each construction. Conservatively, neglecting all other interfaces
between the top of the trunnion block and the top flange and between the sides ofthe trunnion block
and the shells, equilibrium is maintained by developing a force and a moment in the section
comprised of the two shell segments interfacing with the base of the trunnion block.

The most limiting stress state is in the outer shell at the trunnion block base interface. The stress
level in the outer shell at Section X-X is proportional to P/A + Mc/L Evaluating the stress for a unit
width of section permits an estimate of the stress state in the HE-TRAC 100 outer shell if the
corresponding stress state in the HM-TRAC 125 is known (the only changes are the applied load, the
moment arm and the geometry). Using the geometr shown in Figure 3.4.10 gives the result as:

Stress (HI-TRAC 100 outer shell) = 1.236 x Stress (HI-TRAC 125 outer shell)

The tabular results in the previous subsection can be adjusted accordingly and are reported below:-

100 Ton HI-TRAC Near Trunnion (Region A and Region B) I
Item Safety Factor

Membrane Stress 2.29

Membrane plus Bending Stress 2.59

Membrane Stress (3D*) --1.50

3.4.3.5 -11-STORM 100 Lifting Analyses

There are two vertical lifting scenarios for the HI-STORM 100 storage overpack carrying a fully
loaded MPC. Figure 3.4.17 shows a schematic of these lifting scenarios. Both lifting scenarios are
examined in Appeix 34D using finite element models that focus on the local regions near the lift
points. The analysis in Appendix. 3Dis based on the geometry of the HI-STORM 100; Pthe
alterations to the lid and to the length of the overpack barrel to configure the HI-STORM 1 OOS have
no effect on the conclusions reached in the area of the baseplate. Therefore, there is no separate
analysis forthe analysis ofthe baseplate, inboard of the inner shell, for the HI-STORM lOOS as the
results are identical to or bounded by the resultspresentedheredocumnented in Appendix 3.D. Since
the upper portion of the HI-STORM IOOS, the HI-STORM 100S lid, and the radial ribs and anchor
block have a different configuration than the HI-STORM 100, separate calculations have been
performed for these areas of the HI-STORM IOOS.

Scenario #1 considers a "bottom lift" where the fully loaded HI-STORM 100 storage overpack is
lifted vertically by four synchronized hydraulic jacks each positioned at one of the four inlet air
vents. This lift allows for installation and removal of 'air pads" which may be used for horizontal
positioning of HI-STORM 100 at the ISFSI pad.
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Scenario #2, labeled the "top lift scenario" considers the lifting of a filly loaded HI-STORM 100
vertically through the four lifting lugs located at the top end.

No structural credit is assumed for the HI-STORM concrete in either of the two lifting scenarios
except as a vehicle to transfer compressive loads.

For the bottom lift, a three-dimensional one-quarter symmetry finite element model of the bottom
region of the HI-STORM 100 storage overpack is constructed. The model includes the inner shell,
the outer shell, the baseplate, the inlet vent side and top plates, and the radial plates connecting the
inner and outer shells. Further details of the model are provided in Appendix 3.D. The key results are
contained in Figure 3.D.3 that shows the stress intensity distribution on the HM STORM 100 storage

For the analysis of the "top lift" scenario, a three-dimensional 1/8-symmetry finite element model of
the top segment of HI-STORM 100 storage overpack is constructed. The metal HI-STORM 100
material is modeled (shells, radial plates, lifting block, ribs, vent plates, etc.) using shell or solid
elements. Color coded views of the model are given in Figure 3.D.2. Lumped weights are used to
ensure that portions of the structure not modeled are, in fact, properly represented as part of a lifted
load. The model is supported vertically at the lifting lug. The results are reported in tabularform at
the end of this subsection.

Figures 3.D.4(a) through 3.D.1(c) and Figure 3.D.5(a) through 3.D.5(c) show the stress intensity
results under the lifted load and in the baseplate region, respectively.

To provide an alternate calculation to demonstrate that the bolt anchor blocks are adequate, we
compute the average normal stress in the net metal area ofthe block under three times the lifted load.
Further conservatism is introduced by including an additional 15% for dynamic amplification, i.e.,
the total load is equal to 3D*.

The average normal load in one bolt anchor block is

Load = 3 x 1.15 x 360,000 1b.14 = 310,500 lb. (Weight comes from Table 3.2.1)

The net area of the bolt anchor block is

Area = 5" x 5"- (3.14159/4)/4 x (3.25" x 3.25') = 16.70 sq. inch (Dimensions from BM-1575)

Therefore, the safety factor (yield strength at 350 degrees F/calculated stress from Table 3.3.3) is

SF = 32,700 psi/ (Load/Area) = 1.76
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Appendix 3D also examines the shear stress in the threads of the lifting block is also examined.
This analysis considers a cylindrical area of material under an axial load resisting the load by
shearing action. The diameter of the area is the basic pitch diameter of the threads, and the length of
the cylinder is the thread engagement length.

The analysis Apendi 3D also examines the capacity of major welds in the load path and the
compression capacity of the pedestal shield and pedestal shield shell. i.:

I1

The table below summarizes key results obtained from the analyses described above Eeported
detail in Appendi 3.D for the HI-STORM 100.

in-STORM 100 Top and Bottom LIfting AnaGues -

Item Value (IU) Allowable (ksl) Safety Factor

Primary Membrane plus Bending - Bottom Lift - 8.0 263 3.28
Inlet Vent Plates - Region B

Primary Membrane - Top Lift - Radial Rib Under 6.67 17.5 2.63
Lifting Block - Region B

Primary Membrane plus Bending - Top Lift - 7.0 26.3 3.75
Baseplate - Region B

Primary Membrane 19.97 33.15 1.66
Region A (3D')

Primary Membrane plus Bending Region A (3D*) 24.02 33.15 - 1.38

Lifting Block Threads - Top Lift -Region A (3D*) 10.67 19.62 1.84

Lifting Stud - Top Lift-Region A (3D*) 43.733 108.8 2.49

Welds - Anchor Block-to-Radial Rib Region B 5.74 19.695 3.43

Welds-Anchor Block-to-Radial Rib RegionA 17.21 19.62 A 1.14
(3D*) 1 211

Welds - Radial Rib-to-InnCr and Outer Shells 5.83 21.00 3.60
Region B
Welds - Radial Rib-to-Inner and Outer Shells 17.49 19.89 1.13
Region A (3D*) __-_-_:

Weld - Baseplate-to Inner Shell Region A (3D*) 1.59 , 19.89 12.48

Weld - Baseplate-to-Inlet Vent Region A (3D*)14:89 19.89 1.33

Pedestal Shield Concrete (3D*)0.096 1.266 13.19

Pedestal Shell (3D*) 3.269 33.15 10.14

$ Regions A and B are defined at beginning of Subsection 3.4.3
The lifted load is 360000 lb. and an inertia amplification of 15% is included.

It is concluded that all structural integrity requirements are met during a lift of the HI-STORM 100
storage overpack under either the top lift or the bottom lift scenario. All factors of safety are greater
than 1.0 using criteria from the ASME Code Section III, Subsection NF for Class 3 plate and shell
supports and from USNRC Regulatory Guide 3.61.
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Similar calculations have been performed for the HI-STORM 100S where differences in
configuration warrant The results are summarized in the table below:

HI-STORM 100S Top and Bottom Lifting Analyses"_

Item Value (l Allowable (ksi) Safety Factor

Primary Membrane plus Bending - Bottom Lift - 9.824 33.15 3.374
Inlet Vent Plates - Region A (3D*)

Lifting Block hreads - Top Lift -Region A 5.540 18.840 3.40
(3D*)

Lifting Stud - Top Lift-Region A (3D*) 49.199 83.7 1.70

Welds - Anchor Block-to-Radial Rib Region B 5.483 21.0 3.83

Welds - Anchor Block-to-Radial Rib Region A 16.469 18.84 1.144
(3D*)

Welds - Radial Rib-to-Inner and Outer Shells 5.56 21.00 3.77
Region B

Welds - Radial Rib-to-Inner and Outer Shells 16.69 19.89 1.19
Region A (3D*)

Weld-Baseplate-to Inner Shell Region A (3D*) 1,592 19.89 12.49

Weld - Baseplate-to-Inlet Vent Region A (3D*) 8.982 19.89 2.214

Radial Rib Membrane Stress - Bottom Lift 10.58 33.15 3.132
Region A (3D5)__

Pedestal Shield Concrete (3D*) 0.095 1.535 16.17

Pedestal Shell (3D) 3.235 33.15 10.24

t Regions A and B are defined at beginning of Subsection 3.4.3
The lifted load is 405,000 lb. and an inertia amplification of 15% is included. The increased
weight (over the longer HI-STORM 100) comes from conservatively assuming an increase in
concrete weight density in the HI-STORM I OOS overpack and lid to provide additional safety
margin.

It is concluded that all structural integrity requirements are met during a lift of the HI-STORM 100
and HI-STORM lOOS storage overpacks under either the top lift or the bottom lift scenario. All
factors of safety are greater than 1.0 using criteria from the ASME Code Section a, Subsection NF
for Class 3 plate and shell supports and from USNRC Regulatory Guide 3.61.
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3.4.3.6 MPC Lifting Analysis

The WC lifting analyses are found in the HI-STAR 100 FSAR (Docket-72-1008). Some results of
the analyses in that document (Appendices 3.K, 3.E, 3.1 and 3.Y Docket-72-1008) are summarized
here for completeness.

| Summary of MPC Lifting Analyses

- Item Thread Engagement - Region A Safety Region B Safety
Safety Factor (NUREG- Factor - Factort

X_ _ __ _ _ __ _ 0612) - - _

MPC 1.08 1.09 1.56

t The factor reported here is for the MPC baseplate considered under a load equal to 3D*.

3.4.3.7 Miscellaneous Lid Lifting Analyses

Appendix 3.AC contains analyses of liffing attachments for Variou lid liftng operations.

The HI-STORM 100 lid lifting analysis is performed to ensure that the threaded connections
provided in the lid are adequately sized. The lifting analysis of the top lid is based on a vertical
orientation of loading from an attached lifting device. The top lid of the HI-STORM 100 storage
overpack is lifted using four lugs that are threaded into holes in the top plate of the lid (Holtec
Drawing 1495, Section 1.5). It is noted that failure ofthe lidatachmentwouldnotresult in anyevent
of safety consequence because a free-falling HI-STORM 100 lid cannot strike a stored MPC (due to
its size and orientation). Operational limits on the carry height ofthe HI-STORM 100 lid above the
top of the storage overpack containing a loaded MPC preclude any significant lid rotation out of the
horizontal plane in the event of a handling accident. Therefore, contact between the top of the WPC
and the edge of a dropped lid due to uncontrolled lowering of the lid during the lid placement
operation is judged to be a non-credible scenario. pC provides an example of Au
commercially available item that has the appropriate safety factors to serve a lifting device for the
HI STOR};tI00 over-paktpepid; Except for location ofthe lift points, the lifting device for the HI-

STORM 100S lid is the same as for the regular HI-STORM 100 lid. Since the lid weight for the 111-
STORM IOOS bounds the HI-STORM 100, the' calculated safety factors for the lifting of the HI-
STORM IOOS lid are reduced and are also reported in the summary table below.

In addition to the HI-STORM 100 top lid lifting analysis, Appendix 3.AC also contrns details ofthe
strength qualification of the ethe-lid lifting holes, and associated lid lifting devicesfor the Hl-TRAC
pool lid and top lid has been performed. The qualification is based on the Regulatory Guide 3.61
requirement that a load factor of 3 results in stresses less than the yield stress.-Lifting of theH
TRAC 125 pool lid and top lid are considered in Appendix 3.AC. The results for the IH-TRAC 125
bound the results for the HI-TRAC 125D, and the HI-TRAC 100, since the lid weights used in the
calculation Appendix 3AC-are greater than or equal to all other Hl-TRAC lid weights. In addition,
the HI-TRAC 125D has larger diameter lifting holes in its pool lid, which provide greater capacity
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for lifting. Example commercially available lifting structures are considered inAppendi3Arand
it is shown that thread engagement lengths are acceptable. Loads to lifting devices are permitted to
be at a maximum angle of 45 degrees from verticaL A summary of resulIts from Appendix 3.AC, I
pertaining to the various lid lifting operations, is given in the table below:

Summary of ITORM 100 Lid Lifting Analyses

Item Dead Load (lb) Minimum Safety Factor

HI-STORM 100 (100S) Top 23,000 (25,500) 1.978 (1.784)
Lid Lifting _

HI-TRAC Pool Lid Lifting 12,500 4.73

HI-TRAC Top Lid Lifting 2,750 11.38

The analysis Appendix 3.AG-demonstrates that thread engagement is sufficient for the threaded
holes used solely for lid lifting and that commercially available lifting devices engaging the threaded
holes, are available. We note that all reported safety factors are based on an allowable strength equal
to 33.3% of the yield strength of the lid material when evaluating shear capacity of the internal
threads and based on the working loads of the commercially available lifting devices associated with
the respective threaded holes.

3.4.3.8 HI-TRAC Pool Lid Analysis - Lifting MPC From the Spent Fuel Pool (Load Case 01
in Table 3.1.5)

During lifting of the MPC from the spent fuel pool, the HI-TRAC pool lid supports the weight of a
loaded MPC plus water (see Figure 3.4.21). Appendix 3AB details th"Calculations are performed
to show structural integrity under this condition for both the IH-TRAC 100 and the HI-TRAC 125
transfer casks. In accordance with the general guidelines set down at the beginning of Subsection
3.4.3, the pool lid is considered as both Region A and Region B for evaluating safety factors. The
analysis in Appendix 3.AB shows that the stress in the pool lid top plate is less than the Level A
allowable stress under pressure equivalent to the heaviest MPC, contained water, and lid self weight
(Region B evaluation). Stresses in the lids and bolts are also shown to be below yield under three
times the applied lifted load (Region A evaluation using Regulatory Guide 3.61 criteria). The
threaded holes in the HI-TRAC pool lid are also examined for acceptable engagement length under
the condition of lifting the MPC from the pool. This analysis is performed in Appendix 3.AC. It is
demonstrated in Appendix3.Athat the pool lid peripheral bolts have adequate engagement length
into the pool lid to permit the transfer of the required load. The safety factor is defined based on the
strength limits imposed by Regulatory Guide 3.61.
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The following table summarizes the results of the analysesfor the HI-T7AC pool in
Appendix 3.AG and the thrd engement calcuation in Appendix 3.AG, as well as the results of
similar calculations for the MH-TRAC 125D. Results given in the following table compare calculated
stress (or load) and allowable stress (or load). In all cases, -the safety factor is defined as the
allowable value divided by the calculated value.

- HI-TRAC Pool lid Lifting a toaded MPC Evaluatont :

Item Value (ki)Allowable (ksl) Safety Factor

Lid Bending Stress - HI-TRAC 125 - Region B 10.1 263 2.604
Analysis - Pool Lid Top Plate ._._.___.

Lid Bending Stress - HITRAC 125 - Region B 5.05 263 5.208
Analysis - Pool Lid Bottom Plate

Lid Bending Stress - H-TRAC 100 - Region B 10.06 263 2.614
Analysis- Pool Lid Top Plate -_._-_._._

Lid Bending Stress - HI-TRAC 100 - Region B 6.425 263 4.093
Analysis- Pool Lid Bottom Plate _

Lid Bending Stress - HI-TRAC 125D - Region B 10.1 26.3 2.604
Analysis - Pool Lid Top Plate

Lid Bending Stress - HI-TRAC 125D -Region B 5.05 .263 5.208
Analysis - Pool Lid Bottom Plate

Lid Bolt Stress - HI-TRAC 125 - (3D-) 18.92 95.0 5.02

Lid Bolt Stress -HI-TRAC 100 - (3D*) 18.21 95.0 5216

Lid Bolt Force - HI-TRAC 125D - (3D*) 25.77t 54.05t 3.262

Lid Bending Stress - HI-TRAC 125 - Region A 303 33.15 1.094
Analysis - Pool Lid Top Plate (3D*)_

Lid Bending Stress - HI-TRAC 125 - Region A 15.15 33.15 - 2.188
Analysis - Pool Lid Bottom Plate (3D*)__

Lid Bending Stress -I-TRAC 100 - Region A 30.19 33.15 1.098
Apalysis- Pool Lid Top Plate (3D*) .

Lid Bending Stress -HI-TRAC 100 - Region A 19.8 33.15 1.72
Analysis- Pool Lid Bottom Plate (3D") .

Lid Bending Stress - HI-TRAC 125D - Region A 303 33.15 1.094
Analysis - Pool Lid Top Plate (3D")_

Lid Bending Stress -I-TRAC 125D - Region A .15.15 = 33.15 2.188
Analysis- Pool Lid Bottom Plate (3D") .

Lid Thread Engagement Length (HE-TRAC 125) 13751 324.6? 2.362
t Region A and B defined at beginning of Subsection 3.43.
t Calculated and allowable value for this item in (kips).
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3.4.3.9 4HI-TRAC Transfer Lid Analysis - Lifting MPC Away from Spent Fuel Pool (Load
Case 01 in Table 3.1.5)

During transfer to or from a storage overpack using a HI-TRAC 125 or a HI-TRAC 100, the Hl-
TRAC transfer lid supports the weight of a loaded MPC. Figure 3.4.21 illustrates the lift operation.
In accordance with the general lifting analysis guidelines, the transfer lid should be considered as
both a Region A (Regulatory Guide 3.61 criteria) and a Region B location (ASME Section m,
Subsection NF for Class 3 plate and shell structures) for evaluation of safety factors. Appendices
3.AD and 3 AJ present analyses and results for tThe HI-TRAC 125 transfer lid and the HI-TRAC
100 transfer lid are analyzed separately because of differences in geometry-respeetvly. The HI-
TRAC 125D employs a specially designed mating device in combination with the pool lid to transfer
a loaded MPC to or from a storage overpack. Thus, a transfer lid analysis is not performed for the
HI-TRAC 125D. Results for the HI-TRAC 125D pool lid are presented in the previous subsection.

It is shown in the above mentioned appendices that the transfer lid doors can support a loaded MIPC
together with the door weight without exceeding ASME NF stress limits and the more conservative
limits of Regulatory Guide 3.61. It is also shown that the connecting structure transfers the load to
the cask body without overstress. The following tables summarize the results for both H-TRAC
casks:

I

fH-TRAC 125 Transfer Lid - Lifting Evaluatlont

Item Value (ksl) Allowable (ksi) Safety Factor

HI-TRAC 125 - Door 9.381 32.7 3.486
Plate- (3D*)

HI-TRAC 125 - Door 3.127 26.25 8.394
Plate - Region B

HI-TRAC 125 - Wheel 26.91 36.0 1.338
Track (3D*)__

HI-TRAC 125-Door 7.701 26.25 3.409
Housing Bottom Plate-
Region B

HI-TRAC 125-Door 23.103 32.7 1.415
Housing Bottom Plate-
(3D*)

HI-TRAC 125-Door 4.131 32.7 7.913
Housing Stiffeners- (3D*)

HI-TRAC 125 -Housing 29.96 57.5 1.919
Bolts-Region B

HI-TRAC 125 -Housing 89.88 95.0 1.057
Bolts (3D*)

HI-TRAC 125 - Lid Top 30.907 32.7 1.058
Plate (3D*) I

Region A and B defined at beginning of Subsection 3.4.3
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HI-TRAC 100 Transfer Lid - Liftng Evaluationt

-Item Value (ksl) Allowable (ksi) Safety Factor

ifI-TRAC 100 - Door Plate - (3D*) 22.188 32.7 1.474

HI-TRAC 100 - Door Plate - Region 7.396 - 26.25 3.549

Efi-TRAC 100 - Wheel Track (3D*) 13.011 36.0 2.767

HI-TRAC 100 -DoorHousing Bottom 7.447 26.25 3.525
Plate- Region B.

Hl-TRAC 100 - Door Housing Bottom 22.336 32.7 1.464
Plate- (3D t)

HI-TRAC 100- 4.917 32.7 6.65
Door Housing Stiffeners, (3D*)_

HM-TRAC 100 -Welds Connecting 11.802 32.7 2.771
Door Housing Stiffeners (3D*)_

EII-TRAC 100 - Housing Bolts-Region 22.478 57.5 2.558

HI-TRAC 100 -Housing Bolts (3D*) 67.423 95.0 1.409

HI-TRAC 100 - Lid Top Plate (3D t) 19.395 32.7 1.686

Region A and B defined at beginning of Subsection 3.4.3 -

3.4.3.10 HI-TRAC Bottom Flange Evaluation during Lift (Load Case 01 in Table 3.1.5)

During a lifting operation, the HI-TRAC transfer cask body supports the load of a loaded MPC, and
the transfer lid (away from the spent fuel pool) or the pool lid plus contained water (lifting from the
spent fuel pool). In either case, the load is transferred to the bottom flange of HI-TRAC through the
bolts and a state of stress in the flange and the supporting inner and outer shells is developed. Figure
3.4.21 illustrates the lifting operation. Appendix 3.AE provides the evaluation oftThis area of the
li-TRAC 125 is analyzed to demonstrate that the required limits on stress are maintained for both
ASME and Regulatory Guide 3.61. The bottom flange is considered as an annular plate subject to a
total bolt load acting at the bolt circle and supported by reaction loads developed in the inner and
outer shells of HI-TRAC. The solution for maximum flange bending stress is found in the classical
literature and stresses and corresponding safety factors developed for the bottom flange and for the
outer and inner shell weld shear stress. Since the welds are partial penetration, weld stress evaluation
bounds an evaluation of direct stress. The table below summarizes the results of the evaluationsn
Appendix 3AE.

Safety Factors In HI-TRAC Bottom Flange During a Lift Operation
Item Value(ksi) Allowable(ksi) Safety Factor

Bottom Flange - 7.798 26.25 3.37
Region B : -- _ - _ : __ __

Bottom Flange (3D t ) 23.39 -33.15- 1.42
Outer Shell (3D*) 4.773 33.15 6.94
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The results above bound the results for the H[-TRAC 125D since the dimensions used as input in
Appendix 3AE-for the inner shell, the outer shelL and the bottom flange (including the bolt circle
diameter) are the same in both the HI-TRAC 125 and 125D transfer casks. In addition, the bottom
flange ofthe HI-TRAC 125D is reinforced by eight gusset plates, whereas the HI-TRAC 125 bottom
flange is not reinforced.

3.4.3.11 Conclusion

Synopses of lifting device, device/component interface, and component stresses, under all
contemplated lifting operations for the HI-STORM 100 System have been presented in the
foregoing. The HI-STORM storage overpack and the HI-TRAC transfer cask have been evaluated for
limiting stress states. The results show that all factors of safety are greater than 1.

3.4.4 Heat

The thermal evaluation of the rH-STORM 100 System is reported in Chapter 4.

3.4.4.1 Summary of Pressures and Temperatures

Design pressures and design temperatures for all conditions of storage are listed in Tables 2.2.1 and
2.2.3, respectively.

3.4.4.2 Differential Thermal Expansion

Consistent with the requirements of Reg. Guide 3.61, Load Cases Fl (Table 3.1.3) and E4 (Table
3.1.4) are defined to study the effect of differential thermal expansion among the constituent
components in the HI-STORM 100 System. Tables 1.4.9,1.4.10, 4.4.26,4.4.27, and 4.1.36 provide
tMhe temperatures necessary to perform the differential thermal expansion analyses for the MPC in
the HI-STORM 100 and HI-TRAC casks are provided in Chapter 4-respectively. The material
presented in the remainder of this paragraph Subsection 4.4.5 demonstrates that a physical
interference between discrete components ofthe HI-STORM 100 System (e.g., storage overpack and
enclosure vessel) will not develop due to differential thermal expansion during any operating
condition.

3.4.4.2.1 Normal Hot Environment

Closed form calculations are performed in Subsection 4.4.5 to demonstrate that initial gaps between
the rn-STORM 100 storage overpack or the HI-TRAC transfer cask and the MPC canister, and
between the MPC canister and the fuel basket, will not close due to thermal expansion of the system
components under loading conditions, defined as Fl and E4 in Tables 3.1.3 and 3.1.4, respectively.
To assess this in the most conservative manner, the thermal solutions computed in Chapter 4,
including the thermosiphon effect, are surveyed for the following information.
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* The radial temperature distribution in each of the fuel baskets at the location of peak center
metal temperature.

* The highest and lowest mean temperatures of the canister shell for the hot environment
condition.

The iANn and outer surface temperature of the HI S 100 oage vepAck and the H
TRAC tansfrer a_ at-zlctino ihst and lowest iufietmeratur-e (which wl
produce the lowest mean temperatur-e).-

Tables4.4.9,4.4.10,and4.4.26,..27,and..36 present the resulting temperatures usedinthe
evaluation of the MPC expansion in the HI-STORM 100 storage overpack. Table 4.5.2 presents
similar results for the UPC in the H[I-TRAC tranisfer cask.

Using the temperature information in the above-mentioned tables, simplified thermoelastic solutions
of equivalent axisymmetric problems are used to obtain conservative estimates of gap closures. The
following procedure, which conservatively neglects axial variations in temperature distribution, is
utilized.

1. Use the surface temperature information for the fuel basket to define a parabolic
distribution in the fuel basket that bounds (from above) the actual temperature
distribution. Using this result, generate a conservatively high estimate of the radial
and axial growth of the different fuel baskets using classical closed form solutions for
thermoelastic deformation in cylindrical bodies.

2. Use the temperatures obtained for the canister to predict an estimate ofthe radial and
axial growth of the canister to check the canister-to-basket gaps.

3. Use the temperatures obtained for the canister to predict an estimate ofthe radial and
axial growth of the canister to check the canister-to-storage overpack and canister-to-
H-TRAC gaps.

1-.- Use the storage overpack and if TRAC Dmrface temperatures to construct a
lega-ri.nie. temper-atr distribution (c-hract eristi of athick walled ylinder) at {he
location used for canister thermal growth calculations; and use this distribution to
predict an estimate of storage overpack or-I TRAC (as applicable) radial and axial

45. For given initial clearances, compute the operating clearances.

The'calculation procedure outlined above is used in Appendix 3.1 (HI TRAC), and in Appendicees
3.U, 3.V, 3.W, and 3.AQ (HI STORM 100 storage overpackwithMPC 24, MPC 32,MPC 68, and
24ETspeofiveW. The results are summarized in the tables given below Subsection 4.4.5 for normal
storage conditions. It can be verified by referring to the Design Drawings provided in Section 1.5 of
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this report and Subsection 4.4.5, that the clearances between theMPC basket and canister structure,
as well as that between the MPC shell and storage overpack or HI-TRAC inside surface, are
sufficient to preclude a temperature induced inte ferencefrom differential thermal expansions under
normal operating conditions.
The worst ease MPC is evaluated in the Il TA transf erask, in lieu of-all ADC deiggns. Inal
caser- mfe minimal inixa § raal gan between MU anA evernac in usea a tas initial naiV~~~~~~~~~~~----A ----- z -- -F-- V_-A _ws VTIV --- -- V--- - -- - - --K --- -- --- - - - -- --- Ir - ---

n{-MEBMOELASn DSPLAC99 I N ni P DHIBM STOMMRMA4 1-0-0 STO>G
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It can be verfied by referring to the Design Drwings povded in Sectin 1.5 of this r-epoAt and th
foregoing table, that the clearances behween the MPC b-aket and canister structure, as well as that
between the MPG shell and storage overpack or HI TRAC inside surface, are sufficient to preclude a
temperature induced interference from differential thermal expansions under normal operating
conditions
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3.4.4.2.2 Fire Accident

It is shown in Chapter 11 that the fire accident has a small effect on the MPC-temperatures because
of the short duration of the fire accidents and the large thermal inertia of the storage overpack.
Therefore, a structural evaluation of the MPC under the postulated fire event is not required. The
conclusions reached in Subsection 3.4.4.2.1 are also appropriate for the fire accident with the MPC
housed in the storage overpack. Analysis of fire accident temperatures ofthe MPC housed within the
HI-TRAC for thermal expansion is unnecessary, as the HI-TRAC, directly exposed to the fire,
expands to increase the gap between the Hi-TRAC and MPC.

As expected, the external surfaces of the HI-STORM 100 storage overpack that are directly exposed
to the fire event experience maximum rise in temperature. The outer shell and top plate in the top
lid are the external surfaces that are in direct contact with heated air from fire. The table below,
extracted from data provided in Chapter 1 1, provides the maximum temperatures attained at the key
locations in HI-STORM 100 storage overpack under the postulated fire event.

Maximum Fire ConditionComponent
CopX Temperature (Deg. F)

Storage Overpack Inner Shell 300
Storage Overpack Radial Concrete Mid-Depth, 235473

Storage Overpack Outer Shell 585-P4
Storage Overpack Lid <585574

The following conclusions are readily reached from the above table.

* The maximum metal temperature of the carbon steel shell most directly exposed to the
combustion air is well below 6000F (Table 2.2.3 applicable short-term temperature limit). 6000 F
is well below the permissible temperature limit in the ASME Code for the outer shell material.

* The bulk temperature of concrete is well below the normal condition temperature limit of 3000 F
specified in Table 2.2.3 and Appendix 1 D. ACI-349 permits 350°F as the short-term temperature
limit; the shielding concrete in the HI-STORM 100 Overpack, as noted in Appendix 1 .D, will
comply with the specified compositional and manufacturing provisions of ACI-349. As the
detailed information in Section 11.2 shows, the radial extent in the concrete where the local
temperature exceeds 3501F begins at the outer shell/concrete interface and ends in less than one-
inch. Therefore, the potential loss in the shielding material's effectiveness is less than 4% ofthe
concrete shielding mass in the overpack annulus.

* The metal temperature of the inner shell does not exceed 3000F at any location, which is below
the accidentnemi4 condition temperature limit of 400354F specified in Table 2.2.3 for the
inner shell.

* The presence of a stitch weld between the overpack inner shell and the overpack top plate
ensures that there will be no pressure buildup in the concrete annulus due to the concrete losing
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water that then turns to steam.

The above summary confirms that the postulated fire event will notjeopardize the structural integrity
of the rIn-STORM 100 Overpack or significantly diminish its shielding effectiveness.

The above conclusions, as relevant, also apply to the HI-TRAC fire considered in Chapter I 1. Water
jacket over-pressurization is precluded bythe safety valve set point. The non-structural effects of loss
of water have been evaluated in Chapter 5 and shown to meet regulatory limits. Therefore, it is
concluded that the postulated fire event will not cause significant loss in storage overpack or HI-
TRAC shielding function.

3.4.4.3 Stress Calculations

This subsection presents calculations of the stresses in the different components of the rIn-STORM
100 System from the effects of mechanical load case assembled in Section 3.1. Loading cases for the
MPC fuel basket, the MPC enclosure vessel, the HI-STORM 100 storage overpack and the HI-
TRAC transfer cask are listed in Tables 3.1.3 through 3.1.5, respectively. The load case identifiers
defined in Tables 3.1.3 through 3.1.5 denote the cases considered.

The purpose of the analyses is to provide the necessary assurance that there will be no unacceptable
risk of criticality, unacceptable release of radioactive material, unacceptable radiation levels, or
impairment of ready retrievability of fuel from the MPC and the MPC from the Hr-STORM 100
storage overpack or from the HI-TRAC transfer cask.

For all stress evaluations, the allowable stresses and stress intensities for the various HI-STORM 100
System components are based on bounding high metal temperatures to provide additional
conservatism (Table 3.1.17 for the MPC basket, for example).

In addition to the loading cases germane to stress evaluations mentioned above, three cases
pertaining to the stability of HI-STORM 100 are also considered (Table 3.1.1).

The results of various stress calculations on components are reported. The calculations are either
performed directly as part ofthe text, or carried out in a separate calculation report a ed
in an appendix (see the list of all suppering appendices pravided in Seetion 3.6) that provides details
of strength of materials evaluations or finite element numerical analysis. The specific calculations
reported in this subsection are:

1. MPC stress calculations
2. HII-STORM 100 storage overpack stress calculations
3. HI-TRAC stress calculations

The MPC calculations reported in this document are complemented by analyses in the HI-STAR 100
Dockets. As noted earlier in this chapter, calculations for MPC components that are reported in HI-
STAR 100 FSAR and SAR (Docket Numbers 72-1008 or 71-9261) are not repeated here unless
geometry or load changes warrant reanalysis. For example, analysis ofthe MPC lid is not included in
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this submittal since neither the MPC lid loading nor geometry is affected by the MPC being placed in
HI-TRAC or HI-STORM 100. MPC stress analyses reported herein focus on the basket and canister
stress distributions due to the design basis (45g) lateral deceleration imposed by a non-mechanistic
tip-over ofthe HI-STORM 100 storage overpack or a horizontal drop of HI-TRAC. In the submittals
for the HI-STAR 100 FSAR and SAR (Docket Numbers 72-1008 and 71-9261, for storage and
transport, respectively), the design basis deceleration was 60g. In this submittal the design basis
deceleration is 45g. However, since the geometry of the MPC external boundary condition, viz.
canister-to-storage overpack gap, has changed, a reanalysis of the MPC stresses under the lateral
deceleration loads is required. This analysis is performed and the results are summarized in this
subsection.

The HI-STORM 100 storage overpack and the HI-TRAC transfer cask have been evaluated for
certain limiting load conditions that are gennane to the storage and operational modes specified for
the system in Tables 3.1.1 and 3.1.5. The determination of component safety factors at the locations
considered in the HI-STORM 100 storage overpack and in the HI--TRAC transfer cask is based on
the allowable stresses permitted by the ASME Code Section m, Subsection NF for Class 3 plate and
shell support structures.

3.4.4.3.1 MPC Stress Calculations

The structural function of the MPC in the storage mode is stated in Section 3.1. The calculations
presented here demonstrate the ability ofthe MPC to perform its structural function. The purpose of
the analyses is to provide the necessary assurance that there will be no unacceptable risk of
criticality, unacceptable release of radioactive material, or impairment of ready retrievability.

3.4.4.3.1.1 Analysis of Load Cases E.3.b. E.3.c (Table 3.1.4) and F.3.b. F.3.c (Table 3.1.3)

Analyses are performed for each of the MPC designs. The following subsections describe the model,
individual loads, load combinations, and analysis procedures applicable to the MPC. Unfortunately,
unlike vertical loading cases, where the analyses performed in the HI-STAR 100 dockets remain
fully applicable for application in HI-STORM 100, the response of the MPC to a horizontal loading
event is storage overpack-geometry dependent. Under a horizontal drop event, for example, the MPC
and the fuel basket structure will tend to flatten. The restraint to this flattening offered by the storage
overpack will clearly depend on the difference in the diameters of the storage overpack internal
cavity and that of the outer surface of the MPC. In the HI-STORM 100 storage overpack, the
diameter difference is larger than that in HI-STAR 100; therefore, the external restraint to MPC
ovalization under a horizontal drop event is less effective. For this reason, the MPC stress analysis
for lateral loading scenarios must be performed anew for the HI-STORM 100 storage overpack; the
results from the HI-STAR 100 analyses will not be conservative. The HI-TRAC transfer casks and
HI-STAR 100 overpack inner diameters are identical. Therefore, the analysis of the MPC in the HI-
STAR 100 overpack under 60g's for the side impact (Docket 72-1008) bounds the analysis of the
MPC in the HI-TRAC under 45g's.V
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Description of Finite Element Models of the MPCs Under Lateral Loading

A finite element model of each MPC is used to assess the effects of the accident loads. The models
are constructed using ANSYS [3.4. 11, and they are identical to the models used in Holtec's HI-STAR
100 submittals in Docket Numbers 72-1008 and 71-9261. The following model description is
common to all MPCs.

The MPC structural model is two-dimensional. It represents a one-inch long cross section of the
MPC fuel basket and MPC canister.

The MPC model includes the fuel basket, the basket support structures, and the MPC shell. A basket
support is defined as any structural member that is welded to the inside surface of the MPC shell. A
portion of the storage overpack inner surface is modeled to provide the correct restraint conditions
for the MPC. Figures 3.4.1 through 3.4.9 show typical MPC models. The fuel basket support
structure shown in the figures is a multi-plate structure consisting of solid shims or support members
having two separate compressive load supporting members. For conservatism in the finite element
model some dual path compression members (i.e., 'V' angles) are simulated as single columns.
Therefore, the calculated stress intensities in the fuel basket angle supports from the finite element
solution are conservatively overestimated in some locations.

The ANSYS model is not intended to resolve the detailed stress distributions in weld areas.
Individual welds are not included in the finite element model. A separate analysis for basket welds
and for the basket support "V" angles is perfoed outside of ANSYScontained in Appendix 3.Y.

No credit is taken for any load support offered by the neutron absorber Befa-panels, sheathing, and |
the aluminum heat conduction elements. Therefore, these so-called non-structural members are not
represented in the model. The bounding MPC weight used, however, does include the mass
contributions of these non-structural components.

The model is built using five ANSYS element types: BEAM3, PLANE82, CONTAC12,
CONTAC26, and COMBIN14. The fuel basket and MPC shell are modeled entirely with two-
dimensional beam elements (BEAM3). Plate-type basket supports are also modeled with BEAM3
elements. Eight-node plane elements (PLANE82) are used for the solid-type basket supports. The
gaps between the fuel basket and the basket supports are represented by two-dimensional point-to-
point contact elements (CONTAC 12). Contact between the MPC shell and the storage overpack is
modeled using two-dimensional point-to-ground contact elements (CONTAC26) with an appropriate
clearance gap.

Two orientations of the deceleration vector are considered. The 0-degree drop model includes the
storage overpack-MPC interface in the basket orientation illustrated in Figure 3.1.2. The 45-degree
drop model represents the storage overpack-MPC interface with the basket oriented in the manner of
Figure 3.1.3. The 0-degree and the 45-degree drop models are shown in Figures 3.4.1 through 3.4.6.
Table 3.4.1 lists the element types and number of elements for current MPC's.
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A contact surface is provided in the model is-used for drop analyses to represent the inteface
between the storage overpack channels and the WPC. As the MPC makes contact with the
storage overpack, the MPC shell deforms to mate with the channels that are welded at equal
intervals around the storage overpack inner surface. The nodes that define the elements -
representing the fuel basket and the WC shell are located along the centerline of the plate
material. As a result, the line of nodes that forms the perimeter of the MPC shell is inset from
the real boundary by a distance that is equal to half of the shell thickness. In order to maintain 'the
specified MPC shell/storage overpack gap dimension, the radius of the storage overpack channels
isdecreasedbyanequalamountinthemodel.

The three discrete components of the Hl-STORM 100 System, namely the fuel basket, the MPC
shell, and the storage overpack or HI-TRAC transfer cask, are engineered with small diametral
clearances which are large enough to permit unconstrained thermal 'expansion of the three
components under the rated (maximum) heat duty condition. A small diametral gap under ambient
conditions is also necessary to assemble the system without physical interference between the
contiguous surfaces of the three components. The required gap to ensure unrestricted thermal
expansion between the basket and the MPC shell is small and will further decrease under maximum
heat load conditions, but will introduce a physical nonlinearity in the structural events involving
lateral loading (such as side drop of the system) under ambient conditions. It is evident from the
system design drawings that the fuel basket that is non-radially symmetric is in proximate contact
with the MPC shell at a discrete number of locations along the circumferences. At these locations,
the MPC shell, backed by the channels attached to the storage overpack, provides a support line to
the fuel basket during lateral drop events. Because the fuel basket, the MPC shell, and the storage
overpack or HI-TRAC are all three-dimensional structural weldments, their inter-body clearances
may be somewhat uneven at different azimuthal locations. As the lateral loading is increased,
clearances close at the support locations, resulting in the activation of the support from the storage
overpack or HI-TRAC.

The bending stresses in the basket and the MPC shell at low lateral loading levels which are too
small to close the support location clearances are secondary stresses since further increase in the
loading will activate the storage overpack's or HI-TRAC's transfer cask support action, mitigating
further increase in the stress. Therefore, to compute primary stresses in the basket and the MPC shell
Amder Uteradrop events; the gaps should be assumed to be closed. However, in the analyses, we
have conservatively assumed that an initial gap of 0.1875" exists, in the direction of the applied
deceleration, at all support locations between the fuel basket and the MPC shell and that the
clearance gap between the shell and the storage overpack at the support locations is 3/16". In the
evaluation of safety factors for the MPC-24, MPC-32, and PC-68, the total stress state produced by
the applied loading on these configurations is -conservatively compared with primary stress levels,
even though the self-limiting stresses should be considered secondary in the strict definition of the
Code. To illustrate the conservatism,- we have eliminated the secondary stress (that develops to close
the clearances) in the comparison with primary stress allowable values and report safety factors for
the MPC-24E that are based only on primary stresses -necessary to maintain equilibrium with the
inertia forces.
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ANSYS requires that for a static solution all bodies be constrained to prevent rigid body motion.
Therefore, in the 0 degree and 45 degree drop models, two-dimensional linear spring elements
(COMBIN14)join the various model components, i.e., fuel basket and enclosure vessel, at thepoint
of initial contact This provides the necessary constraints for the model components in the direction
of the impact By locating the springs at the points of initial contact, where the gaps remain closed,
the behavior of the springs is identical to the behavior of a contact element. Linear springs and
contact elements that connect the same two components have equal stiffness values.

Description of Individual Loads and Boundary Conditions Applied to the MPCs

The method of applying each individual load to the MPC model is described in this subsection. The
individual loads are listed in Table 2.2.14. A free-body diagram ofthe MPC corresponding to each
individual load is given in Figures 3.4.7-3.4.9. In the following discussion, reference to vertical and
horizontal orientations is made. Vertical refers to the direction along the cask axis, and horizontal
refers to a radial direction.

Quasi-static structural analysis methods are used. The effects of any dynamic load factors (DLFs) are
included in the final evaluation of safety factors. All analyses are carried out using the design basis
decelerations in Table 3.1.2.

The MPC models used for side drop evaluations are shown in Figures 3.4.1 through 3.4.6. In each
model, the fuel basket and the enclosure vessel are constrained to move only in the direction that is
parallel to the acceleration vector. The storage overpack inner shell, which is defined by three nodes
needed to represent the contact surface, is fixed in all degrees of freedom. The fuel basket, enclosure
vessel, and storage overpack inner shell -are all connected at one location by linear springs, as
described in Subsection 3.4.4.3.1.1 (see Figure 3.4.1, for example). Detailed side drop evaluations
here focus on an MPC within a HI-STORM 100 storage overpack. Since the analyses performed in
Docket Number 72-1008 for the side drop condition in the HI-STAR 100 storage overpack
demonstrates a safe condition under a 60g deceleration, no new analysis is required for the MPC and
contained fuel basket and fuel during a side drop in the HI-TRAC, which is limited to a 45g
deceleration (HI-TRAC and HI-STAR 100 overpacks have the same inside dimensions).

Accelerations

During a side impact event, the stored fuel is directly supported by the cell walls in the fuel basket
Depending on the orientation of the drop, 0 or 45 degrees (see Figures 3.4.8 and 3.4.9), the fuel is
supported by either one or two walls. In the finite element model this load is effected by applying a
uniformly distributed pressure over the full span of the supporting walls. The magnitude of the
pressure is determined by the weight of the fuel assembly (Table 2.1.6), the axial length of the fuel
basket support structure, the width of the cell wall, and the impact acceleration. It is assumed that
the load is evenly distributed along an axial length of basket equal to the fuel basket support
structure. For example, the pressure applied to an impacted cell wall during a 0-degree side drop
event is calculated as follows:

11-STORM FSAR Proposed Rev. 2B
REPORT HI-2002444 3.4-24



Lc

where:
p= pressure

= ratio of the impact acceleration to the gravitational acceleration

W = weight of a stored fuel assembly

L = axial length of the fuel basket support structure

c = width of a cell wall

For the case of a 45-degree side drop the pressure on any cell wall equals p (defined above) divided
by the square root of 2.

It is evident from the above that the effect of deceleration on the fuel basket and canister metal
structure is accounted for by amplifying the gravity field in the appropriate direction.

Internal Pressu're

Design internal pressure is applied to the MPC model. The inside surface of the enclosure vessel
shell is loaded with pressure. The magnitude of the internal pressure applied to the model is taken
from Table 2.2.1.

For this load condition, the center node of the fuel basket is fixed in all degrees of-freedom to
numerically satisfy equilibrium.

Temperature

Temperature distnibutions are developed in Chapter 4 and applied as nodal temperatures to the finite

element model of the MPC enclosure vessel (confinement boundaiy). Maximum design beat load has
been used to develop the temperature distribution used to demonstrate compliance with ASME Code
stress intensity levels.

Analysis Procedure

The analysis procedure for this set of load cases is as follows:

1. The stress intensity and deformation field due to the combined loads is determined by

the finite element solution. Results are postprocessed and tabulated in the calculation
package associated with this FSAR.
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2. The results for each load combination are compared to allowables. The comparison
with allowable values is made in Subsection 3.4.4.4.

3.4.4.3.1.2 Analysis of Load Cases El.a and El.c (Table 3.1.4)

Since the MPC shell is a pressure vessel, the classical Lame's calculations should be performed to
demonstrate the shell's performance as a pressure vessel. We note that dead load has an insignificant
effect on this stress state. We first perform calculations for the shell under internal pressure.
Subsequently, we examine the entire confinement boundary as a pressure vessel subject to both
internal pressure and temperature gradients. Finally, we perform confirmatory hand calculations to
gain confidence in the finite element predictions.

The stress from internal pressure is found for normal and accident pressures conditions using
classical formulas:

Define the following quantities:

P = pressure, r = MPC radius, and t = shell thickness.

Using classical thin shell theory, the circumferential stress, a1 = Pr/t, the axial stress 02 = Pr/2t, and
the radial stress a3 = -P are computed for both normal and accident internal pressures. The
results are given in the following table (conservatively using the outer radius for r):

Classical Shell Theory Results for Normal and Accident Internal Pressures

Item GI (psi) C2 (PSI) 03 (Psi) GI - 3 (Psi)

P- 100 psi 6838 3419 -100 6938

P= 200 psi 13675 6838 -200 13875

Finite Element Analysis (Load Case El.a and El.c of Table 3.1.4)

The MPC shell, the top lid, and the baseplate together form the confinement boundary (enclosure
vessel) for storage of spent nuclear fuel. In this section, we evaluate the operating condition
consisting of dead weight, internal pressure, and thermal effects for the hot condition of storage. The
top and bottom plates of the MPC enclosure vessel (EV) are modeled using plane axisymmetric
elements, while the shell is modeled using the axisymmetric thin shell element. The thickness ofthe
top lid varies in the different MPC types; for conservative results, the minimum thickness top lid is
modeled. The temperature distributions for all MPC constructions are nearly identical in magnitude
and gradient and reflect the thermosiphon effect inside the MPC. Temperature differences across the
thickness of both the baseplate and the top lid exist during HI-STORM 100's operations. There is
also a thermal gradient from the center of the top lid and baseplate out to the shell wall. The metal
temperature profile is essentially parabolic from the centerline of the MPC out to the MPC shell.
There is also a parabolic temperature profile along the length of the MPC canister. Figure 3.4.11
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shows a sketch of the confinement boundary structure with identifiers A-I locating points where
temperature input data is used to represent a continuous temperature distribution for analysis
purposes. The overall dimensions of the confinement boundary are also shown in the figure.

The desired temperatures for confinement thermal stress analysis are determined from the thermal
numerical analyses that support Tables 4.4.9, 4.4.10, 444-9-and 4..26,andA4A2 in Chapter 4.
The MPC-68 is identified to have the maximum through thickness thermal gradients. Detailed stress
analyses are performed only for the MPC-68; these results are representative for all MPCs.

Figure 3.4.12 shows details of the finite element model of the top lid, canister shell, and baseplate.
The top lid is modeled with 40 axisymmetric quadrilateral elements; the weld connecting the lid to
the shell is modeled by a single element solely to capture the effect of the top lid attachment to the
canister offset firom the middle surface of -the top lid. The MPC canister is modeled by 50
axisymmetric shell elements, with 20 elements concentrated in a short length of shell appropriate to
capture the so-called 'bending boundary layer" at both the top and bottom ends of the canister. The
remaining 10 shell elements model the MPC canister structure away from the shell ends in the region
where stress gradients are expected to be of less importance. The baseplate is modeled by 20
axisymmetric quadrilateral elements. Deformation compatibility at the connections is enforced at the
top by the single weld element, and deformation and rotation compatibility at the bottom by
additional shell elements between nodes 106-107 and 107-108.

The geometry of the model is listed below (terms are defined in Figure 3.4.12):

H= 9.5" (the minimum thickness lid is assumed)

RL= 0.5 x 67.25" (Bill of Materials for Top Lid)

LPc 190.5" (Drawing 1996, Sheet 1)

ts = 0 5" : 0.5X

tEPr = - 0.5 x 68.375"

3= 24ijt 12" (the "bending boundary layer")

Stress analysis results are obtained for two cases as follows:

a. internal pressure= 100 psi

b. internal pressure = 100 psi plus applied temperatures

For this configuration, dead weight of the top lid acts to reduce the stresses due to pressure. For
example, the equivalent pressure simulating the effect of the weight of the top lid is an external
pressure of 3 psi, which reduces the pressure difference across the top lid to 97 psi. The dead weight
of the top lid is neglected to provide additional conservatism in the results. The dead weight of the
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baseplate, however, adds approximately 0.73 psi to the effective internal pressure acting on the base.
The effect of dead weight is still insignificant compared to the 100 psi design pressure, and is
therefore neglected. The thermal loading in the confinement vessel is obtained by developing a
parabolic temperature profile to the entire length of the MPC canister and to the top lid and
baseplate. The temperature data provided at locations A-I in Figure 3.A.11 and 3.4.12 are sufficientto
establish the profiles. Through-thickness temperatures are assumed linearly interpolated between top
and bottom surfaces of the top lid and baseplate.

Finally, in the analysis, all material properties and expansion coefficients are considered to be
temperature-dependent in the model

Results for stress intensity are reported for the case of internal pressure alone and for the combined
loading of pressure plus temperature (Load Case EI.c in Table 3.1.4). Tables 3.4.7 and 3.4.8 report
results at the inside and outside surfaces of the top lid and baseplate at the centerline and at the
extreme radius. Canister results are reported in the 'bending boundary layer" and at a location near
mid-length of the MWC canister. In the tables, the calculated value is the value from the finite
element analysis, the categories are Pm = primary membrane; PL + Pb = local membrane plus primary
bending; and PL + Pb + Q = primary plus secondary stress intensity. The allowable strength value is
obtained from the appropriate table in Section 3.1 for Level A conditions, and the safety factor SF is
defined as the allowable strength divided by the calculated value. Allowable strengths for Alloy X
are taken at 550300 degrees F, 400 degrees F, and 500 degrees F, respectively, for the MPC lid,
baseplate, and canister shell at the bottom of the MPC and 500 degrees F at the top of the NIPC.
These temperatures reflect actual operating conditions per Table 1.1.19. The results given in Tables
3.4.7 and 3.4.8 demonstrate the ruggedness of the MPC as a confinement boundary.

The results in Table 3.4.7 and 3.4.8 also show that the baseplate and the shell connection to the
baseplate are the most highly stressed regions under the action of internal pressure. To confirm the
finite element results, we perform an alternate closed form solution using classical plate and shell
theory equations that are listed in or developed from the reference (Timoshenko and Woinowsky-
Krieger, Theory of Plate and Shells, McGraw Hill, Third Edition).

Assuming that the thick baseplate receives little support against rotation from the thin shell, the
bending stress at the centerline is evaluated by considering a simply supported plate of radius a and
thickness h, subjected to lateral pressure p. The maximum bending stress is given by

- ~~~~~3 (3 +v) p a )2
8 h

where:

a = .5 x 68.375"

h= 2.5"

V = 0.3 (Poisson's Ratio)
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p = 100 psi

Calculating the stress in the plate gives o 23,142 psi.

Now consider the thin WC shell (t = 0.5") and first assume that the baseplate provides a clamped
support to the shell. Under this condition, the bending stress in the thin shell at the connection to the
plate is given as

c~p =3P pa (1-v2) =10,553 psi

In addition to this stress, there is a component of stress in the shell due to the baseplate rotation that
causes the shell to rotate. The joint rotation is essentially driven by the behavior of the baseplate as a
simply supported plate; the shell offers little resistance because of the disparity in thickness and will
essentially follow the rotation of the thick plate.

Using formulas from thin shell theory, the additional axial bending stress in the shell due to this
rotation e can be written in the form

e
7Be 12 D. 6-2

t

where

6=pa /8D(1+v)*() a)

and

Eli 3
D- 12(1-I) E=plateYoung~sModulus

a= 26at3
h 3 (1 + v)
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Et3

12(1- v )

fl2
= 43(1 V2) /at

Substituting the numerical values gives

ase = 40,563 psi

We note that the approximate solution is independent of the value chosen for Young's Modulus as
long as the material properties for the plate and shell are the same.

Combining the two contributions to the shell bending stress gives the total extreme fiber stress in the
longitudinal direction as 51,116 psi.

The baseplate stress value, 23,142 psi, compares well with the finite element result 20,6011A528 psi
(Table 3.4.7). The shell joint stress, 51,116 psi is greater than the finite element result
(43, 64543,986 psi in Table 3.4.7). This is due to the local effects ofthe shell-to-baseplate connection
offset. That is, the connection between shell and baseplate in the finite element model is at the
surface of the baseplate, not at the middle surface of the baseplate. This offset will cause an
additional bending moment that will reduce the rotation of the plate and hence, reduce the stress in
the shell due to the rotation of the baseplate.

In summary, the approximate closed form solution confirms the accuracy of the finite element
analysis in the baseplate region.

From Table 2.2.1, the off-normal design internal pressure is 110 psi, or ten percent greater than the
normal design pressure. Whereas Level A service limits are used to establish allowables for the
normal design pressure, Level B service limits are usedfor off-normal loads. Since Subsection NB
oftheASME Code permits an identical 10% increase in allowable stress intensity valuesforprimary
stress intensities generated by Level B Service Loadings, it stands to reason that the safety factors
reported in Tables 3.4.7 and 3.4.8 bound the case of off-normal design internal pressure.

Under the accident pressure, the MPC baseplate experiences bending. Table NB-32 17-1 permits the
bending stress at the outer periphery of the baseplate and in the shell wall at the connection to be
considered as a secondary bending stress if the primary bending stress at the center of the baseplate
can be shown to meet the stress limits without recourse to the restraint provided by the MPC shell.
To this end, the bending stress at the center of the baseplate is computed in a conservative manner
assuming the baseplate is simply supported at the periphery. The bending stress for a simply
supported circular plate is

a = (9 / 8)p(rt 2
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At the accident pressure, conservatively set at twice the normal operating pressure, the maximum
stress is:

Bending stress at center of baseplate = 46,284 psi

Since this occurrence is treated as a Level D event, the stress intensity is compared with the limit
from Table 3.1.14 and the safety factor computed as, "SF", where

SF 5 67,49-00 psil(46,284+200) psi = 1.459

3.4.4.3.1.3 Elastic Stability and Yielding of the MPC Basket under Compression Loads (Load
Case F3 in Table 3.1.3)

This load case corresponds to the scenario wherein the loaded MPC is postulated to drop causing a
compression state in the fuel basket panels.

a. Elastic Stability

Following the provisions of Appendix F of the ASME Code [3.4.3] for stability analysis of
Subsection NG structures, (F-1331 .5(aXl)), a comprehensive buckling analysis is performed using
ANSYS. For this analysis, ANSYS's large deformation capabilities are used. This feature allows
ANSYS to account for large nodal rotations in the fuel basket, which are characteristic of column
buckling. The interaction between compressive and lateral loading, caused by the deformation, is
exactly included. Subsequent to the large deformation analysis, the basket panel that is most
susceptible to buckling failure is identified by a review of the results. The lateral displacement of a
node located at the mid-span of the panel is measured for the range of impact decelerations. The
buckling or collapse load is defined as the impact deceleration for which a slight increase in its
magnitude results in a disproportionate increase in the lateral displacement.

The stability requirement for the MPC fuel basket under lateral loading is'satisfied if two-thirds of
the collapse deceleration load is greater than the design basis horizontal acceleration (Table 3.1.2).
This analysis was performed for the CH-STAR 100 submittal (Docket Number 72-1008) under a 60g
deceleration loading. Within the HI-STAR 100 FSAR (Docket Number 72-1008), Figures 3.4.27
through 3.A.32 are plots of lateral displacement versus impact deceleration for the MPC-24, MPC-32,
and MPC-68. It should be noted that the displacements (in the HI-STAR 100 FSAR) in Figures
3.4.27 through 3.4.31 are expressed in lxlO' inch and Figure 3.4.32 is expressed in lxlO 2 inch. The
plots in the HI-STAR 100 FSAR clearly show that the large deflection collapse load ofthe MPC fuel
basket is greater than 1.5 times the design basis deceleration for all baskets in all orientations. The
results for the MPC-24Eare similar. Thus, the requirements of Appendix F are met for lateral
deceleration loading under Subsection NG stress limits for faulted conditions.

HI-STORM FSAR Proposed Rev. 2B
REPORT HI-2002444 3.4-31



An alternative solution for the stability of the fuel basket panel is obtained using the methodology
espoused in NUREG/CR-6322 [3.4.13]. In particular, we consider the fuel basket panels as wide
plates in accordance with Section 5 of NUREG/CR-6322. We use eq.(19) in that section with the
"K" factor set to the value appropriate to a clamped panel. Material properties are selected
corresponding to a metal temperature of 500 degrees F which bounds computed metal temperatures
at the periphery of the basket. In general, the basket periphery sees the largest loading in an impact
scenario. The critical buckling stress is:

YK )~~ lV2)(Ia)

where h is the panel thickness, a is the unsupported panel length, E is the Young's Modulus of Alloy
X at 500 degrees F, v is Poisson's Ratio, and K=0.65 (per Figure 6 of NUREG/CR-6322).

The MPC-24 has a small h/a ratio; the results ofthe finite element stress analyses under design basis
deceleration load show that this basket is subject to the highest compressive load in the panel.
Therefore, the critical buckling load is computed using the geometry ofthe MPC-24. The following
table shows the results from the finite element stress analysis and from the stability calculation.

Panel Buckling Results From NUREG/CR-6322
Item Finite Element Stress Critical Buckling Factor of

(ksi) Stress (ksi) Safety
Stress 12.585 45.32 3.601

For a stainless steel member under an accident condition load, the recommended safety factor is
2.12. We see that the calculated safety factor exceeds this value; therefore, we have independently
confirmed the stability predictions of the large deflection analysis based on classical plate stability
analysis by employing a simplified method.

Stability of the basket panels, under longitudinal deceleration loading, is demonstrated in the
following manner. Under 60g deceleration in Docket Number 72-1008, the axial compressive stress
in the baskets were computed for the MPC-24, 68, and 32, as:

MPC-24 3,458 psi
MPC-68 3,739 psi
MPC-32 4,001 psi

For the 45g design basis decelerations for HII-STORM 100, the basket axial stresses are reduced by
25%.

The above values represent the amplified weight, including the nonstructural sheathing and the
neutron absorber materialBoeal, divided by the bearing area resisting axial movement of the basket.
To demonstrate that elastic instability is not a concern, the buckling stress for an MPC-24 flat panel
is computed.

HI-STORM FSAR Proposed Rev. 2B
REPORT H1-2002444 3.4-32



For elastic stability, Reference [3.4.8] provides the formula for critical axial stress as

4g 2 E (T)

a . 12(1- V2)AF)

where T is the panel thickness and W is the width of the panel, E is the Young's Modulus at the
metal temperature and v is the metal Poisson's Ratio. The following table summarizes the
calculation for the critical buckling stress using the formula given above:

Elastic Stabilitv Result for i Flat Panel

Reference Tempeature 725 degrees F

T (PC-24) 5116 inch

W 10.777 inch

E 24,600,000 psi

ritical Axial Stress 74,781 psi

It is noted the critical axial stress is an order of magnitude greater than the computed basket axial
stress reported in the foregoing and demonstrates that elastic stability under longitudinal deceleration
load is not a concern for any of the fuel basket configurations.

b. Yielding,

The safety factor against yielding ofthe basket under longitudinal compressive stress from a design
basis inertial loading is given, using the results for the MPC-32, by

SF = 17,100/4,001 = 4.274

Therefore, plastic deformation of the fuel basket under design basis deceleration is not credible.

3.4.4.3.1.4 MPC Baseplate Analysis (Load Case E2)

A bounding analysis is performed in the HI-STAR 100 FSAR (Docket Number 72-1008, Appendix
3.1) to evaluate the stresses in the MPC baseplate during the handling of a loaded MPC. The stresses
in the MPC baseplate calculated in that appendix are compared to Level A stress limits and remain
unchanged whether the overpack is HI-STAR 100, HI-STORM 100, or HI-TRAC. Therefore, no new
analysis is needed. We have reported results for this region in Subsection 3.4.3 where an evaluation
has been performed for stresses under three times the supported load.
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3.4.4.3.1.5 Analysis of the MPC Top Closure (Load Case E2)

The FSAR for the H-STAR 100 System (Docket Number 72-1008, Appendix 3.E) contains stress
analysis of the MPC top closure during lifting. Loadings in that analysis are also valid for the HM-
STORM 100 System. From Table 2.2.1, the off-normal design internalpressure is 110 psi, or ten
percent greater than the normal design pressure. Whereas Level A service limits are used to
establish allowables for the normal design pressure, Level B service limits are usedfor off-normal
loads. Since Subsection NB of the ASME Code permits an identical 10% increase in allowable
stress intensity valuesforprimary stress intensities generated byLevelB ServiceLoadings, itstands
to reason that the safety factors reportedfor normal pressure are also validfor the case of off-
normal design internal pressure.

3.4.4.3.1.6 Structural Analysis of the Fuel Support Spacers (Load Case E3.a)

Upper and lower fuel support spacers are utilized to position the active fuel region of the spent
nuclear fuel within the poisoned region of the fuel basket. It is necessary to ensure that the spacers
will continue to maintain their structural integrity after an accident event. Ensuring structural
integrity implies that the spacer will not buckle under the maximum compressive load, and that the
maximum compressive stress will not exceed the compressive strength of the spacer material (Alloy
X). Detailed calculations in Docket Number 72-1008, Appendix 3.J, demonstrate that large
structural margins in the fuel spacers are available for the entire range of spacer lengths which may
be used in rH-STORM 100 applications (for the various acceptable fuel types). The calculations for
the HI-STORM 100 45g load are bounded by those for the EI-STAR 100 60g load.

3.4.4.3.1.7 External Pressure (Load Case El.b. Table 3.1.4)

The dDesign external pressurefor is applied te the MPC is zero psi.mede. The outer surface of
the MPC shell is conservatively subject to a net external pressure of2 psi. The magnitude of the
extemal pressure applied to the model is taken from Table 2.2.1. The methodologyfor aAnalysis
of the MPC under thise external pressure is provided in the HI-STAR 100 FSAR Docket Number
72-1008. Using the identical methodology with input loads and decelerations appropriate to the
HI-STORM, safety factors > 1.0 are obtainedfor all relevant load cases. Oppendix &M and
therefore, is not repeated here.

3.4.4.3.1.8 Miscellaneous MPC Structural Evaluations

Calculations are performed to determine the minimumfuel basket weld size, the capacity of the
sheathing welds, the stresses in the MPC cover plates, and the stresses in thefuel basket angle
supports. The following paragraphs briefly describe each of these evaluations.

Thefillet welds in thefuel basket honeycomb are made by an autogenous operation that has
been shown to produce highly consistent andporosityfree weld lines. However, Subsection
NG of the ASME Code permits only 40% quality credit on double fillet welds which can be
only visually examined (fable NG-3352-1). Subsection NG, however, fails to provide a
specific stress limit on such fillet welds. In the absence of a Code mandated limit, Holtec
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International's standard design procedure requires that the weld section possess as much
load resistance capability as the parent metal section. Since the loading on the honeycomb
panels is essentially that ofsection bending, it is possible to develop a closedform expression
for the required weld throat thickness "t" corresponding to panel thickness "h ".

The sheathing is welded to the fuel basket cell walls to protect andposition the neutron
absorber material. Force equilibrium relationships are used to demonstrate that the
sheathing weld is adequate to support a 45g deceleration load applied vertically and
horizontally to the sheathing and the confined neutron absorber material. The analysis
assumes that the weld is continuous and then modifies the results to reflect the amplification
due to intermittent welding.

The MPCcoverplates are welded to the MPClid duringloadingoperations. Thecoverplates
are part of the confinement boundayyfor the MPC. No credit is takenfor the pressure retaining
abilities of the quick disconnect couplings for the WPC vent and drain. Therefore, the MPC
coverplates must meet ASME Code, Section III, Subsection NB limitsfor normal, off-normal,
and accident conditions. Conservatively, the accident conditionpressure loading is applied, and
it is demonstrated that the Level A limits for Subsection NB are met.

The fuel basket internal to the APC canister is supported by a combination of angle fuel basket
supports andflat plate or solid barfuel basket supports. Thesefuel basket supports are subject
to significant load only when a lateral acceleration is applied to thefuel basket and the
containedfuel. The quasi-staticfinite element analyses of the MPG's, under lateral inertia
loading, focused on the structural details of the fuel basket and the APC shell. Basket supports
were modeled in less detail, which served only to properl-ymodel the load transferpath between
fuel basket and canister. Safetyfactors reportedfor the fuel basket supportsfrom thefinite
element analyses, are overly conservative, and do not reflect available capacity of the fuel basket
angle support. A strength of materials analysis of the fuel basket angle supports is performed to
complement the finite element results. The weld stresses are computed at the support-to-shell
interface, and membrane and bending stresses in the basket support angle plate itself. Using this
strength of materials approach, we demonstrate that the safety factors for the fuel basket angle
supports are larger than indicated by thefinite'element analysis.

The results of these evaluations -are summarized in the tables below.'

f - ~~~~Minimum Weld Sizesfor Fuel Baskets

Basket Type Panel Thickness ((h), in -tA Ratio Minimum Weld Size (t), in

MPC-24 5/16 0.57 0.178

MPC-68 1/4 0.516 0.129

MPC-32 9/32 - 0.57 0.160

MPC-24E 5/16 0.455 0.142

rH-STORM FSAR Proposed Rev. 2B
REPORT I-2002444 3.4-35



Miscellaneous Stress Results for MPC

Item Stress (ksi) Allowable Stress (1si) Safety Factor

Shear Stress in Sheathing Weld 2.968 27.93 9.41

Bending Stress in MPC Cover 17.60 24.425*0.967 1.349
Plate

Shear Stress in MPC Cover 3.145 18.99*0.967 5.846.04
Plate Weld

Shear Stress in Fuel Basket 4.711 9.408 2.00
Support Weld

Combined Stress in Fuel 32.393 59.1 1.82
Basket Support Plates

Note: 0.967 reflects increase in MPC shell design temperature to 500 deg. F

3.4.4.3.1.9 Structural Integritv ofDamazed Fuel Containers

The damaged fuel containers or canisters (DFCs) to be deployed in the HI-STAR 100 System
transport package have been evaluated to demonstrate that the containers are structurally adequate
to support the mechanical loads postulated during normal lifting operations, while in long-term
storage, and during a hypothetical end drop. The evaluations address thefollowing damaged/failed
fuel containers for transportation in the HI-STAR 100 System:

a Holtec-designedMPC-24E (PWR) DFC
* Holtec-designed MPC-68 (BWR) DFC
* Transnuclear-designedDFCforDresden Unitlfuel
* Transnuclear-designed Thoria Rod Canisterfor Dresden Unit 1

The structural loadpath in each of the analyzed containers is evaluated using basic strength of
materials formulations. The various structural components are modeled as axial or bending
members and their stresses are computed. Depending on the particular DFC, the load path
includes components such as the container sleeve and collar, various weld configurations, load
tabs, closure components and lifting bolts. Axial plus bending stresses are computed, together
with applicable bearing stresses and weld stresses. Comparisons are then made with the
appropriate allowable strengths at temperature. Input data for all DFCs comes from the
applicable drawings. The design temperature for lifting evaluations is set at 1507F (since the
DFC is in the spentfuelpool). The design temperature for accident conditions is set at 7250F.

The upper closure assembly must meet the requirements setforthfor special lifting devices used
in nuclear applications [3.1.2]. The remaining components of the damagedfuel container are
governed by the stress limits of the ASME Code Section III, Subsection NG [3.4.10] and Section
III, Appendix F [3.4.3], as applicable.
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The following table presents the minimum safety factors. from all of the stress computations, for
each of the above listed DFCs. - i

Safety Factor
DFC Typ~e Loading Condition - Calculated Allowable (AXfowable Stress) Rearb

DFCComponent Stress (7ao Stress (asko I(4Cculated
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _Stress)

Holtec-designed NormalLift - 2499 8 ANSI N14-6
MPC-24E (PWR) Lifiing Bolt ste imit
DFC 60g End Drop - ASMELevelD

Baseplatre-to-Container 3.95 26.59 6.73 stress limit
Sleeve Welds

Holtec-designed Normal Lift- ASME Level A
MPC-68 (BWR) Lng Bolt-to-Top 5.80 12.00 2.07 stress limit
DFC Plate Weld -

60g End Drop - ASAELevelD
Baseplate-to-Container 1.59 26.59 16.7 stress limit
Sleeve Welds

Transnuclear- Normal Lif - Bearingstrem
designed DFCfor LidFrame Assemb 0.527 4.583 &70
Dresden Unit)I 60gEnd Drop- i32 3792 - ASMELevelD

Bottom Assembly _ . stress limit

T smuclear- Normal Lft- 0.373 4.583 12.3 Bearingstress
designed Thoria Lid Frame Assembly
Rod Cmn~ster for -60g End Drop - ASMELeve[D
Dresden Unit I Bottom Assembly 8.73 37.92 4.34 stress limit

The table above demonstrates that the DFCs are structurally adequate to support the mechanical
loads postulated during nornal lifting operations and during a hypothetical end drop.
Moreover, since the HI-STAR design basis handling accident bounds the corresponding loadfor
HI-STORM (60g vs. 45g), the DFCs can be carried safely in both the HI-STAR and HI-STORM
Systems.

3.4.4.3.2 Hi-STORM 100 Storage Overpack Stress Calculations

The structural fimetions of the storage overpack are stated in Section 3.1. The analyses presented
here demonstrate the ability of components of the rn-STORM 100 storage overpack to perform their
structural functions in the storage mode. Load Cases considered are given in Table 3.1.5. The
nomenclature used to identify the load cases (Load Case Identifier) considered is also given in Table
3.1.5.

The purpose of the analyses is to provide the necessary assurance that there will be no unacceptable
release of radioactive material, unacceptable radiation levels, or impairment of ready retrievability of
the MPC from the storage overpack. Results obtained using the Hn-STORM 100 configuration are
identical to or bound results for the HI-STORM lOOS configuration.

MI-STORM FSAR
REPORT HI-2002444

Proposed Rev. 2B
3.4-37-



3.4.4.3.2.1 HI-STORM 100 Compression Under the Static Load of a Fully Loaded HI-TRAC
Positioned on the Top of HI-STORM 100 (Load Case 01 in Table 3.1.5)

During the loading of HI-STORM 100, a HI-TRAC transfer cask with a fully loaded MPC may be
placed on the top of a HI-STORM 100 storage overpack. During this operation, the HI-TRAC may
be held by a single-failure-proof lifting device so a handling accident is not credible. The HI-
STORM 100 storage overpack must, however, possess the compression capacity to support the
additional dead load. The following analysis provides the necessary structural integrity
demonstration; results for the HI-STORM 100 overpack are equal to or bound those for the Hl-
STORM lOOS.

Define the following quantities for analysis purposes:

WHT= Bounding weight of HI-TRAC 125D (loaded w/ MPC-32) = 233,000 lb (Table 3.2.2)

WmiD= Weight of mating device = 15,000 lb

WTOTAL = W]r + Wm) = 248,000 lb

The total weight of the HI-TRAC 125D plus the mating device is greater than the weight of a loaded
HI-TRAC 125 with the transfer lid. Therefore, the following calculations use the weight for the HI-
TRAC 125D as input.

The dimensions of the compression components of HI-STORM 100 are as follows:

outer diameter of outer shell =
thickness of outer shell =
outer diameter of inner shell =
thickness of inner shell =
thickness of radial ribs =

Do= 132.5"
to = 0.75'
Di= 76"
ti = 1.25"
t, = 0.75"

The metal area of the outer metal shell is

Aa=ff(Do2(D*-2 o))=(132-52 1312)
4 4

=310.43 in2

The metal area of the radial ribs is

3 2A, =4 tr(D. -2 to-D.) /2 -(131 - 76) =82.5in2
2
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The metal area of the inner shell is

Ai= 4(Di2- (Di - 2 t.)) (762-73.52) --4 4

293.54 in2

There are four radial ribs that extend full length and can cany load. The concrete radial shield can
also support compression load. The area of concrete available to support compressive loading is

4~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

=(l312-762) -82.5 in2
4

-(8,994 - 82.5) in2 = 8,859.5 in2

The areas computed above are calculated at a section below the air outlet vents. To correct the
above areas for the presence ofthe air outlet vents (HI-STORM 100 only since HI-STORM IOOS has
the air outlet vents located in the lid), we note that Bill-of-Materials 1575 in Chapter 1 gives the size
of the horizontal plate of the air outlet vents as:

Peripheral width = w = 16.5"
Radial depth d - 27.5" (over concrete in radial shield)

Using these values, the following final areas are obtained:

A. = A0(no vent) - 4tUw = 260.93 sq. inch

Ai= Ano vent) - 4t4w 211.04 sq. inch

A s w= A,,(no vent) - 4dw = 7044.2 sq. inch

The loading case is a Level A load condition. The load is apportioned to the steel and to the concrete
in accordance with the values of EA for the two materials (E(steel) = 28,000,000 psi and
E(concrete)=3,605,000 psi). -

EA(steel)=28xlltpsix(26a93+211.04+82.5)in2

=05,525.2Thxltdlbs.
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EA(concrete) =3.605 x 106 x (7044.2) in2

= 25,394.3 x 106 lb.

Therefore, the total HI-TRAC load will be apportioned as follows:

FsleL = (15,525.2/40,919.5) x 248,000 = 94,093.2 lb.

FCONCREwm = (25,394.3/40,919.5) x 248,000 = 153,906.7 lb.

Therefore, if the load is apportioned as above, with all load-carrying components in the path acting,
the compressive stress in the steel is

If we conservatively neglect the compression load bearing capacity of concrete, then

248,000 = 447.2psi
554.5

If we include the concrete, then the maximum compressive stress in the concrete is:

aCONORMt~ =Fcon -21.8 psi
ACONCR~lE

It is clear that HI-STORM 100 storage overpack can support the dead load of a fully loaded HI-
TRAC 125D and the mating device placed on top for MPC transfer into or out of the HI-STORM
100 storage overpack cavity. The calculated stresses at a cross-section through the air outlet ducts are
small and give rise to large factors of safety. The metal cross-section at the base of the HI-STORM
storage overpack will have a slightly larger metal area (because the width of the air-inlet ducts is
smaller) but will be subject to additional dead load from the weight of the supported metal
components of the HI-STORM storage overpack plus the loaded HI-TRAC weight At the base of
the storage overpack, the additional stress in the outer shell and the radial plates is due solely to the
weight of the component. Based on the maximum concrete density, the additional stress in these
components is computed as:

As = (160.8 lbJcuft.) x 18.71 ft./144 sq.in./sq.ft. = 20.9 psi

This stress will be further increased by a small amount because of the material cut away by the air-
inlet ducts; however, the additional stress still remains small. The inner shell, however, is subject to
additional loading from the top lid of the storage overpack and from the radial shield. From the
Structural Calculation Package (111-981928)(see Subsection 3.6.4 for the reference), and from Table
3.2.1, the following weights are obtained (using the higher lOOS lid weight):

HI-STORM lOOS Top Lid weight < 25,500 lb.
HI-STORM 100 Inner Shell weight < 19,000 lb.
HI-STORM 100 Shield Shell weight < 11,000 lb.
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Note that the shield shell was removed from the HI-STORM 100 design as of June, 2001. However,
it is conservative to include the shield shell weight in the following calculations.

Using the calculated inner shell area at the top of the storage overpack for conservatism, gives the
metal area of the inner shell as:

Ai=A~ino vent)-4t4w =211.04 sq. inch

Therefore, the additional stress from the HI-STORM I OOS storage overpack components, at the base
of the overpack, is:

A =263 psi

and a maximum compressive stress in the inner shell predicted -as:

Maximum stress = 447 psi + 263 psi = 710 psi

The safety factor at the base of the storage overpack inner shell (minimum section) is

SF = 17,500psi/710 psi = 24,6

The preceding analysis is bounding for the 100 Ton HI-TRAC transfer cask because of the lower HI-
TRAC weight

The preceding analysis is valid for both the HI-STORM 100 and the HI-STORM 100S since the
bounding lid weight has been used.

3.4.4.3.2.2 HI-STORM 100 Lid Integrity Evaluation (Load Case 02.c. Table 3.1.5)

A non-mechanistic tip over of the HI-STORM 100 results in high decelerations at the top of the
storage overpack. The storage overpack lid diameter is less than the storage overpack outer diameter.
This ensures that the storage overpack lid does not directly strike the ground but requires analysis to
demonstrate that the lid remains intact and does not separate from the body of the storage overpack.
Figure 3.4.19 shows the scenario.

The HI-STORM 100 overpack has two lid designs, which rely on different mechanisms to resist
separation from the overpack body. The original design relies solely on the lid studs to resist the
shear and axial loads on the lid. In the new design, the bolt holes are enlarged and a shear ring is
welded to the underside of the lid top plate. These changes insure that the lid studs only encounter
axial (tensile) loads. The in-plane load is resisted by the shear ring as it bears against the top plate.
The HI-STORM IOOS has only one lid design, which utilizes a shear ring. Calculations have been
performed for both HI-STORM 100 lid configurations, as well as the H-STORM IOOS lid geometry,
to demonstrate that the lid can withstand a non-mechanistic tip-over.
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bpecaay, Appenam .F. presents ceus e; te km SiuiRi 100 a response to mte up ev
deceleration based on the original design (i.e., no shear rng). The deceleration level for the non-
mechanistic tip-over bounds all other decelerations, directed in the plane of the lid, experienced
under other accident conditions such as flood or earthquake as can be demonstrated by evaluating the
loads resulting from these natural phenomena events.

Appendix I L presents the original calculations that demenstrate that the four studs hold the storaga
overpack lid in place, relative to the HM STORM 100 body, for a postulated non mechanistic HI
STORM 100 tip ver- event.-It is shown that the weight of the HI-STORM 100 lid, amplified by the
design basis deceleration, can be supported entirely by the shear capacity available in the four studst.
The detailed calculations in Appendix 3.L demonstrate that -if only a single stud is loaded initially
during a tipover (because of tolerances), the stud hole will enlarge rather than the stud fail in shear.
Therefore, it is assured that all four bolts will resist the tipover load regardless of the initial position
of the HI-STORM 100 lid.

The following tables summarize the limiting results obtained from the detailed analyses-in
Appendices 3.K and 3.L, and from the similar detailed analysis for the HI-STORM 100 lid with
shear ring and for the HI-STORM lOOS(243). The results for the HI-STORM IOOS(243) bound the
results for the shorter HI-STORM 10OS(232).

II-STORM 100 Top Lid Integrity (No Shear Ring)

Item Value (ksl) Allowable (k) Safety Factor
Lid Shell-Lid Top Plate Weld Shear Stress 6.733 29.4 4.367
Lid Shell-Lid Top Plate Combined Stress 9.11 29.4 3.226

Attachment Bolt Shear Stress 44.82 60.9 1.359

Attachment Bolt Combined Shear and
Tension Interaction at Interface with _ 1.21
Anchor Block

t The tip-over event is non-mechanistic by definition since the rn-STORM 100 System is designed to preclude
tip-over under all normal, off-normal, and accident conditions of storage, including extreme natural phenomena
events. Thus, the tip-over event cannot be categorized as an operating or test condition as contemplated by
ASME Section III, Article NCA-2141. The bolted connection between the overpack top lid and the overpack
body provided by the top lid studs and nuts serves no structural function during normal or off-normal storage
conditions, or for credible accident events. Therefore, the ASME Code does not apply to the construction of the
HI-STORM top plate-to-overpack connection (the lid studs, nuts, and the through holes in the top plate).
However, for conservatism, the stress limits from ASME m, Subsection NF are used for the analysis of the lid
bol o l I
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HI-STORM 100 Top Lid Integrity (With Shear Ring)
Item Value (kul) Allowable (cs) Safety Factor

Lid Top Plate-to-Lid Shell Weld Combined 7336 29.4 4.007
Stress

Shield Block Shells-to-Lid Top Plate Weld 1.768 29.4 16.63
Combined Stress
Attachment Bolt Tensile Stress 28.02 107.13 3.823

ShearRing-to-Lid Top Plate Weld Stress 32.11 40.39 :1.258
Shear Ring Bearing Stress 25.43 63.0 2.477
Top Plate-to-Outer Shell Weld Stress 35.61 40.39 : 1.134

H[I-STORM 100S(243) Top Lid Integrity

Item Value (ksl) Allowable (ksf) Safety Factor
Inner and Outer Shell Weld to Base 15.98 29.4 1.840

Shield Block Shell-to-Lid Weld Shear Stress 5.821 29.4 5.051

Shield Block Shell Stress 5.975 29A - 4.921
Attachment Bolt Tensile Stress 34.04 107.13 3.147

Shear Ring-to Overpack Shell Weld Stress 30.27 42.0 1.388

Shear Ring Bearing Stress 17.63 63.0 3.573
Lid Shell Ring-to-Shear Ring Weld Stress 19.01 42.0 2.209

3.4.4.3.2.3 Vertical DroP of HI-STORM 100 Storage overpack (Load Case 02.a of Table 3.1.5)

A loaded HI-STORM 100, with the top lid in place, drops vertically and impacts the ISFSI. Figure
3.4.20 illustrates the drop scenario. The regions of the structure that require detailed examination are
the storage overpack top lid, the inlet vent horizontal plate, the pedestal shield, the inlet vent vertical
plate, and all welds in the load path. These components are examinedforAppendix3.Mexamine
the Level D event of a HI-STORM 100 drop developing the design basis deceleration.

The table provided below summarizes the results of the analyses detniled in Appendix 3Al for the
weight and configuration of the HI-STORM 100. The results for the HI-STORM 10OS are bounded
by the results given below. Any calculation pertaining to the pedestal is bounding since the pedestal
dimensions and corresponding weights are less in the HI-STORM lOOS.
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HI-STORM 100 Load Case 02.a Evaluation

Item Value (ksi) Allowable Safety Factor
(ksi)

Lid Bottom Plate 6.02 59.65 9 .9 0 8t
Bending Stress Intensity

Weld- lid bottom plate-to-lid shell 10.91 29.4 2.695

Lid Shell - Membrane Stress Intensity 1.90 39.75 20.92

Lid Top (2" thick) Plate Bending Stress 11.27 59.65 5.293*
Intensity

Inner Shell -Membrane Stress Intensity 8.88 39.75 4.476

Outer Shell -Membrane Stress Intensity 3.401 39.75 11.686

Inlet Vent Horizontal Plate Bending 37.14 59.65 1.606
Stress Intensity

Inlet Vent Vertical Plate Membrane 10.34 39.75 3.844
Stress Intensity

Pedestal Shield - Compression 1.252 1.266 1.011

Weld - outer shell-to-baseplate 4.133 29.4 7.116

Weld - inner shell-to-baseplate 5.896 29.4 4.987

Weld-Pedestal shell-to-baseplate 4.563 29.4 6.444

t Note that Appendix 3.X shows that the dynamic load factor for the lid top plate is negligible
and for the lid bottom plate is 1.06. This dynamic load factor has been incorporated in the
above table.

* Forthe HI-STORM 100S, this safety factor is conservatively evaluated in Appendix 3-.Mto|
be 1.625 because of increased load on the upper of the two lid plates.

Appendix 3.AK contains aAn assessment ofthe potential for instability ofthe compressed inner and
outer shells under the compressive loading during the drop event has also been peformed. Thee
methodology is from ASME Code Case N-284 (Metal Containment Shell Buckling Design Methods,
Division I, Class MC (8/80)). This Code Case has been previously accepted by the NRC as an
acceptable method for evaluation of stability in vessels. The results obtained are conservative in that
the loading in the shells is assumed to be uniformly distributed over the entire length of the shells. In
reality, the component due to the amplified weight of the shell varies from zero at the top of the shell
to the maximum value at the base of the shell. It is concluded in Appendixl.AKthat large factors of
safety exist so that elastic or plastic instability of the inner and outer shells does not provide a
limiting condition. The results for the HI-STORM 100 bound similar results for the HI-STORM
100S since the total weight of the "S" configuration is decreased (see Subsection 3.2).
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The results from Appendix 3.M and 3.AK -do not show any gross regions of stress above the material |
yield point that would imply the potential for gross deformation of the storage overpack subsequent
to the handling accident MPC stability has been evaluated in the rH-STAR 100 FSAR for a drop
event with 60g deceleration and shown to satisfy the Code Case N-284 criteria. Therefore, ready
retrievability ofthe MPC is maintained as well as the continued performance ofthe rn-STORM 100
storage overpack as the primary shielding device.

3.4.4.3.3 HI-TRAC Transfer Cask Stress Calculations

The structural fimctions of the transfer cask are stated in Section 3.1. The analyses presented here
demonstrate the ability of components of the MI-TRAC transfer cask to perform their structural
functions in the transfer mode. Load Cases considered are given in Table 3.1.5.

The purpose ofthe analyses is to provide the necessary assurance that there will be no unacceptable
release of radioactive material, unacceptable radiation levels, or impairment of ready retrievability.

3.4.4.3.3.1 Anahlsis of Pocket Trunnions (Load Case 01 of Table 3.1.5)

The HI-TRAC 125 and HI-TRAC 100 transfer casks have pocket trunnions attached to the outer
shell and to the water jacket. During the rotation of lI-TRAC from horizontal to vertical or vice
versa (see Figure 3.4.18), these trunnions serve to define the axis of rotation. The HI-TRAC is also
supported by the lifting trunnions during this operation. Two load conditions are considered: Level A
when all four trunnions support load during the rotation; and, Level B when the hoist cable is
assumed slack so that the entire load is supported by the rotation ttunnions. A dynamic amplification
of 15% is assumed in both cases appropriate to a low-speed operation. Appendices 3.AA and 3 Al
(fortheMTRAC 5a d TAC 1 00, respeti-vely) resent the o of ekettnni.
Figure 3.4.23 shows a free body of the trunnion and shows how the applied force and moment are
assumed to be resisted by the weld group that connects the trunnion to the outer shell. Drawings
1880 (sheet 10) and 2145 (sheet 10) show the configuration. An optional construction for the HI-
TRAC 100 permits the pocket trunnion base to be split to reduce the "envelope" of the HM-TRAC.
For that construction, bolts and dowel pins are used to insure that the force and moment applied to
the pocket trunnions are transferred properly to the body of the transfer cask. The analysis App
3AI-also evaluates the bolts and dowel pins and demonstrates that safety factors greater than 1.0
exist for bolt loads, dowel bearing and tear-out, and dowel shear. Allowable strengths and loads are
computed using applicable sections of ASME Section m, Subsection NF.

Unlike the HI-TRAC 125 and the H-TRAC 100, the HI-TRAC 125D is designed and fabricated
without pocket trunnions. An L-shaped rotation fiame is used to upend and downend the HI-TRAC
125D, instead of pocket trunnions. Thus, a pocket trunnion analysis is not applicable to the HI-
TRAC 125D.
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The table below summarizes the results for the HI-TRAC 125 and the HI-TRAC 100 fiem th two
appaies

Pocket Trunnion Weld Evaluation Summary

Item Value (ksl) Allowable (ksiy Safety Factor

HI-TRAC 125 Pocket
Trunnion-Outer Shell 7.979 23.275 2.917
Weld Group Stress

HI-TRAC 125 Pocket
Trunnion-Water Jacket 5.927 23.275 3.9
Weld Group
Stress

H1I-TRAC 100 Pocket
Trunnion-Outer Shell 6.603 23.275 3.525
Weld Group Stress

HI-TRAC 100 Pocket
Trunnion-Water Jacket 5.244 23.275 4.438
Weld Group Stress

HI-TRAC 100 Pocket
Trunnion-Bolt Tension at 45.23 50.07 1.107
Optional Split

HI-TRAC 100 Pocket
Trunnion-Bearing Stress 6.497 32.7 5.033
on Base
Surfaces at Dowel

HI-TRAC 100 Pocket
Trunnion-Tear-out Stress 2.978 26.09 8.763
on Base
Surfaces at Dowel

HI-TRAC 100 Pocket
Trunnion-Shear Stress on 29.04 37.93 1.306
Dowel Cross Section at
Optional Split

t Allowable stress is reported for the Level B loading, which results in the minimum safety
factor.

To provide additional information on the local stress state adjacent to the rotation trunnion,
Appendix 3.AA also includes- a new finite element analysis is undertaken to provide providing
details on the state of stress in the metal structure surrounding the rotation trunnions for the H1-
TRAC 125. The finite element analysis has been based on a model that includes major structural
contributors from the waterjacket enclosure shell panels, radial channels, end plates, outer and inner
shell, and bottom flange. In the finite element analysis, the vertical trunnion load has been oriented in
the direction of the HI-TRAC 125 longitudinal axis. The structural model has been confined to the
region of the H-TRAC adjacent to the rotation trunnion block; the extent of the model in the
longitudinal direction has been determined by calculating the length ofthe "bending boundary layer"
associated with a classical shell analysis. This was considered to be a sufficient length to capture
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maximum shell stresses arising from the Level B (off-normal) rotation trunnion loading. Appendix
3.AA eontainr the results of the finite element imulations 4ith complete graphical output shoming
the longitudinal and circumferential stress distribution in the inner and outer shells and in the radial
ehamwls- The local nature of the stress around the Irunnion block is clearly demonstrated by the
finite element graphical-results.

Consistent with the requirements of ASME Section El[, Subsection NF, for Class 3 components,
safety factors for primarymembrane stress have been computed. Primary stresses are located away
from the immediate vicinity of the tnrnnion; although the NF Code sets no limits on primary plus
secondary stresses that arise from the gross structural discontinuity immediately adjacent to the
Irunnion, these stresses are listed for information. The resulls-,assembled from the results in
Appendix 3AA; are summarized in the table below for the Level B load distribution for the HI-
TRAC 125.

.ITEM -HI-TRAC 125 CALCULATED VALUE ALLOWABLE VALUE
Longitudinal Stress - (ksi) (Primary 956 23.275
Stress -Inner Shell) .

Tangential Stress (ksi) (PAry -1.501 23275
Stress - Inner Shell)

Longitudinal Stress (ksi) (Primary
Stress - Outer Shell) -_-_.__________-_-23275_

Tangential Stress (ksi) (Primary 436 23275
Stress - Outer Shell) -0.436

Longitudinal Stress - (ksi) (Primary 2.305 23.275
Stress - Radial Channels)

Tangential Stress (ksi) (Primary -0631 23275
Stress - Radial Channels)

Longitudina Stress - (ksi) (rimarY .734 No Limit (34.9)
plus Secondary Stress -Inner Shell) . * .

Tangential Stress (ksi) (Primary
plus Secondary Stress - Inner Shell) -1.501

Longitudinal Stress (ksi) (Primary
plus Secondary Stress - Outer Shell) 2.484 *.

Tangential Stress si (Priary -2.973
plus Secondary Stress - Outer Shell) -2.973_:___

Longitudinal Stress - (ksi) (Primary
plus Secondary Stress - Radial -13.97 NL
Channels)

Tangential Stress (ksi) (Primary
plus Secondary Stress - Radial -2.303 NL
Channels) __ _ __ _ _ _E _ _ __ _ _ __ _ _

* TheNFCode setsno limits (NL) forprimaryplus secondary stress (seeTable 3.1.17).Nevertheless, todemonstratethe
robust design with its large margins of safety, we list here, for information only, the allowable value for Primary
Membrane plus Primary Bending Stress appropriate to temperatures up to 650 degrees F.
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The only stress of any significance is the longitudinal stress in the radial channels. This stress
occurs immediately adjacent to the trunnion block/radial channel interface and by its localized
nature is identifiable as a stress arising at the gross structural discontinuity (secondary stress).

The finite element analysis has also been performed for the E-TRAC 100 transfer cask, resuls-are
reported in Appendix 3.AI. The following table summarizes the results:

ITEM -HI-TRAC 100 CALCULATED VALUE ALLOWABLE VALUE
Longitudinal Stress - (ksi)

(Primary Stress-Inner Shell) 0.756 23.275

Tangential Stress (ksi) (Primary -2.157 23.275
Stress - Inner Shell)
Longitudinal Stress (ksi)
(Primary Stress - Outer Shell) -0.726 23.275

Tangential Stress (ksi) (Primary
Stress - Outer Shell) -0.428 23.275

Longitudinal Stress - (ksi)
(Primary Stress - Radial 2.411 23.275
Channels)
Tangential Stress (ksi) (Primary
Stress - Radial Channels) -0.5305 23.275
Longitudinal Stress - (ksi)

(Primary plus Secondary Stress - 2.379 NL
Inner Shell)

Tangential Stress (ksi) (Primary
plus Secondary Stress - Timer -2.157 NL
Shell)

Longitudinal Stress Ocsi)
(Primary plus Secondary Stress - 3.150 NL
Outer Shell)

Tangential Stress (ksi) (Primary
plus Secondary Stress - Outer -3.641 NL
Shell)

Longitudinal Stress - (ksi)
(Primary plus Secondary Stress - -15.51 NL
Radial Channels)

Tangential Stress (ksi) (Primary
plus Secondary Stress - Radial -2.294 NL
Channels)
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The finite element analyses of the metal structure adjacent to the trunnion block did not include the
state of stress arising from the water jacket internal pressure. These stresses areomputedin
Appendix 3AGand-are conservatively computed based on a two-dimensional strip model that
neglects the lower annular plate. The water jacket bending stresses a'lcuated in A[pendx 3 AG are
summarized below:

Appendix 3AC Resuft-for-Tangential
Bending Stress In Water Jacket Outer Panel C V -k.l.
from Water Pressure (including hydrostatic

and inertia effects)
HI-TRAC 125 18.41
H[I-TRAC 100 22.47

To establish a minimum safety factor for the outer panels of the water jacket for the Level A
condition, we must add primary membrane circumferential stress from the trunnion load analysis
( ALApend;c 3.AA and A with redutin factor from Level B to Level A load) to primary
circumferential bending stress from the water-jacket bending stress-Ape)d . Then, the
safety factors may be computed by comparison to tie allowable limit for primary membrane plus
primary bending stress. The following results are obtained:

Results for Load Case 01 in Water Jacket (Load Case 01) - Level A Load
Circumferential CALCULATED ALLOWABLE SAFETY FACTOR
Stress In Water VALUE (ksi) VALUE (ksi) (allowable
Jacket Outer value/calculated

Enclosure - value)
HI-TRAC 125 18.797 26.25 1.397
HI-TRAC 100 22.781 26.25 1.152

To arrive at minimum safety factors for primary membrane plus bending stress in the outer panel of
the water jacket for the Level B condition, we amplify the finite element resultsfrom the trunnion
load analyssin accordance with Appendices 3.AA and 3.AI, add the appropriate stress from the two-
dimensional waterjacket calculationAppendix3.AG, and compare the results to the increased Level
B allowable. The following results are obtained:

. Results for Load Case 01 in Water Jacket (Load Case 01) - Level B Load
Circumferential CALCULATED ALLOWABLE - SAFETY FACTOR
Stress in Water VALUE (ksi) VALUE (ksi) (allowable
Jacket Outer valuelcalculated

Enclosure value)
HI-TRAC 125 19.041 35.0 1.84
HI-TRAC 100 23.00 35.0 1.52

All safety factors are greater han 1.0; the Level A load condition governs.

MI-STORM FSAR
REPORT H-2002444

Proposed Rev. 2B
3.4-49



3.4.4.3.3.2 Lead Slump in HI-TRAC 125 - Horizontal Drop Event (Case 02.b in Table 3.1.5)

During a side drop ofthe HI-TRAC 125 transfer cask, the lead shielding must be shown not to slump
and cause significant amounts of shielding to be lost in the top area of the lead annulus. Slumping of
the lead is not considered credible in the HI-TRAC transfer cask because of:

a. the shape of the interacting surfaces
b. the ovalization of the shell walls under impact
c. the high coefficient of friction between lead and steel
d. The inertia force from the MPC inside the HI-TRAC will compress the inner shell at

the impact location and locally 'pinch" the annulus that contains the lead-, this
opposes the tendency for the lead to slump and open up the annulus at the impact
location.

Direct contact of the outer shell of the HI-TRAC with the ISFSI pad is not credible since there is a
waterjacket that surrounds the outer shell. The waterjacket metal shell will experience most ofthe
direct impact. Nevertheless, to conservatively analyze the lead slump scenario, it is assumed that
there is no waterjacket, the impact occurs far from either end of the HI-TRAC so as to ignore any
strengthening of the structure due to end effects, the impact occurs directly on the outer shell of the
HI-TRAC, and the contact force between HI-TRAC and the MPC is ignored. All of these
assumptions are conservative in that their imposition magnifies any tendency for the lead to slump.

To confirm that lead slump is not credible, a finite element analysis of the lead slump problem,
incorporating the conservatisms listed above, during a postulated HI-TRAC 125 horizontal drop (see
Figure 3.4.22) is carried out. Details of the analysis (finite element model and plotted results) aE
presented in Appendix 3.F. The HI-TRAC 125 cask body modeled consists only of an inner steel
shell, an outer steel shell, and a thick lead annulus shield contained between the inner and outer shell.
A unit length of H-TRAC is modeled and the contact at the lead/steel interface is modeled as a

compression-only interface. Interface frictional forces are conservatively neglected. As the HI-TRAC
125 has a greater lead thickness, analysis ofthe HI-TRAC 125 is considered to bound the Hl-TRAC
100125. Furthermore, since there are no differences between the HI-TRAC 125 and the Hl-TRAC
125D with respect to the finite element model, the results are valid for both 125-Ton transfer casks.

The analysis is performed in two parts:

First,- to maximize the potential for lead/steel separation, the shells are ignored and the gap elements
grounded. This has the same effect as assuming the shells to be rigid and maximizes the potential
and magnitude of any separation at the lead/steel interface (and subsequent slump). This also
maximizes the contact forces at the portion ofthe interface that continues to have compression forces
developed. The lead annulus is subjected to a 45g deceleration and the deformation, stress field, and
interface force solution developed. This solution establishes a conservative result for the movement
of the lead relative to the metal shells.
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In the second part of the analysis, the lead is removed and replaced by the conservative (high)
interface forces from the first part of the analysis. These interface forces, together with the 45g
deceleration-induced inertia forces from the shell self weight are used to obtain a solution for the
stress and deformation field in the inner and outer metal shells.

The results of the analysis described in Appendix 3 A,-are as follows:

a. The maximum predicted lead slump at a location 180 degrees from the impact point
:is 0. 1". This gap decreases gradually to 0.0" after approximately 25 degrees from the
vertical axis. It is shown in Appendix 3.F that tlhe decrease in the diameter of the
inner shell ofthe transfer cask (in the direction of the deceleration) is approximately
0.00054". This demonstrates that ovalization ofthe HI-TRAC shells does not occur.
Therefore, the lead shielding deformation is confined to a local region with negligible
deformation of the confining shells.

b. - The stress intensity distribution in the shells demonstrates that high stresses are
concentrated, as anticipated, only near the assumed point of impact with the ISFSI
pad. The value of the maximum stress intensity (51,000 psi) remains below the
allowable stress intensity for primary membrane plus primary bending for a Level D
event (58,700 psi). Thus, the steel shells continue to perform their function and
contain the lead. The stress distribution, obtained using the conservatively large
interface forces, demonstrates that permanent deformation could occur only in a
localized region near the impact point Since the 'real" problem precludes direct
impact with the outer shell, the predicted local yielding is simply a result of the
conservatisms imposed in the model.

It is concluded that a finite element analysis ofthe lead slump under a 45g deceleration in a side drop
clearly indicates that there is no appreciable change in configuration of the lead shielding and no
overstress of the metal shell structure. Therefore, retrievability of the MRC is not compromised and
the HI-TRAC transfer cask continues to provide shielding.

3.4.4.3.3.3 HI-TRAC Lid Stress Analysis During HI-TRAC Drop Accident (Load Case 02.b in
Table 3.1.5)

Appendix 3 hAD presents te stress in the I-TRAC 125 transfer lid is analyzed stress analys
when the lid is subject to the deceleration loads of a side drop. Figure 3.4.22 is a sketch of the
scenario. The analysis shows it is shown in Appendix 3AD) that the caskbody, under a deceleration
of 45g's, will not separate from the transfer lid during the postulated side drop. This event is
considered a Level D event in the ASME parlance.

The bolts that act as doorstops to prevent opening of the doors are also checked in this appendixfor
their load capacity. It is required that sufficient shear capacity exists to prevent both doors from
opening and exposing the MPC.
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The only difference between the HI-TRAC 100 and the HI-TRAC 125 transfer lid doors is that the
HI-TRAC 100 has less lead and has no middle steel plate. Append 3A A present analyses A similar
analysis ofto Appendix 3 AD for the lH-TRAC 100 andshows that all safety fictors are greater han
1.0. The table given below summarizes the resultsfor both unicorunc in Appendices 3 AD and 3-.AJ:

Transfer Lid Attachment Integrity Under Side Drop

Item - Shear Value (kidp) or (ksi) Capacity (kip) or Safety Factor-
Capacity (ksi) Capacity/Value

HI-TRAC 125 1,272.0 1,770.0 1.392
Attachment (kip)

H-TRAC 125 Door 20.24 48.3 2.387
Lock Bolts (ksi)

FI-TRAC 100 1,129.0 1,729.0 1.532
Attachment
(ip)

FH-TRAC 100 Door 13.81 48.3 3.497
Lock Bolts (ksi)

All safety factors are greater than 1.0 and are based on actual interface loads. The actual interface|
load for both transfer casks is computed in Appendix 3.AN. For the HI-TRAC 125 and the HI-TRAC I
100, the interface load (primary impact at transfer lid) computed from the handling accident analysis
is bounded by the values given below:

The H1-TR.AC 125D transfer cask does not utilize a transfer lid. Instead, the MPC is transferred to
or from a storage overpack using the HI-TRAC pool lid and a special mating device. Therefore, an
analysis is performed to demonstrate that the pool lid will not separate from the cask body during the
postulated side drop. The results of this analysis are summarized in the following table.
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m-TRAC 125D Pool Lid Attachment Integrity Under Side Drop

Item Calculated Allowable Safety
Value Limit Factor

Lateral Shear Force (kips) - 562.5 1083 1.925
Maximum Bolt Tensile Stress (ksi) 11.41, 116.4 10.20
Combined Tension and Shear Interaction 0.279 1.00 3.58

3.4.4.3.3.4 Stress Analsis of the Hl-TRAC Water Jacket (Load Case 03 in Table 3.1.5)

The water jacket is assumed subject to internal pressure from pressurized water and gravity water
head. Calculations are performedfortheHI-TRAC125, the HI-RAC 125D, and theHI-TRAC 00
to determine the waterjacket stress under internal pressure plus hydrostatic load-alrfenaed-in
Appendix 3 AG for the HI TRAC 125 and the HI TRAC 100. Results are obtained for the water
jacket configuration and the connecting welds for all bethiEI-TRAC transfer casks. The table below
summarizes the results of the analysesa sperformed in Appendix 3.AG, as well as the results of
similar clclations for- the HI RA. i .. 5D.

Water Jacket Stress Evaluation _

Item: Value Allowable Safety
u ~~~Item ki s)

.__________________________________kQ Factor
HI-TRAC 125 Water Jacket Enclosure Shell Panel Bending Stress 18.41 26.25 1.426

HI-TRAC 100 Water Jacket Enclosure Shell Panel Bending Stress - 22.47 2625 1.168

HM-TRAC 125 Water Jacket Bottom Flange Bending Stress 18.3 2625 1.434

HI-TRAC 100 Water Jacket Bottom Flange Bending Stress 16.92 26.25 1.551

HI-TRAC 125 Weld Stress - Enclosure Panel Single Fillet Weld 2.22 21.0 9.454

HI-TRAC 100 Weld Stress - Enclosure Panel Single Fillet Weld 1.841 - 21.0 11.408

HI-TRAC 125 Weld Stress - Bottom Flange to Outer Shell Double 14.79 21.0 1.42
Fillet Weld .

H-TRAC 125-Enclosure PanelDirectStress 1.571 17.5 11.142

HI-TRAC 100 - Enclosure Panel Direct Stress - 1.736 17.5 10.84

HI-TRAC 125D Water Jacket Bottom Flange Bending Stress 18.88 26.25 1.39

HI-TRAC 125D Water Jacket Enclosure Shell Panel Bending 10.80 26.25 2.43

HI-TRAC 125D Weld Stress - Enclosure Panel to Radial Rib Plug 1.093 17.5 16.01

HI-TRAC 125D Weld Stress - Bottom Flange to Outer Shell Single 3.133 21.0 6.70
Fillet W eld _ _ _ _ _ _ _ _ _ _ _ _ _ _

H-STORM FSAR
REPORT HM-2002444

Proposed Rev. 2B
I ro.

3.4-53



3.4.4.3.3.5 HI-TRAC Top Lid Separation (Load Case 02.b in Table 3.1.5)

Appendix 3.ATh examines t7he potential of top lid separation under a 45g deceleration side drop
event requires examination. It is concluded by analysis that the connection provides acceptable
protection against top lid separation. It is also shown that the bolts and the lid contain the MPC
within the HI-TRAC cavity during and after a drop event The results from the I-TRAC 125 bound
the corresponding results from the HI-TRAC 100 because the top lid bolts are identical in the two
units and the HI-TRAC 125 top lid weighs more. The analysis also bounds the HI-TRAC 125D
because the postulated side drop of the EH-TRAC 125, during which the transfer lid impacts the
target surface, produces a larger interface load between the MPC and the top lid of the HI-TRAC
than the nearly horizontal drop of the HI-TRAC 125D. The table below provides the results of the
bounding analysis.

m-TRAC Top Lid Separation Analysis

Item Value Capacity Safety Factor-
__________ _________ _______ __ _________C apacity/V alue

Attachment Shear 123,750 957,619 7.738
Force (lb.) Force inS

Tensile Force in Stud 132,000 1,117,222 8.464
(lb .)_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _

Bending Stress in Lid (ksi) 35.56 58.7 1.65

Shear Load per unit Circumferential
Length in Lid (lbJin) 533.5 29,400 55.10

3.4.4.4 Comparison with Allowable Stresses

Consistent with the formatting guidelines of Reg. Guide 3.61, calculated stresses and stress
intensities from the finite element and other analyses are compared with the allowable stresses and
stress intensities defined in Subsection 3.1.2.2 per the applicable sections of [3.4.21 and [3.4.4] for
defined normal and off-normal events and [3.4.3] for accident events (Appendix F).

3.4.4.4.1 MPC

Table 3.4.6 provides summary data extracted from the numerical analysis results for the fuel basket,
enclosure vessel, and fuel basket supports based on the design basis deceleration. The results
presented in Table 3.4.6 do not include any dynamic amplification due to internal elasticity of the
structure (i.e., local inertia effects). Appendix 3.X-Calculations suggests that a uniform conservative
dynamic amplifier would be 1.08 independent ofthe duration of impact Ifwe recognize that the tip-
over event for HI-STORM 100 is a long duration event, then a dynamic amplifier of 1.04 is
appropriate. The summary data provided in Table 3A.3 and 3.4.4 gives the lowest safety factor
computed for the fuel basket and for the MPC, respectively. Safety factors reportedfor the MtPC
shell in Table 3.4.4 are based on allowable strengths at 500 deg. F. Modification of the fuel basket
safety factor for dynamic amplification leaves considerable margin.
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Factors of safety greater than 1 indicate that calculated results are less than the allowable strengths.

A perusal of the results in Tables 3.4.3 and 3.4.4 under different load combinations for the fuel
basket and the enclosure vessel reveals that all factors of safety are above 1.0 even ifwe use the most
conservative value for dynamic amplification factor. The relatively modest factor of safety in the fuel
basket under side drop events (Load Case F3.b and F3.c) in Table 3.43 warrants further explanation
since a very conservative finite element model of the structure has been utilized in the analysis.

The wall thickness of the storage cells, which is by far the most significant variable in a fuel basket's
structural strength, is significantly greater in the MPCs than in comparable fuel baskets licensed in
the past. For example, the cell wall thickness in the TN-32 basket (Docket No. 72-1021, M-56), is
0.1 inch and that in the NAC-STC basket (Docket No. 71-7235) is 0.048 inch. In contrast, the cell
wall thickness in the MPC-68 is 0.25 inch. In spite of their relatively high flexural rigidities,
computed margins in the fuel baskets are rather modest This is because of some assumptions in the
analysis that lead to an overstatement of the state of stress in the fuel basket For example:

i. The section properties of longitudinal fillet welds that attach contiguous cell walls to
each other are completely neglected in the finite element model (Figure 3.4.7).'The
fillet welds strengthen the cell wall section modulus at the very locations where
maximum stresses develop.

ii. The radial gaps at the fuel basket-MPC shell and at the MPC shell-storage overpack
interface are explicitly modeled. As the applied loading'is incrementally increased,
the MPC shell and fuel basket deform until a "rigid" backing surface of the storage
overpack is contacted, malting further unlimited deformation under lateral loading
impossible. Therefore, some portion of the fuel basket-and enclosure vessel (EV)
stress has the characteristics of secondary stresses (which by definition, are self-
limited by deformation in the structure to achieve compatibility). For
conservativeness in the'incremental analysis, we make no distinction between
deformation controlled (secondary) stress and load controlled (primary) stress in the
stress categorization of the MPC-24, 32, and 68 fuel baskets. We treat all stresses,
regardless of their origin, as primary stresses. Such a conservative interpretation of
the Code has a direct (adverse) effect on the computed safety-factors. As noted
earlier, the results for the MPC-24E are properly based only on primary stresses to
illustrate the conservatism in the reporting of results for the M£PC-24, 32, and 68
baskets.

iii. A uniform pressure simulates the SNF inertia loading on the cell panels, which is a
most conservative approach for incorporating the SNF/cell wall structure interaction.

The above assumptions act to depress the computed values of factors of safety in the fuel basket
finite element analysis and render conservative results.
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The reported factors of safety do not include the effect of dynamic load amplifiers. As-notedi
Appendices 3.A and 3.X, t7he duration of impact and the predominant natural fiequency of the
basket panels under drop events result in the dynamic load factors that do not exceed 1.08.
Therefore, since all reported factors of safety are greater than the DLF, the MPC is structurally
adequate for its intended functions.

Tables 3.4.7 and 3.4.8 report stress intensities and safety factors for the confinement boundary
subject to internal pressure alone and internal pressure plus the normal operating condition
temperature with the most severe thermal gradient. The final values for safety factors in the various
locations of the confinement boundary provide assurance that the MPC enclosure vessel is a robust
pressure vessel.

3.4.4.4.2 Storage Overpack and HI-TRAC

The result from analyses of the storage overpack and the HI-TRAC transfer cask is shown in Table
3.4.5. The location of each result is indicated in the table. Safety factors for lifting operations where
three times the lifted load is applied are reported in Section 3.4.3.

The table shows that all allowable stresses are much greater than their associated calculated stresses
and that safety factors are above the limit of 1.0.

3.4.4.5 Elastic Stability Considerations

3.4.4.5.1 MPC Elastic Stability

Stability calculations for the MPC have been carried out in the HI-STAR 100 FSAR, Docket Number
72-1008. BAppendix 31. Th calclations in that submittal bond calcations for the AlC in l
STORM 100 since all loadings are identical except for the peak deceleration under accident events,
which has been reduced from 60g's to 159s. Using the identical methodology with input loads and
decelerations appropriate to the HI-STORM, safetyfactors > 1.0 are obtainedfor all relevant load
cases. Note thatfor HI-STORM; the design external pressure differential is reduced to 0. 0 psi, and
the peak deceleration under accident events is reducedfrom 60g's(HI-STAR) to 45g's.

3.4.4.5.2 HI-STORM 100 Storage Overpack Elastic Stability

HI-STORM 100 (and IOOS) storage overpack shell buckling is not a credible scenario since the two
steel shells plus the entire radial shielding act to resist vertical compressive loading. Subsection
3.4.4.3.2.3 develops values for compressive stress in the steel shells ofthe storage overpack. Because
of the low value for compressive stress coupled with the fact that the concrete shielding backs the
steel shells, we can conclude that instability is unlikely. Note that the entire weight of the storage
overpack can also be supported by the concrete shielding acting in compression. Therefore, in the
unlikely event that a stability limit in the steel was approached, the load would simply shift to the
massive concrete shielding. Notwithstanding the above comments, stability analyses of the storage
overpack have been performed for bounding cases of longitudinal compressive stress with nominal
circumferential compressive stress and for bounding circumferential compressive stress with
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nominal axial compressive stress. This latter case is for a bounding all-around external pressure on
the HI-STORM 100 outer shell. The latter case is listed as Load Case 05 in Table 3.1.5 and is
performed to demonstrate that explosions or other environmental events that could lead to an all-
around external pressure on the outer shell do not cause a buckling instability. ASME Code Case N-
284, a methodology accepted by the NRC, has been used for this analysis. Aru..J ? A1, report
results of lnalyses perfe t of this MAR. In that appendix;47he storage
overpack shells are examined individually -assuming that the four radial plates provide
circumferential support against a buckling deformation-mode. The analysis ofthe storage overpack
outer shell for a bounding external pressure of

p =30 psi

that, together with a nominal compressive axial load that bounds the dead weight load at the base of
the outer shell, gives a safety factor against an instability of(see Lead Case 3 in Appendix 3-AK):

Safety Factor= (1/OA66) x1.34 =2.88

The factor 1.34 is included in the above result since the analysis methodology of Code Case N-284
builds in this factor for a stability analysis for an accident condition.

The external pressure for the overpack stability considered here significantlybounds the short-time
10 psi differential pressure (between outer shell and internal annulus) specified in Table 2.2.l.-

The same postulated external pressure condition can also act on the HI-TRAC during movement
from the plant to the ISFSI pad. In this case, the lead shielding acts as a backing for the outer shell of
the HI-TRAC transfer cask just as the concrete does for the storage overpack. The waterjacket metal
structure provides considerable additional structural support to the extent that it is reasonable to state
that instability under external pressure is not credible. If it is assumed that the all-around water jacket
support is equivalent to the four locations of radial support provided in the storage overpack, then it
is clear that the instability result for the storage overpack bounds the results for the HI-TRAC
transfer cask. This occurs because the R/t ratio (mean radius-to-wall thickness) of the HI-TRAC
outer shell is less than the corresponding ratio for the HI-STORM storage overpack. Therefore, no
HI-TRAC analysis is pefo-rmed in p ;.

3.4.5 Cold

A discussion of the resistance to failure due to brittle fracture is provided in Subsection 3.1.2.3.

The value of the ambient temperature has two principal effects on the HI-STORM 100 System,
namely:

i. 'The steady-state temperature of all material points in the cask system will go up or
down by the amount of change in the ambient temperature.
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ii. As the ambient temperature drops, the absolute temperature of the contained helium
will drop accordingly, producing a proportional reduction in the internal pressure in
accordance with the Ideal Gas Law.

In other words, the temperature gradients in the system under steady-state conditions will remain the
same regardless of the value of the ambient temperature. The internal pressure, on the other hand,
will decline with the lowering of the ambient temperature. Since the stresses under normal storage
condition arise principally from pressure and thermal gradients, it follows that the stress field in the
MPC under -40 degree F ambient would be smaller than the "heat" condition of storage, treated in
the preceding subsection. Additionally, the allowable stress limits tend to increase as the component
temperatures decrease.

Therefore, the stress margins computed in Section 3.4.4 can be conservatively assumed to apply to
the "cold" condition as well.

Finally, it can be readily shown that the HI-STORM 100 System is engineered to withstand "cold"
temperatures (40 degrees F), as set forth in the Technical Specification, without impairment of its
storage function.

Unlike the MPC, the HI-STORM 100 storage overpack is an open structure; it contains no pressure.
Its stress field is unaffected by the ambient temperature, unless low temperatures produce brittle
fracture due to the small stresses which develop from self-weight of the structure and from the
minute difference in the thermal expansion coefficients in the constituent parts of the equipment
(steel and concrete). To prevent brittle fracture, all steel material in rn-STORM 100 is qualified by
impact testing as set forth in the ASME Code (Table 3.1.18).

The structural material used in the MPC (Alloy X) is recognized to be completely immune from
brittle firacture in the ASME Codes.

As no liquids are included in the HI-STORM 100 storage overpack design, loads due to expansion of
freezing liquids are not considered. The HI-TRAC transfer cask utilizes demnineralized water in the
waterjacket However, the specified lowest service temperature for the HI-TRAC is 0 degrees F and
a 25% ethylene glycol solution is required for the temperatures from 0 degrees F to 32 degrees F.
Therefore, loads due to expansion of freezing liquids are not considered.

There is one condition, however, that does require examination to insure ready retrievability of the
fuel. Under a postulated loading of an MPC from a H[-TRAC transfer cask into a cold HI-STORM
100 storage overpack, it must be demonstrated that sufficient clearances are available to preclude
interference when the "hot" MPC is inserted into a "cold" storage overpack. To this end, an
bounding analysis for free thermal expansions under cold conditions of storage has been performed
in Subsection 4.4.5Appendix 3.AF, wherein the PC shell is postulated at its maximum design basis
temperature and the thermal expansion of the overpack is ignored. The storage overpack is-assumed
to have been uniformly cooled to 0 degrees F from its normal assembly temperature (assumed as 70
degrees F in all analyses). The MPC is assumed to have the temperature distribution associatedwi
being contained within a HI TRAC transfer cask. For additional conservatism in the analysis, the
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MPC temperatures for the "hot condition of storage" (100 degrees F ambient) in a HI TRAC are
used to maximize the radial and axial growth of the loaded MPC. These MPC temperatures are
aailAlle in Appendix 3.1. The results from the evaluationof freethermal expansiondesonbed above
and carried out in detail in Appendix 3 AF for this "cold condition of transfer" are summarized in
Subsection 4.4.5.the tablebelosw: Thefinal radial clearance (greaterthan 0.25" radial) issufficient
to preclude jamming of the MPC upon insertion into a cold HI-STORM 100 storage overpack

HOT CANISTER COLD HI STORM

Rd..#.ial~ DedIou (in) "xa! Dircction (in.

Initial Fnal Inftia Mial Clear-an"c
Uait Clanoe Glearnee Ckanee
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rn-STORM 100 Kinematic Stability under Flood Condition (Load Case A in Table
3.1.1)

The flood condition subjects the HI-STORM 100 System to external pressure, together with a
horizontal load due to water velocity. Because the HI-STORM 100 storage overpack is equipped
with ventilation openings, the hydrostatic pressure from flood submergence acts only on the MPC.
As stated in subsection 3.1.2.1.1.3, the design external pressure for the MPC bounds the hydrostatic
pressure from flood submergence. Subsection 3.4.4.5.2 has reported a positive safety factor against
instability from external pressure in excess of that expected from a complete submergence in a flood.
The analysis performed below is also valid for the H-STORM 0O0S.

The water velocity associated with flood produces a horizontal drag force, which may act to cause
sliding or tip-over. In accordance with the provisions of ANSI/ANS 57.9, the acceptable upper bound
flood velocity, V, must provide a minimum factor of safety of 1.1 against overturning and sliding.
For rn-STORM 100, we set the upper bound flood velocity design basis at 15 feet/sec. Subsequent
calculations conservatively assume that the flow velocity is uniform over the height of the storage
overpack.

The overturning horizontal force, F, due to hydraulic drag, is given by the classical formula:

F=CdAV
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where:

V is the velocity head = P2•-; (p is water weight density, and g is acceleration due

to gravity).

A: projected area of the HI-STORM 100 cylinder perpendicular to the fluid velocity
vector.

Cd: drag coefficient

The value of Cd for flow past a cylinder at Reynolds number above 5E+05 is given as 0.5 in the
literature (viz. Hoemer, Fluid Dynamics, 1965).

The drag force tending to cause HI-STORM 100's sliding is opposed by the friction force, which is
given by

Ff=pXW

where:
= limiting value of the friction coefficient at the HI-STORM 100IISFSI pad interface

(conservatively taken as 0.25, although literature citations give higher values).

K = buoyancy coefficient (documented in HI-98 1928, Structural Calculation Package for
HI-STORM 100 (see citation in Subsection 3.6.4).

W: Minimum weight of HI-STORM 100 with an empty MPC.

Sliding Factor of Safety

The factor of safety against sliding, bi, is given by

.. Ff = KW
F CdAV

It is apparent from the above equation, 1, will be minimized if the empty weight of HI-STORM 100
is used in the above equation.

As stated previously, p,= 0.25, Cd = 0.5.

V corresponding to 15 ft./sec. water velocity is 218.01 lb per sq. ft.
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A = length x diameter of HI-STORM 100 = 132.5" x 231.25"/144 sq. inisq.fr = 212.78 sq. fLt

K = buoyancy factor = 0.64 (per calculations in 1-981928)

W = empty weight of overpack w/ lid = 270,000 lbs. (Table 3.2. 1)

Substituting in the above formula for A, we have

1.86 > 1.1 (required)

Since the weight of the HI-STORM lOOS plus the weight of an empty MPC-32 (i.e., the lightest
MPC) is greaterthan 270,000 lb, the above calculation is also valid for the HI-STORM 10.

Overturnini Factor of Safety

For determining the margin of safety against overturning b2, the cask is assumed to pivot about a
fixed point located at the outer edge of the contact circle at the interface between HI-STORM 100
and the ISFSI. The overturning moment due to a force FT applied at height H is balanced by a
restoring moment from the reaction to the cask buoyant force KW acting at radius D12.

FTH7=KW D

=KWD
FT

W is the empty weight of the storage overpack

We have,

W = 270,000 lb. (Table 3.2.1)

H = 119.2" (maximum height of mass center per Table 32.3)

D = 132.5" (Holtec Drawing 1495)

K = 0.64 (calculated in 1-981928)

FT = 96,040 lb.

FT is the horizontal drag force at incipient tip-over.

F = Cd A V = 23,194 lbs. (drag force at 15 feet/sec)
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The safety factor against overturning, 02, is given as:

182 = FT = 4.14 > 1. 1 (required)

This result bounds the result for the HI-STORM I 00S since the calculation uses a conservative lower
bound weight and a bounding height for the center of gravity.

In the next subsection, results are presented to show that the load F (equivalent to an inertial
deceleration of F/360,000 lb = 0.0644 g's applied to the loaded storage overpack) does not lead to
large global circumferential stress or ovalization of the storage overpack that could prevent ready
retrievability of the MPC. It is shown in Subsection 3.4.7 that a horizontal load equivalent to 0.47g's
does not lead to circumferential stress levels and ovalization of the HI-STORM storage overpack to
prevent ready retrievability of the MPC. The load used for that calculation clearly bounds the side
load induced by flood.

3.4.7 Seismic Event and Explosion - HI-STORM 100

3.4.7.1 Seismic Event (Load Case C in Table 3.1.1)

Overturnil! Analysis

The HI-STORM 100 System plus its contents may be assumed to be subject to a seismic event
consisting of three orthogonal statistically independent acceleration time-histories. For the
purpose of performing a conservative analysis to determine the maximum ZPA that will not
cause incipient tipping, the rH-STORM 100 System is considered as a rigid body subject to a net
horizontal quasi-static inertia force and a vertical quasi-static inertia force. This is consistent with
the approach used in previously licensed dockets. The vertical seismic load is conservatively
assumed to act in the most unfavorable direction (upwards) at the same instant. The vertical
seismic load is assumed to be equal to or less than the net horizontal load with s being the ratio
of vertical component to one of the horizontal components. For use in calculations, define DBASE

as the contact patch diameter, and HCG as the height of the centroid of an empty HI-STORM 100
System (no fuel). Conservatively, assume

DBASE = 132.5" (Drawing 1495, Sheet 1 specifies 133.875" including overhang for welding)

Tables 3.2.1 and 3.2.3 give HI-STORM 100 weight data and center-of-gravity heights.

The weights and center-of-gravity heights are reproduced here for calculation of the composite
center-of-gravity height of the storage overpack together with an empty MPC.
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Weight (pounds)

Overpack - W= = 270,000
MPC-24 - W24 = 42,000
MPC-68 - Wu = 39,000
MPC-32 -W 32 = 36,000
MPC-24E - W24E -= 45,000

C.G. Height (Inches): H

116.8
109.0 + 24 = 13 3 .0O
111.5 +24=135.5
113.2 + 24 = 137.2
108.9 + 24 = 132.9

The height of the composite centroid, HOG, is determined from the equation

Hg= wx 116.8+wcx H
We + WmPC

Performing the calculations for all of the MPCs gives the following results:

ILg (inches)

MPC-24 with storage overpack
MPC-68 with storage overpack
MPC-32 with storage overpack
MPC-24E with storage overpack

118.98
119.16
119.20
119.10

A conservative overturning stability limit is achieved by using the largest value of HCG (call it H)
from the above. Because the El-STORM 100 System is a radially symmetric structure, the two
horizontal seismic accelerations can be combined vectorially and applied as an overturning force at
the C.G. of the cask. The net overturning static moment is

;; - WGBH B0--

where W is the total system weight and GH is the resultant zero period acceleration seismic loading
(vectorial sum of two orthogonal seismic loads) so that WGH is the inertia load due to the resultant
horizontal acceleration. The overturning moment is balanced by a vertical reaction force, acting at
the outermost contact patch radial location r = DBSE/2. The resistive moment is minimized when the
vertical zero period acceleration Gv tends to reduce the apparent weight of the cask. At that instant,
the moment that resists "incipient tipping" is:

t From Table 3.23, it is noted that MPC C.G. heights are measured fiom the base of the MPC. Therefore, the
thickness of the overpack baseplate and the concrete MPC pedestal must be added to determine the height
above ground.

HI-STORM FSAR
REPORT HI-2002444

Proposed Rev. 2B
3.4-63



W(I-Gv)r

Performing a static moment balance and eliminating W results in the following inequality to ensure a
"no-overturning condition:

r r
GH +Hv <HHH H

Using the values of r and H for the HI-STORM 100 (r = 66.25", H = 119.20"), representative
combinations of GH and Gv that satisfy the limiting equality relation are computed and tabulated
below:

Acceptable Net Horizontal Acceptable Vertical
G-Level (-STORM100), GHGLevel, Gv

0.467 0.16

0.445 0.20

0.417 0.25

0357 0.357

We repeat the above computations using the weight and c.g. location of the HI-STORM
IOOS(232). Because of the lowered center of gravity positions, the maximum net horizontal "G"
levels are slightly increased.

Performing the calculations for all of the MPCs gives the following results:

Kg (inches)

MPC-24 with storage overpack
MPC-68 with storage overpack
MPC-32 with storage overpack
MPC-24E with storage overpack

113.89
114.07
114.11
114.01

Using the values of r and H for the EH-STORM 1OOS(232) (r = 66.25", H = 114.11"),
representative combinations of GH and Gv that satisfiy the limiting equality relation are computed
and tabulated below:
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Acceptable Net Horizontal Acceptable Vertical
G-Level (HI-STORM 10OS(232)), GB G-Level, Gv

0.488 0.16

0.464 0.20

0A35 0.25

0.367 0.367

The limiting values of GH and Gv for the HI-STORM 100S(243), which is taller than the HI-STORM
100S(232), are the same as the EH-STORM 100.

Primary Stresses in the HI-STORM 100 Structure Under Net Lateral Load Over 180 degrees of the

Under a lateral loading, the storage overpack will experience axial primary membrane stress in the
inner and outer shells as it resists bending as a "beam-like" structure. Under the same kind of lateral
loading over one-half of the periphery of the cylinder, the shells will tend to ovalize under the
loading and develop circumferential stress. Calculations for stresses in both the axial and
circumferential direction are required to demonstrate satisfaction of the Level D structural integrity
requirements and to provide confidence that the MPC will be readily removable after a seismic
event, if necessary. An assessment of the stress state in the structure under the seismic induced load
will be shown to bound the results for any other condition that induces a peripheral load around part
of the HI-STORM 100 storage overpack perimeter. The specific analyses are performed using the
geometry and loading for the EH-STORM 100; the results obtained for stress levels and the safety
assessment are also applicable to an assessment of the HI-STORM 100S.

A simplified calculation to assess the flexural bending stress in the IH-STORM 100 structure under
the limiting seismic event (at which tipping is incipient) is presented in the following:

From the acceptable acceleration table presented above, maximum horizontal acceleration is
bounded by 0.47g. The corresponding lateral seismic load, F, is given by

F = 0.47 W

This load will be maximized if the upper bound HI-STORM 100 weight (W =360,000 lbs. (Table
3.2.1)) is used. Accordingly,

F = (0.47) (360,000) = 169,200 lbs.

No dynamic amplification is assumed as the overpack, considered as a beam, has a natural frequency
well into the rigid range.
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The moment, M, at the base of the HI-STORM 100 due to this lateral force is given by

M=FH
2

where H = height of I-STORM 100 (taken conservatively as 235 inches). Note that the loading has
now been approximated as a uniform load acting over the fill height of the cask.

The flexural stress, a, is given by the ratio of the moment M to the section modulus of the steel shell
structure, z, which is computed to be 12,640 in3 (Structural Calculation Package HI 981928).

Therefore,

=(169,200) (235) =1,573psi
(12,640) (2)

We note that the strength of concrete has been neglected in the above calculation.

The maximum axial stress in the storage overpack shell will occur on the "compressive' side where
the flexural bending stress algebraically sums with the direct compression stress ad from vertical
compression.

From the representative acceleration table the vertical seismic accelerations corresponding to the net
0.47g horizontal acceleration is below 0.16g.

Therefore, using the maximum storage overpack weight (bounded by 270,000 lbs. from data in Table
3.2.1)

(270,000) (1.16) =565 psi

where 554.47 sq. inch is the metal area (cross section) of the steel structure in the HI-STORM 100
storage overpack as computed in Subsection 3.4.4.3.2.1. The total axial stress, therefore, is

0rT = 1,573 + 565 = 2,138 psi

Per Table 3.1.12, the allowable membrane stress intensity for a Level D event is 39,750 psi at 350
degrees F.

I
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-The Factor of Safety, ,B, is, therefore

39,750 = 18.59
2,138

Examination of the stability calculationsfor the overpack outer shell under a'45-g vertical end drop
rcsults for the stability load mase 2 (which considers bounding loads) in Appendix 3 |
demonstrates that no instability will result from this compressive load induced by a seismic or other
environmental load leading to bending of the storage overpack as a beam.

The previous calculation has focussed on the axial stress in the members developed assumn g that
the storage overpack does not overturn but resists the lateral load by remaining in contact with the
ground and bending like a beam. Since the lateral loading is only over a portion of the periphery,
there is also the potential for this load to develop circumferential stress in the inner and outer shells
to resist ovalization of the shells. To demonstrate continued retrievability of the MPC after a seismic
event, it must be shown that either the stresses remain in the elastic range or that any permanent
deformation that develops due to plasticity doe not intrude into the MPC envelope after the event is
ended. In the following subsection, classicalformulas a classical result from Appendix 3.B for the
deformation of rings under specified surface loadings are is-used to provide a conservative solution
for the circumferential stresses. Specifically, the pB rontains a omplete solution for a
point-supported ring subject to a gravitational induced load, as depicted in the sketch below, is
implemente: aro-d the periphery of theri This solution provides a conservative estimate ofthe
circumferential stress and the deformation of the ring that will develop under the actual applied
seismic load. Specifically, the following classical ring problem, shown in the sketch below, is

appled o otain the circumferential stress and deformation filud 6tepostulated esmcent

Ring supported at base and loaded by its
own weight, w, given per unit
circumferential length.

A

C

2rRw
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The solution in Appendix 343-considers the geometry and load appropriate to a unit length of the
inner and outer shells of the H-STORM 100 storage overpack with a total weight equal to the
overpack bounding weight (no MPC) subject to a 45g deceleration inertial loading. The numerical
resultsfor the 45g tipover event in Appendix 3.B can be directly applied here by multiplying by the
factor "X", where 'T' reflects the differences in the decelerations and the weights used for the
tipover event case considered in Appendix 3.B and for the seismic load case here in this subsection.

X = (0.47g/45g) x (360,000lbJ270,0001b.) = 0.0139

Using this factor on the tipover solution in Appendix 3.B, (Attachment B 1, Case 15.16) gives the
following bounding results for maximum stresses (without regard for sign and location of the stress)
and deformations:

Maximum circumferential stress due to bending moment = (29,310 psi x X) = 407 psi

Maximum circumferential stress due to mean tangential force = (18,900 lbJ2 sq.inch) x X = 131.4
psi

Change in diameter in the direction of the load = -0.11" x X = -0.0015"

Change in diameter perpendicular to the direction of the load = +0.06" x X = 0.0008"

From the above results, it is clear that no permanent ovalization of the storage overpack occurs
during the seismic event and that circumferential stresses will remain elastic and are bounded by the
stresses computed based on considering the storage overpack as a simple beam. Therefore, the safety
factors based on maximum values of axial stress are appropriate. The magnitudes of the diameter
changes that are suggested by the ring solution clearly demonstrate that ready retrievability of the
MPC is maintained after the seismic event.

Because of the low values for the calculated axial stress, the conclusions of the previous section are
also valid for the HI-STORM IOOS.

Potential for Concrete Cracking

It can be readily shown that the concrete shielding material contained within the HI-STORM 100
structure will not crack due to the flexuring action of EH-STORM 100 during a bounding seismic
event that leads to a maximum axial stress in the storage overpack. For this purpose, the maximum
axial strain in the steel shell is computed by dividing the tensile stress developed by the seismic G
forces (for the HI-STORM 100, for example) by the Young's Modulus of steel.

- 1,321 =47.E-06
28E+06

where the Young's Modulus of steel is taken from Table 3.3.2 at 350 degrees F.
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The acceptable concrete strain in tension is estimated from information in ACI-318.1 for plain
concrete. The ratio of allowable tensile stress to concrete Young' Modulus is computed as

Allowable ConcreteStrain = (5 x (0.75) x (f)2y)/(57,000(f)"2) = 65.8E-06

In the above expression, f is the concrete compressive strength..

Therefore, we conclude that considerable margins against tensile cracldng of concrete under the
bounding seismic event exist.

Sliding Analysis

An assessment of sliding of the HI-STORM 100 System on the ISFSI pad during a postulated
limiting seismic event is performed using a one-dimensional "slider block on friction supported
surface" dynamic model. The results for the shorter HE-STORM 100S are comparable. The HI-
STORM 100 is simulated as a-rigid block of mass 'i'. placed on a surfice which is subject to a
sinusoidal acceleration of amplitude 'a'. The coefficient of friction of the block is assumed to be
reduced by a factor a to recognize the contribution of vertical acceleration in the most adverse
manner (vertical acceleration acts to reduce the downward force on the friction interface). The
equation of motion for such a "slider block" is given by:

mx=R+masinwt

where:
x: relative acceleration of the slider block (double dot denotes second derivative of

displacement 'x' in time)

a: amplitude of the sinusoidal acceleration input

co: frequency of the seismic input motion (radians/sec)

t: time coordinate

R is the resistive Coulomb friction force that can reach a maximum value of g(mg)
(= coefficient of friction) and which always acts in the direction of opposite to x(t).

Solution of the above equation can be obtained by standard numerical integration for specified values
of mn, a, w and a. The following input values are used.

a 0.47g

a= 0.84 = 1 - vertical acceleration (vertical acceleration is 0.16g for net horizontal
acceleration equal to 0.47 from the acceleration table provided in the foregoing)
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m = 360,000 lbslg

g= 0.25

For establishing the appropriate value of co, reference is made to the USAEC publication TID-7024,
"Nuclear Reactor and Earthquakes", page 35, 1963, which states that the significant energy of all
seismic events in the U.S. essentially lies in the range of 0.4 to 10 Hz. Taking the mid-point value

co= (6.28) (0.5) (0.4+10) = 32.7 rad/sec.

The numerical solution of the above equation yields the maximum excursion of the slider block xm,,
as 0.12 inches, which is negligible compared to the spacing between casks.

Calculations performed at lower values of co show an increase in x,, with reducing co. At 1 Hz, for
example, x,, = 3.2 inches. It is apparent from the above that there is a large margin of safety against
inter-module collision within the HI-STORM 100 arrays at an ISFSI, where the minimum installed
spacing is over 2 feet (Table 1.4.1).

The above dynamic analysis indicates that the HI-STORM 100 System undergoes minimal lateral
vibration under a seismic input with net horizontal ZPA g-values as high as 0.47 even under a
bounding (from below) low interface surface friction coefficient of 0.25. Data reported in the
literature (ACI-349R (97), Commentary on Appendix B) indicates that values of the coefficient
of friction, A, as high as 0.7 are obtained at steel/concrete interfaces.

To ensure against unreasonably low coefficients of friction, the ISFSI pad design may require a
"broom finish" at the user's discretion. The bottom surface of the HI-STORM 100 is
manufactured from plate stock (i.e. non-machine finish). A coefficient of friction value of 0.53 is
considered to be a conservative numerical value for the purpose of ascertaining the potential for
incipient sliding of the rn-STORM 100 System. The coefficient of friction is required to be
verified by test (see Table 2.2.9).

The relationship between the vertical ZPA, Gv, (conservatively assumed to act opposite to the
normal gravitational acceleration), and the resultant horizontal ZPA GH to insure against
incipient sliding is given from static equilibrium considerations as:

GH + uGv <#

Using a conservative value of i equal to 0.53, the above relationship provides governing ZPA
limits for a HI-STORM 100 (or lOOS) System arrayed in a freestanding configuration. The table
below gives representative combinations that meet the above limit.
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GHaC g's) - .G (in g's)
0.445 - 0.16
0.424 - 0.20
-0.397 - 0.25 -

I - 0.350 0.34

If the values for the DBE event at an ISFSI site satisfy the above inequality relationship for
incipient sliding with coefficient of friction equal to 0.53, then the non-sliding criterion set forth
in NUREG-1536 is assumed to be satisfied a'priori. However, if the ZPA values violate the
inequality by a small amount, then it is permissible to satisfy the non-sliding criterion by
implementing measures to roughen the HI-STORM I00IISFSI pad interface to elevate the value
of 1i to be used in the inequality relation. To demonstrate that the value of . for the ISFSI pad
meets the required value implied by the above inequality, a series of Coulomb friction (under the
QA program described in Chapter 13) shall be performed as follows:

Pour a concrete block with horizontal dimensions no less than 2' x 2' and a block thickness no
less than 0.5'. Finish the top surface of the block in the same manner as the ISFSI pad surface
will be prepared.

Prepare a 6" x 6" x 2" SA516 Grade 70 plate specimen (approximate weight = 20.25 lb.) to
simulate the bottom plate of the HI-STORM 100 overpack. Using a calibrated friction gage
attached to the steel plate, perform a minimum of twenty (20) pull tests to measure the static
coefficient of friction at the interface between the concrete block and the steel plate. The pull
tests shall be performed on at least ten (10) different locations on the block using varying
orientations for the pull direction.

The coefficient of friction to be used in the above sliding inequality relationship will be set as the
average of the results from the twenty tests.

The satisfaction of the "no-sliding" criterion set down in the foregoing shall be carried out along
with the "no-overhuning" qualification (using the static moment balance method in the manner
described at the beginning of this subsection) and documented as part of the ISFSI facility's
CFR72.212 evaluation.

Alternative Evaluation of Overturning and Sliding

In this subsection, an evaluation of the propensityfor thefree standing cask to be in a state of
either incipient overturning or incipient sliding has been performed using a simple static
analysis that is independent of time phasing of the input acceleration time histories and
considers only the Zero PeriodAcceleration (ZPA) obtainedfrom the response spectra. For both
incipient overturning and incipient sliding, the following inequality must be satisfied to ensure
satisfaction of the static criteria.

GH,+ Gr <+G; 1
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For the incipient overturning evaluation, =(radius of cask base/height to loaded cask center-of-
gravity). For the incipient sliding evaluation, u= Coulomb coefficient offriction -=0.53 at the
cask/ISFSIpad interface (unless testing justifies use of a higher value). The inequality has been
derived assuming that the cask is resting on aflat and level surface that is subject to a seismic
event characterized by a response spectra set with the net horizontal and vertical Zero Period
Acceleration (ZPA) denoted by GH and G., respectively.

This "screening" evaluation provides a conservative criterion to insure that top-of-pad
acceleration time histories from the aggregate effect ofsoil structure interaction andffree field
acceleration would not predict initiation of overturning or sliding. If on-the-pad acceleration
time histories are available, the applicable inequality (for overturning and sliding) may be
satisfied at each time instant during the Design Basis Earthquake with GH and Gv representing
coincident values of the magnitude of the net horizontal and vertical acceleration vectors.

3.4.7.2 Explosion (Load Case 05 in Table 3.1.5)

In the preceding subsection, it has been demonstrated that incipient tipping of the storage overpack
will not occur under a side load equal to 0.47 times the weight of the cask. For a fully loaded cask,
this side load is equal to
F = 169,200 lb.

If it is assumed that this side load is uniformly distributed over the height of the cask and that the
cask centroid is approximately at the half-height of the overpack, then an equivalent pressure, P,
acting over 180 degrees of storage overpack periphery, can be defined as follows:

P x (DH) = F

Where D = overpack outside diameter, and H = height of storage overpack

For D = 132.5" and H = 235", the equivalent pressure is

P = 169,200 lb/(132.5" x 235') = 5.43 psi

Therefore, establishing 5 psi as the design basis steady state pressure differential (Table 2.2.1) across
the overpack diameter ensures that incipient tipping will not occur.

Since the actual explosion produces a transient wave, the use of a static incipient tip calculation is
very conservative. To evaluate the margin against tip-over from a short-time pressure pulse, a
Working Model analysis of the two-dimensional dynamic motion of the HI-STORM subject to a
given initial angular velocity is carried out. Figures 3.4.25 and 3.4.26 provide details of the model
and the solution for a HI-STORM 100 System (simulated as a rigid body) having a weight and inertia
property appropriate to a minimum weight cask. The results show that an initial angular velocity of
0.626 radians/second does not lead to a tipover of the storage overpack. The results bound those
obtained for the HI-STORM IOOS(232) since the overall cask height is reduced. The results for the
HI-STORM 100S(243) are roughly equal to the results for the HI-STORM 100 since the differences
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in height and weight are negligible.

The initial angular velocity can be related to a square wave pressure pulse of magnitude P and time
duration T by the following formula:

lo=(PxDxH)x(0.5xH)xT

The above formula relates the change in angular motion resulting from an impulsive moment about
the base of the overpack. D is the diameter of the outer shell, H is the height of the storage overpack,
and I is the mass moment of inertia of the storage overpack about the mass center (assumed to be at
half-height). For D=132.5", H=235", P=10 psi T=l second, and 1=64,277,000 lb.inch sec2

(calculated in Appendix 3.C), the resulting initial angular velocity is:

X = 0.569 radians/second

Therefore, an appropriate short time pressure limit is 10 psi with pulse duration less than or equal to
I second. Table 2.2.1 sets this as the short-time external pressure differential.

The analysis in Subsection 3.4.7.1 evaluates ovalization of the shell by considering the seismically
applied load as a line loading along the height ofthe overpack that is balanced by inertial body forces
in the metal ring. The same solutio .fx can be used to examine the circumferential
stress state that would be induced to resist an external pressure that developed around one-half of the
periphery. Such a pressure distribution maybe induced by a pressure wave crossing the cask from a
nearby explosion. It is shown here, by referenee to solutions in Appendix 3.B, that a uniform
pressure load over one-half of the overpack outer shell gives rise to an elastic stress state and
deformation state that is boundedby a largemarginbythe resultsjustpresentedforthe seismic event
in Subsection 3.4.7.1.

The case of an external pressure load from an explosion pressure wave (Load Case 05 in Table 3.1.5)
is examined by combining the solutionsfor two differentload casfcasel dCe 3 inAppend
3B. The combined case that results is a balance of pressure load over one-half the perimeter and
inertial body forces. The sketch below describes this:
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Case I + Case 3

In Appendix 3. 4,-Both cases are considered under identical total loads (with the angle in case 3
set to 90 degrees). Therefore, adding the results from the two cases results in the desired
combined case; namely, the balance of a peripheral external pressure with internal all around
loading simulating an inertia load (since the reactions are identical in magnitude and opposite in
direction, there is a complete cancellation of the concentrated loads).

Examination of the results in Appendix 343-shows that the algebraic sum ofthe two sets eosolutions
gives results that are smaller in magnitude than the case 1 solution for a line loading balanced by
inertially induced body forces. The applied loading used to develop the solutionfor in Appendix 3-.B,
case 1; is 56,180 lb. per inch of storage overpack axial length. This load is equivalent to an external
pressure P = 424 psi applied over one-half of the outer perimeter of the shell as is shown below:

P x D = 56,180 lbiinch D = 132.5"

P = 424 psi

Since this is higher by a large margin than any postulated external pressure load, circumferential
stresses induced by the differential pressure specified in Table 2.2.1 are insignificant Specifically, by
adding the results from the two solutions (ring load case 1 for a point support reaction to a body
force + ring load case 3 for a point support reaction to a lateral pressure over one-half of the
perimeter) considered in Appendix 3.B, it is determined that the circumferential bending stress from
case I in that appendixis reduced by the factor "R" to obtain the corresponding stress from the
combined case. R is computed as the ratio of moment magnitudes from the combined case to the
results of case 1 alone.

R = (maximum bending moment from case 1 + case 3)/(maximum bending moment from case 1)
= 0.75/6.197 = 0.12

(results for idividual cses are in Appendix 3.B)
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Examination of the graphs from the moment distribution from the two solutions in Appen 3 |
shows that the individual terms always subtract and nearly cancel each other at every location.

Therefore, it is concluded that the maximum circumferential stress that develops under a pressure of
424 psi applied over one-half of the perimeter, and conservatively. assumed balanced by inertia
loading, is

Stress = 29,310 psi x 0.12 = 3517 psi

The stress due to a differential pressure of 10 psi (Table 2.2.1) is only 2.36% of the above value and
needs no further evaluation for stress limits or deformation to demonstrate retrievabilityofthe MPC.

3.4.7.3 Anchored H-STORM Systems Under High-Seismic DBE (Load Case C in Table
3.1.1)

The anchored MI-STORM System (Figures 1.1.4 and 1. 1.5) is assumed to be subjected to quasi-static
inertial seismic loads corresponding to the ZPA design basis limits given in Table 2.2.8. The results
from this quasi-static analysis are used to evaluate structural margins for the preloaded anchor studs
and the sector lugs. In the quasi-static evaluation, the effect ofthe "rattling" ofthe MPC inside ofthe
overpack is accounted for by the imposition of a dynamic load factor of 2.0 on the incremental
stresses that arise during the seismic event In addition to the quasi-static analysis, confirmatory 3-D
dynamic analyses are performed using base acceleration excitation histories developed from two sets
of response spectra. Figure 3.4.30 shows the two sets of response spectra that are assumed to be
imposed at the top ofthe ISFSI pad. One set of response spectra is the RegulatoryGuide 1.60 spectra
for 5% damping with zero period acceleration conservatively amplified to 1.5 in each direction. This
spectra set has been used as the input spectra at many nuclear plants in the U.S. (although generally,
the ZPA was much below 1.0). Three statistically independent acceleration time histories (two
horizontal labeled as "HI", "H2") and one vertical (labeled as "VT) have been developed. A
twenty-second duration event was considered. Figures 3.4.31 to 3.4.33 show the time histories. The
second set of response spectra used for time history analysis has similar levels of zero period
acceleration but has higher peak spectral acceleration values in the low frequency range (2-3 Hz).
This spectra set is the design basis set for a Pacific coast U.S. plant. Figures 3.4.34 to 3.4.36 (
labeled as 'T", "FP" for the two horizontal acceleration histories and "FV" for the vertical
acceleration time history), show the corresponding time histories simulating a long duration seismic
event (170 seconds).

The objectives of the quasi-static and dynamic seismic analyses are the following:

i. Quantify the structural safety factor in the anchor studs and in the sector lugs that
constitute the fastening system for the loaded HI-STORM 100A overpack. The
structural safety factor is defined as -the ratio of the permitted stress (stress intensity)
per Subsection "NF" of the ASME Code to the maximum stress (stress intensity)
developed in the loaded component.'
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ii. Compute the safety factor against fatigue failure of the anchor studs from a single
seismic event

iii. Quantify the interface loads applicable to the ISFSI pad to enable the ISFSI owner to
design the ISFSI pad under the provisions of ACI-349 (85). The bounding interface
loads computed for the maximum intensity seismic event (ZPA) and for extreme
environmental loads may be used in pad design instead of the site-specific loads
calculated for the loadings applicable to the particular ISFSL

The above design objectives are satisfied by performing analyses of a loaded HI-STORM 100A
System using a conservative set of input data and a conservative dynamic model. Calculations using
the quasi-static model assume that the net horizontal inertia loads and the vertical inertia load
correspond to the weight of the loaded cask times the appropriate ZPA. The results from the
analyses are set down as the interface loads, and maybe used in the ISFSI pad design work effort by
the ISFSI owner. The information on the seismic analysis is presented in five paragraphs as follows:

Input data for analysis
Quasi-static model and results
Dynamic model and modeling assumptions.
Results of dynamic analysis
Summary of interface loads

a. Input Data for Analysis:

Key input data for the seismic analysis of a loaded HI-STORM I OOA System is summarized in Table
3.4.10. As can be seen from Table 3.4.10, the input data used in the analysis is selected to bound the
actual data, wherever possible, so as to maximize the seismic response. For example, a bounding
weight of the loaded MPC and TH-STORM 1 OOA overpack is used because an increase in the weight
of the system directly translates into an increased inertial loading on the structure.

For quasi-static analysis, bounding ZPA values of 1.5 in all three directions are used with the vertical
event directed upward to maximize the stud tension. The resulting ZPA's are then further amplified
by the dynamic load factor (DLF=2.0) to reflect "rattling" of the MPC within the overpack. Input
data for anchor stud lengths are representative. We consider long and short studs in order to evaluate
the effect of stud spring rate.

For the confirmatory dynamic analyses, the time history base excitations are shown in Figures 3.4.31
through 3.4.36 and the propensity for "rattling" is included in the model.

b. Quasi-Static Model and Results

We consider the HI-STORM 1OOA baseplate as a rigid plate resting on the ISFSI pad with the twenty-
eight studs initially preloaded so as to impart a compressive load at the baseplate pad interface that is
balanced by a tensile load in the studs prior to the seismic event occurring. The discrete studs are
replaced by a thin ring located at the stud circle radius for analysis purposes. The thickness of the
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thin ring is set so that the ring area is equal to the total stress area of the twenty-eight studs. Figure
3.4.37 shows a view of a segment of the baseplate with the outline of the ring. The ISFSI pad is
represented by a linear spring and a rotational spring with spring constants determined from the exact
solution for a rigid circular punch pressed into a elastic half-space. We assume that subsequent to
pre-tensioning the studs, the seismic event occurs, represented by a net horizontal load DH and a net
vertical load DV. In the analysis, the input loads DH and DV are:

GH= (1.52X 2)1'7 x DLF= 442; G,=1.5 x DLF =3.0

DH = GH x 360,000 lb.; DV =-Gv x 360,000 lb

DH is the magnitude of the vector sum of the two horizontal ZPA accelerations multiplied by the
bounding HI-STORM lOOA weight Similarly, DV is an upward directed load due to the vertical
ZPA acceleration. The upward direction is chosen in order to maximize the stud tension as the
assemblage of studs and foundation resists overturning from the moment induced by DH applied at
the centroid of the cask. Figure 3.4.38 shows the free-body diagram associated with the seismic
event Essentially, we consider an analysis of a pre-compressed interface and determine the interface
joint behavior under the imposition of an external loading (note that this kind of analysis is well
established in the pressure vessel and piping area where it is usually associated with establishing the
effectiveness of a gasketed joint). An analysis is performed to determine the maximum stud tension
that results if the requirement of no separation between baseplate and pad is imposed under the
imposed loading. The following result is obtained from static equilibrium, for a preload stress of 60
ksi, when the "no separation condition" is imposed:

2a/3h, e(Ff,,,,/W + lXl + a)

G9 - 2a/3h. (Gv (I + ax)/(l + a))= 1.016

In the above equation,

Fund = (Total stress area of twenty-eight, 2" diameter studs) x 60 ksi = 4,200,000 lb.

W = Bounding weight of loaded HI-STORM lOOA = 360,000 lb.

a = 73.25 inches,

hkg = 118.5 inches

The coefficients a and al relate the stiffness of the totality of studs to the stiffness ofthe foundation
under direct loading and under rotation. The result given above is for the representative case of stud
free length "L", equal to

L= 42 inches, which gives a and al equal to 0.089 and 0.060, respectively.
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A simplified confirmatory analysis of the above problem can be performed by considering the
limiting case of a rigid baseplate and a rigid ISFSI pad. In the limit of a rigid ISFSI pad (foundation),
the coefficients a and a, go to zero. A related solution for the case of a rigid baseplate and a rigid
foundation can be obtained when the criteria is not incipient separation, but rather, a more "liberal"
incipient rotation about a point on the edge of the baseplate. That solution is given in "Mechanical
Design of Heat Exchangers and Pressure Vessel Components", by Singh and Soler (Arcturus
Publishers, 1984). Theresult is (for 60 ksi prestress in each stud):

a/h., (F 1,dlW + 1) = 1.2 8 4

GH - agoh(Gv )

Although not a requirement of any design code imposed herein, the right hand side of the previous
relationships can be viewed as the safety factor against incipient separation (or rotation about an
edge) at the radius "a". Note that since we have assumed a bounding event, there is an additional
margin of 1.5 in results since the Reg. Guide 1.60 event has not been applied with a ZPA in excess of
1.0.

For the real seismic event associated with a western U.S. plant having a slightly lower horizontal
ZPA and a reduced vertical ZPA (see Figure 3.4.30). Using the same DLF =2.0 to account for
"rattling" of the confined MPC:

GH=4.1; Gv=2.6,

the aforementioned safety factors are:

SF (incipient separation) = 1.076
SF (incipient edging) = 1.372

The increment of baseplate displacement and rotation, up to incipient separation, is computed from
the equilibrium and compatibility equations associated with the free body in Figure 3.4.38 and the
change in stud tension computed. The following formula gives the stud tensile stress in terms of the
initial preload and the incremental change from the application of the horizontal and vertical seismic
load.

W (- G ( 3h,-3 Yc' G~
NA,,. 1-+a t 2a a + +a,))

In the above formula,

N = number of studs = 28 (maximum number based on HI-STORM dimensions). For lower seismic
inputs, this might be reduced (in groups of 4 to retain symmetry).

Awe. = tensile stress area of a 2" diameter stud
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2c = stud circle diameter

The results demonstrate that there is a relatively small change in stud stress from the initial pre-
tension condition with the ISFSI pad foundation resisting the major portion of the overturning
moment. For the geometry considered (maximum stud free length and nominal prestress), the
maximum tensile stress in the stud increases by 9.1%. The following table summarzes the results
from the quasi-static analysis using minimum ultimate strength for the stud to compute the safety
factors. Note that under the seismic load, the direct stress in the stud is limited to 70% of the stud
ultimate strength (per Appendix F of the ASME Code Section Ml). The allowable pad compressive
stress is determined from the ACI Code assuming confined concrete and the minimum concrete
compressive strength from Table 2.0.4. Because ofthe large compressive load at the interface from
the pre-tensioning operation, the large frictional resistance inhibits sliding ofthe casL Consequently,
there will be no significant shear stress in the studs. Safety factors for sliding are obtained by
comparing the ratio of horizontal load to vertical load with the coefficient of friction between steel
and concrete (0.53). Values in parenthesis represent results obtained using ZPA values associated
with the real seismic event for the western U.S. plant instead ofthe bounding Reg. Guide 1.60 event

SUMMARY OF RESULTS FOR STUDS AND INTERFACE FROM QUASI-STATIC
SEISMIC EVALUATION VWe DLF - 2.0, Stud Prestress -60 Icsl

Item- Calculated Value Allowable Value Sa =y Flw (Alowable
._______________________ ValuelCalculated Value)

Stud Stss(ksi) (42" 65.48 (65.18) 87.5 1.336(1.343)
stud firee length)
Maximum Pad 3.126 (3.039) 4.76 1.52 (1.57)
Pressure (ksiX42"
stud free length)
Stud Stress (ksiXI6" 73.04 (72.34) 87.5 1.20 (1.21)
stud free length)
Maximum Pad 2.977 (2.898) 4.76 1.60 (1.64)
Pressure(ksi) (16"
stud firee length) _

Overpack Sliding 0.439 (0.407) 0.53 1.21 (131

The effect of using a minimum stud free length in the embedment design is to increase the values of
the coefficients a and az, because the stud stiffness increases. The increase in stud stiffness, relative
to the foundation stiffness results in an increase in incremental load on the studs. This Is a natural
and expected characteristic of preloaded configurations. It is noted that the stud safety factors are
based on minimum ultimate strength and can be increased, without altering the calculated results, by
changing the stud material.

The quasi-static analysis methodology has also been employed to evaluate the effects of variation in
the initial prestress on the studs. The following tables reproduce the results -above for the cases of
lower bound stud prestress (55 ksi) and upper bound stud prestress (65 ksi) on the studs. Only the
results using the values associated with the Reg. Guide 1.60 bounding event are reported.
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SUMMARY OF RESULTS FOR STUDS AND INTERFACE FROM QUASI- STATIC
SEISMIC EVALUATION WITH DLF - 2.0. Stud Prestress - 55 ksl

Item Calculated Value Allowable Value Safety Factor - (Aflowable
________________ ~~~~~~~ ~~~~~~valueialculated Value)

Stud Stress(ksi) (42" 60.48 87.5 1.45
stud free length) _ _ _ _ _

Maximum Pad 3.012 4.76 1.58
Pressure (ksiX42-
stud fre length) _ _ _ _ _

Stud Stress (ksi)(1 6" 68.07 87.5 1.29
stud free length)
Maximum Pad 2.862 4.76 1.663
Pressure(ksi) (16"
stud free length) _ _ _ _ _

Overpack Sliding 0.488 0.53 1.09

SUMMARY OF RESULTS FOR STUDS AND INTERFACE FROM QUASI- STATIC
SEISMIC EVALUATION WITH DLF -2.0, Stud Petss - 65 ksl

Item Calculated Value Allowable Value Safety Factor - (Aflowabie
Value/Calculated value)

Stud Stress(ksi) (42" 70.48 87.5 1.24
stud free length)__ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _

Maximam Pad 3.24 4.76 1.47
Pressure (ksiX42"
stud free length)_ _ _ _ _ _ _ _ _ _ _

Stud Stress (ksi)(16" 78.07 87.5 1.12
stud free length)_ _ _ _ _ _ _ _ _ _ _

Maximnum Pad 3.091 4.76 1.54
Pressure(ksi) (16"
stud free len g th )_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Overpack Slding 0.399 __0.53 1.33

The results above confirm the expectations that an increase in preload increases the safety factor
against sliding. The calculated coefficient of friction in the above tables is computed as the ratio of
applied horizontal load divided by available vertical load. For all combinations examined, ample
margin against incipient separation at the interface exists.

Based on the results from the quasi-static analysis, an assessment of the safety factors in the sector
lugs is obtained by performing a finite element analysis of a repeated element of one of the sector
lugs. Figure 3.4.39 shows the modeled section and the finite element mesh. The stud load is
conservatively applied as a uniform downward pressure applied over a 5"x5" section of the extended
baseplate simulating the washer between two gussets. This is conservative as the rigidity of the
washer is neglected. The opposing pressure loading from the interface pressure is applied as a
pressure over the entire extended baseplate flat plate surface. Only one half the thickness of each
gusset plate is included in the model. Two cases are considered: (1) the pre-loaded state (a Normal
Condition of Storage-Level A stress limits apply); and, (2), the seismic load condition at the location
of the maximum tensile load in a stud (an Accident Condition of Storage - Level D stress intensity
limits apply). Figures 3.4.40 and 3.4.41 present the stress results for the following representative
input conditions:
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Level A analysis - Preload stress/bolt =60 ksi

Level D analysis - Maximum Bolt stress(includes seismic increment) = 65.5 ksi

In the Level A analysis, the resisting local foundation pressure exactly balances the preload. For the
Level D analysis, the opposing local foundation pressure = 190 psi (average over the area between
gussets. This represents the reduced pressure under the highest loaded stud under the induced
rotation of the storage system.

The most limiting weld stress is obtained by evaluating the available load capacity of the fillet weld
attaching the extended baseplate annulus region to the gussets (approximately 25 inches ofweld per
segment) using a limit strength equal to 42% of the ultimate strength of the base material.

The following table summarizes the limiting safety factors for the sector lugs. Allowable values for
primrmybending stress and stress intensity are from Tables 3.1.10 and 3.1.12 for SA-516 Grade 70 @
300 degrees F.

SUMMARY OF RESULTS FOR SECTOR LUGS FROM QUASI-STATIC SEISMIC EVALUATION
Item Calculated Value Allowable Value Safety Factor

(Allowable
X____________ -________ Value/Calculated Value)

Maximum Primary 15.62 26.3 1.68
Membrane + Bending
Stress Away From Loaded
Region and Discontinuity
(ksi) - Case I - Preload _ _
Maximum Primary 36.67 60.6 1.65
Membrane + Bending
Stress Intensity Away
From Loaded Region and
Discontinuity (ksi) - Case
2 - Preload + Seismic .
Maximum Weld Shear 150.8 194.9 1.29
Load (lips) _ .

c. Dynamic Model and Modeling Assumptions:

The dynamic model of the HI-STORM 0OOA System consists of the following major components.

i. The rH-STORM 100 overpack is modeled as a six degree-of-freedom (rigid body)
component

ii. The loaded MPC is also modeled as a six degree-of-freedom (rigid body) component
that is free to rattle inside the overpack shell. Gaps between the two bodies reflect the
nominal dimensions from the drawings.
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iii. The contact between the MPC and the overpack is characterized by a coefficient of
restitution and a coefficient of friction. For the dynamic analysis, the coefficient of
restitution is set to 0.0, reflecting the large areas of nearly flat surface that come into
contact and have minimal relative rebound. The coefficient of friction is set to 0.5
between all potentially contacting surfaces of the MPC/overpack interface.

iv. The anchor studs, preloaded to axial stress as (Table 3.4.10), induce a contact stress
between the overpack base and the ISFSI pad. The loaded cask-pad interface can
support a certain amount of overturning moment before an uplift (loss of circularity
of the contact patch) occurs. The anchor studs are modeled as individual linear
springs connecting the periphery of the extended baseplate to the ISFSI pad section.
The resistance of the foundation is modeled by a vertical linear spring and three
rotational springs connected between the cask baseplate center point and the surface
of the flat plate modeling the driven ISFSI pad. The ISFSI pad is driven with the
three components of acceleration time history applied simultaneously.

The HI-STORM 100A dynamic model described above is implemented on the public domain
computer code WORKING MODEL (also known as VisualNastran) (See Subsection 3.6.2 for a
description of the algorithm).

Figures 3.4.42 and 3.4.43 show the rigid body components of the dynamic model before and after
assembly. The linear springs are not shown. Mass and inertia properties of the rigid bodies are
consistent with the bounding property values in Table 3.4.10.

c. Results of Dynamic Analysis

Figures 3.4.44 -3.4.47 show results ofthe dynamic analysis using the Reg. Guide 1.60 seismic time
histories as input accelerations to the ISFSI pad. Figure 3.4.44 shows variation in the vertical
foundation compressive force. Figure 3.4.45 shows the corresponding load variation over time for
the stud having the largest instantaneous tensile load. An initial preload of approximately 150,000 lb
is applied to each stud (corresponding to 60,160 psi stud tensile stress). This induces an initial
compression load at the interface approximately equal to 571,000 lb. (including the dead weight of
the loaded HI-STORM). Figures 3.4.44 and 3.4.45 clearly demonstrate that the foundation resists the
majority of the oscillatory and impactive loading as would be expected of a preloaded configuration.
Figure 3.4.46 shows the impulse (between the MPC and HI-STORM 1 OOA) as a function oftime. It
is clear that the "spikes" in both the foundation reaction and the stud load over the total time of the
event are related to the impacts of the rattling MPC. The results provide a graphic demonstration that
the rattling of the MPC inside the overpack must be accounted for in any quasi-static representation
of the event. The quasi-static results presented herein for the anchored system, using a DLF = 2.0, are
in excellent agreement with the dynamic simulation results.

We note that the dynamic simulation, which uses an impulse-momentum relationship to simulate the
rattling contact, leads to results having a number of sharp peaks. Given that the stress intensity limits
in the Code assume static analyses, filtering of the dynamic results is certainly appropriate prior to
comparing with any static allowable strength. We conservatively do not perform any filtering of the
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results prior to comparison with the quasi-static analysis; we note only that any filtering of the
dynamic results to eliminate high-frequency effects resulting from the impulse-momentum contact
model would increase the safety factorsFinally, Figure 3.4.47 shows the ratio of the net interface
horizontal force (needed to maintain equilibrium) to the instantaneous compression force at the
ISFSI pad interface with the base of the HI-STORM 1O0A. This ratio, calculated at each instant of
time from the dynamic analysis results using the Reg. Guide 1.60 event, represents an instantaneous
coefficient of friction that is required to ensure no interface relative movement Figure 3.4.47
demonstrates that the required coefficient of friction is below the available value 0.53. Thus, the
dynamic analysis confirms that the foundation interface compression, induced by the preloading
action, is sufficient to maintain a positive margin against sliding without recourse to any resistance
from the studs.

The results of the dynamic analysis using acceleration time histories from the Reg. Guide 1.60
response spectra (grounded at 1.5 g's) confirmthe ability ofthe quasi-static solution, coupled with a
dynamic load factor, to correctly establish structural safety factors for the anchored cask. The
dynamic analysis confirms that stud stress excursions from the preload value are minimal despite the
large overturning moments that need to be balanced.

A second dynamic simulation has been performed using the seismic time histories appropriate to a
pacific coast U.S. nuclear plant (Figures 3.4.34-3.4.36). The ZPA of these time histories are slightly
less than the Reg. Guide 1.60 time histories but the period of relatively strong motion extends over a
longer time duration. The results from this second simulation exhibit similar behavior as those
results presented above and provide a second confirmation of the validity of the safety factors
predicted by the quasi-static analysis. Reference [3.4.14] (see Subsection 3.8) provides archival
information and backup calculations for the results summarized here.

Stress cycle counting using Figure 3.4.45 suggests 5 significant stress cycles per second provides a
bounding number for fatigue analysis. A fatigue reduction factor of 4 is appropriate forthe studs (per
ASME Code rules). Therefore, a conservative analysis of fatigue for the stud is based on an
alternating stress range of:

S(alt) .5 x (22,300 psi ) x 4 44,600 psi for 5 cycles per second. The value for the stress range is
obtained as the difference between the largest tensile stress excursions from the mean value as
indicated in the figure.

To estimate fatigue life, we use a fatigue curve from the ASME Code for high strength steel bolting
materials (Figure 1.9.4 in Appendix 1, ASME Code Section III Appendices) For an amplified
alternating stress intensity range of 44,600 psi, Figure L9.4 predicts cyclic life of 3,000 cycles.
Therefore, the safety factor for failure of a stud by fatigue during one Reg. Guide 1.60 seismic event
is conservatively evaluated as:

SF(stud fatigue) = 3,000/100 30.
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For the long duration event, even if we make the conservative assumption of a nine-fold increase in
full range stress cycles, the safety factor against fatigue failure of an anchor stud from a single
seismic event is 3.33. Recognizing that the fatigue curve itself is developed from test data with a
safety factor of 20 on life and 4 on stress, the results herein demonstrate that fatigue failure of the
anchor stud, from a single seismic event, is not credible.

d. Summary of Interface Loads for ISFSI Pad Design

Bounding interface loads are set down for use by the ISFSI pad designer and are based on the
validated quasi-static analysis and a dynamic load factor of 2.0:

BOUNDING INTERFACE LOADS FOR ISFSI PAD STRUCTURAIUSEISMIC DESIGN
• (Cask Weight) 360 EIps
D (Anchor Preload @ 65 ksi) 4,S50 odps
B (Vatical Load n1 080 kips-
B (Net Horizontal Surfce Shear load) 1,527.35 kips
B (Ovatuning Moment) 15,083 ldkp-ft

3.4.8 Tornado Wind and Missile Impact (Load Case B in Table 3.1.1 and Load Case 04 in
Table 3.1.5)

During a tornado event, the HI-STORM 100 System is assumed to be subjected to a constant wind
force. It is also subject to impacts by postulated missiles. The maximum wind speed is specified in
Table 2.2.4 and the three missiles, designated as large, intermediate, and small, are described in
Table 2.2.5.

In contrast to a freestanding HI-STORM 100 System, the anchored overpack is capable of
withstanding much greater lateral pressures and impulsive loads from large missiles. The quasi-
static analysis result, presented in the previous subsection, can be used to determine a maximum
permitted base overturning moment that will provide at least the same stud safety factors. This is
accomplished by setting Gv = 0.0, DLF =1 and finding an appropriate GH that gives equal or better
stud safety factors. The resulting value of G*H establishes the limit overturning moment for
combined tornado missile plus wind., ML. (G*H x Weight x ha) is conservatively set as the
maximum permissible moment at the base of the cask due to combined action of lateral wind and
tornado missile loading. Thus, if the lateral force from a tornado missile impact is F at height h and
that from steady tornado wind action is a resultant force W acting at cask mid-height (0.5H), and the
two loads are acting synergistically to overturn the cask, then their magnitudes must satisfy the
inequality

0.5WH + Fh < ML

where the limit moment is established to ensure that the safety factors for seismic load remain
bounding.

ML = 18,667 kip-ft
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Tornado missile impact factors should be factored into -F' prior to determining the validity of the
above inequality for any specific site.

In the case of a free-standing system, the post impact response of the HI-STORM 100 System is
required to assess stability. Both the HI-STORM 100 storage overpack, and the HE-TRAC transfer
cask are assessed for missile penetration.

Appendix 3.C contains The results for the post-impact response of the HI-STORM 100 storage
overpack whereit-is-demo ted that the combination of tornado missile plus either steady
tornado wind or instantaneous tornado pressure drop causes a rotation of the MI-STORM 100 to a
maximum angle of inclination less than 3 degrees from vertical. This is much less than the angle
required to overturn the cask. The appropriate value for the drag coefficient used in the copuato
of the lateral force on the storage overpack from tornado wind is justified in Appendix 3.C. The
results for the HI-STORM 100 are bounding since the m-STORM I OOS has a lower center of gravity
when loaded.

Appendix 3.C computes t.he maximum force (not including the initial pulse due to missile impact)
acting on the projected area of the storage overpack is computed to be:

F= 91,920 lbs.

The instantaneous impulsive force due to the missile strike is not computed here; its effect is felt as
an initial angular velocity imparted to the storage overpack at time equal to zero. The net resultant
force due to the simultaneous pressure drop is not an all-around distributed loading that has a net
resultant, but rather is more likely to be distributed only over 180 degrees (or less) of the storage
overpack periphery. The circumferential stress and deformation field will be of the same order of
magnitude as that induced by a seismic loading. Since the magnitude of the force due to F is less than
the magnitude of the net seismically induced force considered in Subsection 3.4.7, the storage
overpack global stress analysis performed in Subsection 3.4.7 remains governing. In the next
subsection, results are provided for the circum tial stress and ovalization of the portion of the
storage overpack due to the bounding estimate for the impact force of the intermediate missile.

3A.8.1 HI-STORM 100 Storage Overpack

Appendix &C-This subsection considers the post impact behavior of the HI-STORM 100 System
after impact from tornado missiles. During an impact, the system consisting of missile plus storage
overpack and WC satisfies conservation of linear and angular momentum. The large missile impact
is assumed to be inelastic. This assumption conservatively transfers all of the momentum from the
missile to the system. The intermediate missile and the small missile are assumed to be unyielding
and hence the entire initial kinetic energy is assumed to be absorbed by motion of the cask and local
yielding and denting of the storage overpack surface. It is shown that cask stability is maintained
under the postulated wind and large missile loads. The conclusion is also valid for the rH-STORM
1OOS since its lower center of gravity inherently provides additional stability margin.
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The penetration potential of the missile strikes (Load Case 04 in Table 3.1.5) is examinedfirstin
Appendix &G. It is shown in Appendix 3.G The detailed calculations show that there will be no
penetration through the concrete surrounding the inner shell ofthe storage overpack or penetration of
the top closure plate. Therefore, there will be no impairment to the confinement boundary due to
missile strikes during a tornado. Since the inner shell is not compromised by the missile strike, there
will be no permanent deformation of the inner shell. Therefore, ready retrievability is assured after
the missile strike. The followingparagraphs resuhs-summarize the analysis workinAppendixG.*

a. The small missile will dent any surface it impacts, but no significant puncture force is
generated. The I" missile can enter the air ducts, but geometry prevents a direct
impact with the MPC.

b. The following table summarizes the denting and penetration analysis performed for
the intermediate missile in Appendix 3.G. Denting is used to connote a local
deformation mode encompassing material beyond the impacting missile envelope,
while penetration is used to connote a plug type failure mechanism involving only the
target material immediately under the impacting missile.

Location Denting (in.) Thru-Thickness

Storage overpack outer 6.87 Yes (>0.75 in.)
Shell

Radial Concrete 9.27 No (<27.25 in.)

Storage overpack Top Lid 0.4 No (<4 in.)

The primary stresses that arise due to an intermediate missile strike on the side of the storage
overpack and in the center of the storage overpack top lid are asedetermined nex c k .
The analysis of the storage lid for the HI-STORM 100 bounds that for the HI-STORM I OOS; because
of the additional energy absorbing material (concrete) in the direct path of a potential missile strike
on the top lid of the HI-STORM IOOS lid, the energy absorbing requirements of the circular plate
structure are much reduced. It is demonstrated there The analysis demonstrates that Level D stress
limits are not exceeded in either the overpack outer shell or the top lid. The safety factor in the
storage overpack, considered as a cantilever beam under tip load, is computed, as is the safety factor
in the top lids, considered as two centrally loaded plates. The applied load, in each case, is the
missile impact load. A summary of the results for axial stress in the storage overpack,at btained
from Appendix 3.G, is given in the table below:
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HI-STORM 100 MISSILE IMPACT - Global Axial Stress Results

Item Value (ksi) Allowable (ksi) Safety Factor

Outer Shell - Side 14.35 39.75 -2.77
Strike

Top Lid - (End Strike) 44.14 57.59:65 -. 2944R I

To demonstrate ready retrievability of the MPC, we must show that the storage overpack suffers no
permanent deformation of the inner shell that would prevent removal of the MPC after the missile
strike. To demonstrate ready retrievability (for both HI-STORM 100 and for HI-STORM 100S) a
conservative evaluation of the circumferential stress and deformation state due to the missile strike
on the outer shell is was-performed. Appendix 3.G calculates a A conservative estimate for the 8"
diameter missile impact force, "Pi", on the side of the storage overpack is calculated as:

Pi = 843,000 lb.

This force is conservative in that the target overpack is assumed rigid; any elasticity serves to reduce
the peak magnitude of the force and increase the duration ofthe impact The use ofthe upper bound
value is the primary reason for the high axial stresses resulting from this force. To demonstrate
continued ability to retrieve the MPC subsequent to the strike, circumferential stress and deformation
that occurs locally in the ring section near the location of the missile strike are investigated.

Results in Appendix 3.B am presented under different ring loadings-Subsection 3.4.7presentsstress
and displacement results for a composite ring of unit width consisting of the inner and outer shells of
the storage overpack. The solutions in Appendix 3.B assumes that the net loading is 56,184 lb.
applied on the 1" wide ring (equivalent to a 45G deceleration applied uniformly along the height on a
storage overpack weight of 270,000 lb.). he-This solution for case 1 in Appendix 3 .B can be applied
directly to evaluate the circumferential stress and deformation caused by a tornado missile strike on
the outer shell. Using the resultsfor the 45g tipover eventh .Appendi 3.a, an attenuation factor to
adjust the results from case 1 in Appendix 3.B is developed that reflects the difference in load
magnitude and the width of the ring that is effective in resisting the missile strike force. The strike
force Pi is resisted by a combination of inertia force and shear resistance from the portion of the
storage overpack above and below the location of the strike. The ring theory solution to determine
the circumferential stress and deformation conservatively assumes that inertia alone, acting on an
effective length of ring, balances the applied point load Pi. The effective width of ring that balances
the impact load is conservatively set as the diameter of the impacting missile (8") plus the effect of
the "bending boundary layer" length. This boundary layer length is conservatively set as a multiple of
twice the square root of the product of mean radius times the average thickness of two shells making
up the cylindrical body of the storage overpack. dix3.B, 7he mean radius of the
composite cylinder and the average thickness of the inner and outer shellsF are

R.a, = 48"
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T =.5 x (.75"+1.25') = 1"

The bending boundary layer "O" in a shell is generally accepted to be given as (2(RmrT)"2 ) =
13.85" for this configuration. That is, the effect of a concentrated load is resisted mainly in a length
along the shell equal to the bending boundary layer. For a strike away from the ends of the shell, a
boundary layer length above and below the strike location would be effective (i.e., double the
boundary layer length). However, to conservatively account for resistance above and below the
location of the strike, this calculated result is only increased by 1.5 in the following analysis (rather
than 2). Therefore, the effective width of ring is assumed as:

13.85" x 1.5 + 8" = 28.78"

The solution for the 45g tipover event ase1inAppendim3B(performed for a unit ring width and a
load of 56,184 lb.) is directly applicable if we multiply all stress and displacement results by the
factor "Y" where

Y = (1"/28.78") x (843,000 IbJ56,184 lb.) = 0.521

Using this factor on the solution in Appendix 3.B, (Attachment B 1, Case 15.16) gives the following
bounding results for maximum circumferential stresses (without regard for sign and location of the
stress) and deformations due to the postulated tornado missile strike on the side of the storage
overpack outer shell:

Maximum circumferential stress due to bending moment = (29,310 psi x Y) = 15,271 psi

Maximum circumferential stress due to mean tangential force = (18,900 1bJ2 sq.inch) x Y 4,923
psi

Change in diameter in the direction of the load = -0.11" x Y = -0.057

Change in diameter perpendicular to the direction of the load = +0.06" x Y = 0.031"

Based on the above calculation, the safety factor on maximum stress for this condition is

SF = 39,750psi/15,271 psi = 2.60

The allowable stress for the above calculation is the Level D membrane stress intensity limit from
Table 3.1.12. This is a conservative result since the stress intensity is localized and need not be
compared to primary membrane stress intensity. Even with the overestimate of impact strike force
used in the calculations here and in Appendix 3.G, the stresses remain elastic and the calculated
diameter changes are small and do not prevent ready retrievability of the MPC. Note that because the
stresses remain in the elastic range, there will be no post-strike permanent deformation of the inner
shell.

NJ-STORM FSAR Proposed Rev. 2B
REPORT HI-2002444 3.4-88



3.4.8.2 HI-TRAC Transfer Cask

3.4.8.2.1 Intermediate Missile Strike

HI-TRAC is always held by the handling system while in a vertical orientation completely outside of
the fuel building (see Chapter 2 and Chapter 8). Therefore, considerations of instability due to a
tornado missile strike are not applicable. However, the structural implications of a missile strike
require consideration.

The penetration potential of the 8" missile strike on HI-TRAC (Load Case 04 in Table 3.1.5) is
examined at two locatio-nsi Appendix 3I. Two locations arn examined:

1. the lead backed outer shell of HI-TRAC.
2. the flat transfer lid consisting of multiple steel plates with a layer of lead backing.

In each case, it is shown that there is no penetration consequence that would lead to a radiological
release. The followingparagraphs Fe S ummarize the analysis resultsanalyes in Appendix 3M.|

a. The small missile will dent any surface it impacts, but no significant puncture force is
generated.

b. The following table summarizes the denting and penetration analysis performed for
the intermediate missil iix 3. Denting connotes a local deformation
mode encompassing material beyond the impacting missile envelope, while
penetration connotes a plug type failure mechanism involving only the target material
immediately under the impacting missile. Where there is through-thickness
penetration, it is- hown in Appendix 3.1 that the lead and the inner plate absorb any
residual energy remaining after penetration of the outer plate in the 100 Ton HI-
TRAC transfer lid. Both the _9 Ad I TRA. 100 trawfer casks
evaluated in Appendix 3-.H-.The table summarizes the bounding results for both
transfer casks.

Location Denting (in.) Thru-Thickness Penetration

Outer Shell - lead backed .OA98 No (<1.0 in.)

Outer Transfer Lid Door 0.516 No (<0.75 in.) (H-TRAC 125)
Yes (>0.5 in.) (HI-TRAC 100)

The 8" missile will not penetrate the pool lid for the HI-TRAC 125D because it has a thicker bottom
plate than the HI-TRAC 125 transfer lid door. In addition, the results for the 8" missile strike on the
HI-TRAC outer shell are valid for the H-TRAC 125D since all three transfer casks have the same
outer shell thickness.
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While the transfer cask is being transported in a horizontal orientation, the MPC lid is exposed. We
conservatively assume no protective plate in place during this transport operation and evaluate the
capacity of the lid peripheral groove weld to resist the impact load. The calculated result-e-f
calcultns in Appendix 3.H, conservatively based on a reduced 518" weld, is as follows:

HI-TRAC MISSILE IMPACT - Capacity Results

Item Value (lb) Capacity (lb) Safety Factor=
Capacity/Value

Top Lid Weld 2,262,000 2,789,000 1.23

The final calculation in this subsection is an evaluation ofthe circumferential stress and deformation
consequences of the horizontal missile strike on the periphery of the HI-TRAC shell. It is assumed
that the HI-TRAC is simply supported at its ends (while in transit) and is subject to a direct impact
from the 8" diameter missile. To compute stresses, an estimate of the peak impact force is required.
The effect of the waterjacket to aid in the dissipation of the impact force is conservatively neglected.
The only portion of the HI-TRAC cylindrical body that is assumed to resist the impact load is the
two metal shells. The lead is assumed only to act as a separator to maintain the spacing between the
shells. The previous results from the lead slump analysis demonstrate that this conservative
assumption on the behavior of the lead is valid. The peak value of the impact force is a function of
the stiffness of the target. The target stiffness in this postulated event has the following contributions
to the stiffness of the structure.

a. a global stiffness based on a beam deformation mode, and
b. a local stiffness based on a shell deformation mode

Appendix 3.Z contains information on the two transfer- easks that permit the c-Alcul-ation of a global
spring constant (i.e. the inverse of the global deflection of the cask body as a beam under a unit
concentrated load). This The global spring constant (i.e., the inverse of the global deflection of the
cask body as a beam under a unit concentrated load)4,hewer-, is a function of location of the strike
along the length of the cask. The spring constant value varies from a minimum for a strike at the
half-height to a maximum value for a strike near the supports (the trunnions). Since the peak impact
force is larger for larger stiffiess, it is conservative to maximize the spring constant value. Therefore,
in the calculation, we neglect this spring constant for the computation of peak impact force and focus
only on the spring constant arising from the local deformation as a shell, in the immediate vicinity of
the strike. To this end, the spring constant is estimated by considering the three-dimensional effects
of the shell solution to be replaced by the two-dimensional action of a wide ring. The width of the
ring is equal to the "bending boundary layer" length on either side of the strike location plus the
diameter of the striking missile. Following the analysis methodology already utilized subsection
3.4.8.1, the following information is obtained from Appendix 3.AM:
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The mean radius of the composite cylinder and the average thickness of the inner and outer shells,
are (use the 100 Ton HI-TRAC data since it provides an upper bound on stress and deformation):

R.. = 36.893

T =5 x (.75"+1.00') = 0.875"

The bending boundary layer "O" in a shell is generally accepted to be given as (2(RT)'2 ). To
account for resistance above and below the location of the strike, this calculated result is
conservatively increased by multiplying by 1.5. Therefore, the effective width of ring is:

11.22"x 1.5 +8"== 24.84"-

Appendix -3.AM contains ag analysis of The missile impact is modeled as a point load, acting on
the ring, of magnitude equal to Pi = 20,570 lb. The use of a point load in the analysis is conservative
in that it overemphasizes the local stress. The actual strike area is an 8" diameter circle (or larger, if
the effect of the waterjacket were included).

The force is assumed resisted by inertia forces in the ring section. From the results ppendi
3M, a spring constant can be defined as the applied load divided by the change in diameter of the
ring section in the direction of the applied load. Uing the configuration and results in Appendix
3.Based on this approach, the following local spring constant is obtained-

K= Pi/DlH= Pi/0.019" =1,083,000 IbWinch

To determine the peak impact force, a dynamic analysis of a two-body system has been performed
using the "Working Model" dynamic simulation code. A two mass-spring damper system is
considered with the defined spring constant representing the ring deformation effect. Figure 3.4.24
shows the results from the dynamic analysis of the impact using the computer code "Working
Model". The small square mass represents the missile, while the larger mass represents the portion of
the HI-TRAC "ring" assumed to participate in the local impact. The missile weight is 275.5 lb. and
the participating HI-TRAC weight is set to the weight of the equivalent ring used to determine the
spring constant.

The peak impact force that results in each of the two springs used to simulate the local elasticity of
the H-TRAC (ring) is:

F(spring) = 124,400 lb.

Since there are two springs in the model, the total impact force is:

P(impact) = 248,800 lb.
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To estimate circumferential behavior of the ring under the impact, theprevios solutionf
3.AM-(using a load of 20,570 lb.) is used and amplified by the factor "7", where:

Z = 248,800 lb.120,570 lb. = 12.095

From Appendix 3.AMConsequently, the maximum circumferential stress due to the ring moment,
away from the impact location, is:

3,037psi x (69,260 in-lb/180,900 in-lb) x Z = 14,230 psi

At the same location, the mean stress adds an additional component (Appendix 3A g th mean
tangential force in the ring; the ring area is computed based on the effective width of the ring).

(5,143 lbJ43.47 sq.in) x Z = 1431 psi

Therefore, the safety factor on circumferential stress causing ovalization of an effective ring section
that is assumed to resist the impact is:

SF(ring stress) = 39,750 psi/(1431psi + 14,230psi) = 2.54

The allowable stress for this safety factor calculation is obtained from Table 3.1.12 for primary
membrane stress intensity for a Level D event at 350 degrees F material temperature. Noting that the
actual circumferential stress in the ring remains in the elastic range, it is concluded that the MPC
remains readily retrievable after the impact since there is no permanent ovalization ofthe cavity after
the event As noted previously, the presence of the water jacket adds an additional structural barrier
that has been conservatively neglected in this analysis.

3.4.8.2.2 Large Missile Strike

The effects of a large tornado missile strike on the side (water jacket outer enclosure) of a loaded HI-
TRAC has been simulated using a transient finite element model of the transfer cask and loaded
MPC. The transient finite element code LSDYNA3D has been used (approved by the NRC for use in
impact analysis (see Appendix 3A, reference [3.A.4] for the benchmarking ofthis computer code)).
An evaluation of MPC retrievability and global stress state (away from the impact area) are of
primary interest. The finite element model includes the loaded MPC, the HI-TRAC inner and outer
shells, the HI-TRAC waterjacket, the lead shielding and the appropriate HI-TRAC lids. The water
in the waterjacket has been neglected for conservatism in the results. The large tornado missile has
been simulated by an impact force-time pulse applied on an area representing the frontal area of an
1800-kg. vehicle. The force-time data used has been previously approved by the USNRC (Bechtel
Topical Report BC-TOP-9A, "Design of Structures for Missile Impact", Revision 2, 9/1974). The
frontal impact area used in the finite element analysis is that area recommended in NUREG-0800,
SRP 3.5.1.4, Revision 2, 1981).

Appendix .AN desries the finite element model, the input data used, and provides graphical
results necssaryto the evaluation of retrievability and state of stress. A summary ofthe results frem
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Appendix 3 AN-is presented below for the HI-TRAC 100 and HI-TRAC 125 transfer casks. Since
the dimensions of the inner shell, the outer shell, the lead shielding, and the water jacket enclosure
panels are the same in both the HI-TRAC 125 and the H[-TRAC 1251), the results from the HI-
TRAC 125 are considered accurate for the HI-TRAC 125D. The allowable value listed for the stress
intensity for this Level D event comes from Table 3.1.17.

The results from the dynamic analysis have been summarized below.

I

SUMMARY OF RESULTS FROM LARGE TORNADO MISSILE IMPACT
ANALYSIS -

ITEM - EIl-TRAC 100 CALCULATED VALUE ALLOWABLE VALUE

Maximum Stress Intensity in 28.331 58.7
Water Jacket (ksi) -
Maximum Stress Intensity in 11.467 58.7
Inner Shell (ksi) . -_._.
Maximum Plastic Strain in 0.0000932
Water Jacket - .
Maximum Plastic Strain in 0.0
Inner Shell -_-_-__ _:_-_ _

ITEM - HI-TRAC 125 CALCULATED VALUE ALLOWABLE VALUE

Maximum Stress Intensity in 19.073 58.7
Water Jacket (ksi) _

Maximum Stress Intensity in 6.023 58.7
Inner Shell (ksi)
Maximum Plastic Strain in 0.0
Water Jacket . .
Maximum Plastic Strain in 0.0
Inner Shell . ._:

The above results demonstrate that:

1. The retrievability of the MPC in the wake of a large tornado missile strike is not
adversely affected since the inner shell does not experience any plastic
deformation.

2. The maximum primary stress intensity, away from the impact interface on the HI-
TRAC water jacket, is below the applicable ASME Code Level D allowable limit
for NF, Class 3 structures.
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3.4.9 HI-TRAC Drop Events (Load Case 02.b in Table 3.1.5)

During transit, the HI-TRAC 125 or H-TRAC 100 transfer caskmaybe carriedhorizontallywiththe
transfer lid in place. Analyses have been performed to demonstrate that under a postulated carry
height; the design basis 45g deceleration is not exceeded. The analyses have been performed using
two different simulation models. A simplified model of the drop event is performed using the
computer simulation code "Working Model 2D". The analysis using "Working Model 2D" assumed
the HI-TRAC and the contained MPC acted as a single rigid body. A second model ofthe drop event
uses DYNA3D, considers the multi-body analysis of HI-TRAC and the contained MPC as individual
bodies, and is finite element based. In what follows, we outline the problem and the results obtained
using each solution methodology.

3.4.9.1 Working Model 2D Analysis of Drop Event

The analysis model conservatively neglects all energy absorption by any component ofHI-TRAC; all
kinetic energy is transferred to the ground through the spring-dampers that simulate the foundation
(ground). Ifthe HI-TRAC suffers a handling accident causing a side drop to the ground, impact will
only occur at the top and bottom ends of the vessel. The so-called "hard points" are the top end
lifting trunnions, the bottom end rotation trunnions, and the projecting ends of the transfer lid.
Noting that the projecting hard points are of different dimensions and will impact the target at
different times because of the HI-TRAC geometry, any simulation model must allow for this
possibility.

A dynamic analysis of a horizontal drop, with the lowest point on the HI-TRAC assumed 50" above
the surface of the target (larger than the design basis limit of 42"), is considered in Appendixf 3-fr
the HI-TRAC 125 and for the HI-TRAC 100. Figure 3.422 shows the transfer cask orientation. The
HI-TRAC is considered as a rigid body (Appendix3 ' cntais alculations tdemonstrate that the
lowest beam mode frequency is well above 33 Hz so that no dynamic amplification need be
included). The effects of the ISFSI pad and the underlying soil are included using a simple spring-
damper model based on a static classical Theory of Elasticity solution. The "worst" orientation of a
horizontally carried HI-TRAC with the transfer cask impacting an elastic surface is considered. The
HI-TRAC is assumed to initially impact the target with the impact force occurring over the
rectangular surface ofthe transferlid (11.875"x 81"). 'Worst" is definedhereasmeaninganimpact
at a location having the maximum value of an elastic spring constant simulating the resistance of the
target interface. Appendix 3.AL provides the calculation ofthe elastic spring damper that simulates
the contact spring.- The geometry and material properties used in Appendix 3 LAJ reflect the USNRC
accepted reference pad and soil (Table 2.2.9 - the pad thickness used is 36" and the Young's
Modulus of the elastic soil is the upper limit value E=28,000 psi). The use of an elastic
representation of the target surface is conservative as it minimizes the energy absorption capacity of
the target and maximizes the deceleration loads developed during the impact. Also considered in
Appendix 3.AL is a calculation of the spring constant is also calculated based on an assumption
that impact at the lower end of HI-lTRAC first occurs at the pocket trunnion. The results in
3&.AL-demonstrate that this spring constant is lower and therefore would lead to a lower impact force.
Therefore, the dynamic analysis of the handling accident is performed assuming initial impact with
the flat rectangular short end of the transfer lid. Subsequent to the initial impact, the HI-TRAC

HI-STORM FSAR Proposed Rev. 2B
REPORT HI-2002444 3.4-94



rotates in accordance with the dynamic equations of equilibrium and a secondary impact at the top of
the transfer cask occurs. The impact is at the edge of the water jacket.

The following table summarizes theresults from the dynamic analyses (using the Working Model 2D
computer code) documented in Appendix 3.Z: I

HI-TRAC Handling Analysis - Working Model Analysis of Horizontal Drop

Item Value Allowable Safety Factor
Hl-TRAC 125 - Primary Impact 32.66 45 1.38
Deceleration (g's)
HI-TRAC 125 - Secondary Impact 26.73 45 1.68
Deceleration (g's) _

JH-TRAC 100 - Primary Impact 33.18 45 1.36
Deceleration (g's) .

HI-TRAC 100 - Secondary Impact 27.04 45 1.66
Deceleration (e's)

Axial Membrane Stress Due to HI- 19.06 39.75 2.085
TRAC 125 Bending as a Beam -
Level D Drop (psi)

Axial Membrane Stress Due to HI- 15.77 39.75 2.52
TRAC 100 Bending as a Beam -

Level D Drop (psi)

In the table above, the decelerations are measured at points corresponding to the base and top ofthe
fuel assemblies contained inside the MPC. The dynamic drop analysis reported above, using the
Working Model 2D rigid body-spring model proved that decelerations are below the design basis
value and that global stresses were within allowable limits.

3.4.9.2 DYNA3D Analysis of Drop Event

An independent evaluation of the drop event to delineate the effect of target non-linearity and the
flexibility of the transfer cask has been performed using DYNA3D. Appendix 3 AN provides
details of-the HI TRAC drop model, the data input, and extensive graphical results. Both the Hi-
TRAC 125 and HI-TRAC 100 transfer casks are modeled as part of the cask-pad-soil interaction
finite element model set forth in NUREG/CR-6608 and validated by an NRC reviewed and
approved Holtec topical report (see reference [3.AA4] in Appendix 3.A). The model uses the
identical MPC and target pad/soil models employed in the accident analyses of the HI-STORM
100 overpack. The HI-TRAC inner and outer shells, the contained lead, the transfer lid, the water
jacket metal structure, and the top lids are included in the model. The water jacket is assumed
empty for conservatism.

Two side drop orientations are considered (see Figures 3.4.27 and 3.4.28). The first drop assumes
that the plane of the lifting and rotation trunnions is horizontal with primary impact on the short
side of the transfer lid. This maximizes the angle of slapdown, and represents a credible drop
configuration where the HI-TRAC cask is dropped while being carried horizontally. The second
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drop orientation assumes primary impact on the rotation trunnion and maximizes the potential for
the lifling trunnion to participate in the secondary impact. This is a non-credible event that
assumes complete separation from the transfer vehicle and a ninety-degree rotation prior to
impact. Nevertheless, it is the only configuration where the trunnions could be involved in both
primary and secondary impacts.

For each simulation performed, the lowest point on the HI-TRAC cask (either the transfer lid
edge or the rotation trunnion) is set at 42" above the target interface. Decelerations are measured
at the top lid, the cask centroidal position, and the transfer lid. Normal forces were measured at
the primary impact interface, at the secondary impact interface, and at the top lid/MPC interface.
Decelerations are filtered at 350 Hz.

The following key results summarize the .. ^ . A.. .,

anaiyse~ ouanelmtl o pe~n .N I

fTEM HI-TRAC 125 HII-TRAC 100 ALLOWABLE

Initial Orientation of Trunnions Horizontal Vertical Horizontal Vertical

Max. Top Lid Vertical 25.5 32 36.5 45t 45
Deceleration - Secondary Impact
(g!s)

Centroid Vertical Deceleration - at 9.0 13.0 10.0 17.5 45
Time of Secondary Impact (g'S)

Max. Transfer Lid Vertical 30.8 23.5 35.0 31.75 45
Deceleration - Primary Impact

(9'S)

Maximum Normal Force at Primary 1,950. 1,700 1,700 1,700 -

Impact Site (ucps)

Maximum Normal Force at 1,300. 1,850. 1,500. 1,450.
Secondary Impact Site (kids) ____________.

Maximum MPCITop Lid Interface 132. - 39. -

Force (kips)

Maximum Diametral Change of 0.228 0.113 Not 0.067 0.3725
Inner Shell (inch) Computed

Maximum Von Mises S t rs 37.577 _ 3_8.367 40.690 40.444 58.7*

t The deceleration at the top of the basket is estimated at 41 g's
* Allowable Level D Stress Intensity for Primary Plus Secondary Stress Intensity
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The results presented in Appendix ANarind summarized above demonstrate that both the Hl-
IRAC 125 and HI-THAC 100 transfer casks are sufficiently robust to perform their fimction
during and after the postulated handling accidents. We also-note that the results, using the
Working Model single rigid body dynamic model (see Subsection 3.4.9.1), are in reasonable
agreement with the results predicted by the DYNA3D multi-body finite element dynamic model
although performed for a different drop height with deceleration measurements at different
locations on the HI-TRAC.

The results reported above for maximum interface force at the top lid/MPC interface are used as
input to a separate the-analysis, which i Appendix 3.AH to demonstrates that the top lid
contains the MPC during and after a handling accident The results reported above for the
maximum normal force at the primary impact site (the transfer lid) have been used to calculate
the maximum interface force at the bottom flange/transfer lid interface. This result is needed to
insure that the interface input-forces used in Appendices 3 AD and 3.AJ to evaluate transfer lid
separation are indeed bounding. To obtain the interface force between the HI-TRAC transfer lid
and the HI-TRAC bottom flange, it is sufficient to take a free-body of the transfer lid and write
the dynamic force equilibrium equation for the lid. Figure 3.4.29 shows the free body with
appropriate notation. The equation of equilibrium is:

MTraT. =F1 -GI

where

MTL the mass of the transfer lid
amL = the time varying acceleration of the centroid of the transfer lid
F1 = the time varying contact force at the interface with the target
GI = the time varying interface force at the bottom flange/transfer lid interface

Solving for the interface force give the result

G= F1 -MTLaTL

I

I

I
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Using the appropriate transfer lid mass and acceleration, together with the target interface force at
the limiting time instant, provides values for the interface force. The table below provides the
results of this calculation for the HI-TRAC 125 and HI-TRAC 100 transfer casks.

Item Calculated from
Equilibrium (kdps)

HI-TRAC 125 - Trunnions 1,183.
Horizontal

HI-TRAC 125 - Trunnions 1,272.
Vertical

HI-TRAC 100 - Trnnions 1,129.
Horizontal

HI-TRAC 100 - Trumnions 1,070.
Vertical

3.4.9.3 Horizontal Drop of HI-TRAC 125D

The previous subsection addressed the 42" horizontal drop of the HI-TRAC 125 and HI-TRAC 100,
including an evaluation ofthe bolted connection between the transfer lid, which sustains the primary
impact, and the cylindrical body of the loaded IH-TRAC. The HI-TRAC 125D does not have a
bolted connection between the bottom flange and the cylindrical body of the cask. However, the
transverse protrusions (bottom flange, lifting trunnions, and optional attachment lugs/support tabs at
the top of the cask) spawn different impact scenarios. The uncontrolled lowering of the cask is
assumed to occur from a height of 42" measured to the lowest location on the HI-TRAC 125D in the
horizontal orientation.

The maximum decelerations for the HI-TRAC 125D are comparable to the drop results for the HI-
TRAC 125 when the plane of the lifting and rotation trunnions is vertical. Although the HI-TRAC
125D has no rotation trunnions, its bottom flange extends radially beyond the water jacket shell by
approximately the same amount as the HI-TRAC 125 rotation trunnions and thereby establishes a
similar "hard point" for primary impact in terms of distance from the cask centerline. More
important, because the bottom flange is positioned closer to the base ofthe HI-TRAC 125D than the
rotation trunnions are in the H-TRAC 125, the slap-down angle for the HI-TRAC 125D is less. The
shallower angle decreases the participation of the lifting trunnion during the secondary impact, and
increases the participation of the water jacket shell. Since the water jacket shell is a more flexible
structure than the lifting trunnion, the deceleration of the HI-TRAC 125D cask during secondary
impact is slightly less than the calculated deceleration ofthe HI-TRAC 125. In the HI-TRAC 125D,
there is no bolted connection at the bottom flange/cask body interface that is active in load transfer
from the flange to the cask body. It is therefore concluded that this drop scenario for the HI-TRAC
125D is bounded by the similar evaluation for the HI-TRAC 125.

A second HI-TRAC 125D drop scenario with two attachment lugs/support tabs in a vertical plane is
the most limiting scenario. The tab dimensions are such that primary impact occurs at the top end of
the cask when the support tabs impact the target surface, followed by a slap-down and a secondary
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impact at the bottom flange.

The evaluation of HI-TRAC 125D drop scenario is performed using the computer code Working
Model 3D (WM (now known as Visual Nastran Desktop). First, the WM code is used to simulate
the "Scenario A' drop of the HI-TRAC 125 in order to establish appropriate parameters to
"benchmark" WM against the DYNA3D solution. The table below summarizes the results of the
Working Model/DYNA3D benchmark comparison (the DYNA3D solution for the HI TRAC 125
(Scnanrio A) is documented in Appendix 3 .AN). Figure 3.4.48 shows the benchmark configuration
after the drop event.

Comparison of HI-TRAC 125 Drop Results (Scenario A)
_: ____________ DYNA3D1 Working Model

Vertical Deceleration of Top 32 33.9
Lid (secondary impact) g's -
Vertical Deceleration at
Bottom Lid (primary impact 23.5 23.59
on rotation trunnion) g's :

The benchmarked Working Model simulation was then modified to simulate the second drop
scenano of the HI-TRAC 125D with supporttabs in averticalplane; primaryimpactnow occuredat
the top end with secondary impact at the bottom flange. Figure 3.4.49 shows the configuration ofthe
HI-TRAC 125D after this scenario. The impact parameters were unchanged from the benchmark
model except for location. The acceleration results from the 42" horizontal drop of the HI-TRAC
125D in this second drop scenario are summarized below.

Results From HI-TRAC 125D 42" Drop
Vertical Deceleration of Top Lid (primary3675
im~act on support tab) e's
Vertical Deceleration of Pool Lid (secondary 29.27
impact on bottom flange) g's

The resulting g loads at the top of the active fuel region for the HI-TRAC 125D, with primary
impact on the support tabs, are increased over the loads computed for the HI-TRAC 125 but
remain well below the design basis limit.

3.4.10 HI-STORM 100 Non-Mechanistic Tip-over and Vertical Drop Event (Load Cases
02.a and 02.c in Table 3.1.5)

Pursutit to the provision in NUREG-1536, a non-mechanistic tip-overofa loaded HI-STORM 100
System on to the ISFSI pad is considered in this report. Analyses are also performed to determine the
maximum deceleration sustained by a vertical free fall of a loaded HI-STORM 100 System from an
11" height onto the ISFSI pad. The objective of the analyses is to demonstrate that the plastic
deformation in the fuel basket is sufficiently limited to permit the stored SNF to be retrieved by
normal means, does not have a adverse effect on criticality safety, and that there is no significant loss
of radiation shielding in the system.
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Ready retrievability ofthe fuel is presumed to be ensured. if global stress levels in the MPC structure
meet Level D stress limits during the postulated drop events; if any plastic deformations are
localized; and if no significant permanent ovalization ofthe overpack into the MPC envelope space,
remains after the event.

Subsequent to the accident events, the storage overpack must be shown to contain the shielding so
that unacceptable radiation levels do not result from the accident.

Appendix 3 A provides a description of the dynamic finite element analyses undertaken to establish
the decelerations resulting from the postulated event A non-mechanistic tip-over is considered
together with an end drop of a loaded HI-STORM 100 System. A dynamic finite element analysis of
each event is performed using a commercial finite element code well suited for such dynamic
analyses with interface impact and non-linear material behavior. This code and methodology have
been fully benchmarked against Lawrence Livermore Laboratories test data and correlation [3.4.12].

The table below provides the values of computed peak decelerations at the top of the fuel basket for
the vertical drop and the non-mechanistic tipover scenarios. It is seen that the peak deceleration is
below 45 g's.

Filtered Results for Drop and Tip-Over Scenarios for H-STORM

Max. Deceleration at the Top of the Basket (g's)
Drop Event Set A(36" Thick Pad) Set B(28" Thick Pad)

End Drop for 1 43.98 41.53
inches

Non-Mechanistic 42.85 39.91
Tip-over

The tipover analysis performed in Appendix 3A is based on the HI-STORM 100 geometry and a
bounding weight. The fact that the rI-STORM I OOS(232) is shorter and has a lower center of gravity
suggests that the impact kinetic energy is reduced so that the target would absorb the energy with a
lower maximum deceleration. However, since the actual weight of a rn-STORM OOS(232) is less
than that of a HI-STORM 100 by a significant amount, the predicted maximum rigid body
deceleration would tend to increase slightly. Since there are two competing mechanisms at work, it is
not a foregone conclusion that the maximum rigid body deceleration level is, in fact, reduced if a rn-
STORM lOOS(232) suffers a non-mechanistic tipover onto the identical target as the rI-STORM
100. The situation is clearer for the rI-STORM 1OOS(243), which is virtually equal in weight to the
HI-STORM 100, yet its center of gravity when loaded is almost one inch lower. In what follows, we
present a summary of the analysis undertaken to demonstrate conclusively that the result for
maximum deceleration level in the HI-STORM 100 tipover event does bound the corresponding
value for the HI-STORM IOOS(232), and, therefore, we need only perform a detailed dynamic finite
element analysis for the rn-STORM 100.
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Appendix 3A presents a result for the angular velocity of the cylindrical body representing a HI-
STORM 100 just prior to impact with the defined target The result is expressed in Subsection 3A6
in terms ofthe cask geometry, and the ratio ofthe mass dividedbythe mass momentofinertia about
the corner point that serves as the rotation origin. Since the mass moment of inertia is also linearly
related to the mass, the angular velocity at the instant just prior to target contact is independent of the
cask mass. Subsequent to target impact, we investigate post-impact response by considering the cask
as a cylinder rotating into a target that provides a resistance force that varies linearly with distance
from the rotation point We measure "time" as starting at the instant of impact, and develop a one-
degree-of freedom equation for the post-impact response (for the rotation angle into the target) as:

O+o, 20 o

where

2 kL

3IA

The initial conditions at time=0 are: the initial angle is zero and the initial angular velocity is equal
to the rigid body angular velocity acquired by the tipover from the center-of-gravity over comer
position. In the above relation, L is the length of the overpack, I is the mass moment of inertia
defined in Appendix 3.A, and k is a "spring constant"associated with the target resistance. If we
solve for the maximum angular acceleration subsequent to time =0, we obtain the result in terms of
the initial angular velocity as:

If we form the maximum linear acceleration at the top of the four-inch thick lid of the overpack, we
can finally relate the decelerations ofthe HI-STORM 1(X and the HI-STORM 100S(232) solely in
terms of their geometryproperties and their mass ratio. The value of k", the target spring rate is the
same for both overpacks so it does not appear in the relationship between the two decelerations.
After substituting the appropriate geometry and calculated masses, we determine that the ratio of
maximum rigid body decelerations at the top surface of the four-inch thick top lid plates is:

A HI-SToRM Joos(2W2)/A HI-STORM 100 = 0.946

Therefore, as postulated, there is no need to perform a separate DYNA3D analysis for the HI-
STORM lOOS hypothetical tipover.

Appendix 3.B contains a A simple elastic strength of materials calculation is performed to
demonstrate that the cylindrical storage overpack will not permanently deform to the extent that the
MPC cannot be removed by normal means after a tip-over event. It is demonstrated in that appendix
The results demonstrate that the maximum diametrical closure of the cylindrical cavity is less than
the initial clearance between the overpack MPC support channels and the MPC canister. Primary
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circumferential membrane stresses in the MPC shell remain in the elastic range during a tip-over (see
Table 3.4.6 summary safety factors); therefore, no permanent global ovalization of the MPC shell
occurs as a result of the drop.

To demonstrate that the shielding material will continue to perform its function after a tip-over
accident, the stress and strain levels in the metal components ofthe storage overpack are examined at
the end of the tip-over event The results obtained in Appendix 3.A for impact decelerations
conservatively assumed a rigid storage overpack model to concentrate nearly all energy loss in the
target However, to assess the state of stress and strain in the storage overpack after an accident
causing a tip-over, the tip-over analysis was also performed using a non-rigid storage overpack
model using overpack material properties listed in Appendix 3A Figure 3.4.13 shows the calculated
von Mises stress in the top lid and outer shell at 0.08 seconds after the initiation of impact Figure
3.4.14 shows the residual plastic strains in the same components. Figures 3.4.15 and 3.4.16 provide
similar results for the inner shell, the radial plates, and the support channelst. The results show that
while some plastic straining occurs, accompanied by stress levels above the yield stress of the
material, there is no tearing in the metal structure which confines the radiation shielding (concrete).
Therefore, there is no gross failure of the metal shells enclosing the concrete. The shielding concrete
will remain inside the confines of the storage overpack and maintain its performance after the tipover
event

3.4.11 Storage Overpack and HI-TRAC Transfer Cask Service Life

The term of the IOCFR72, Subpart L C of C, grantedby the NRC is 20 years; therefore, the License
Life (please see glossary) of all components is 20 years. Nonetheless, the H-STORM 100 and IOOS
Storage overpacks and the HI-TRAC transfer cask are engineered for 40 years of design life, while
satisfying the conservative design requirements defined in Chapter 2, including the regulatory
requirements of IOCFR72. In addition, the storage overpack and HI-TRAC are designed, fabricated,
and inspected under the comprehensive Quality Assurance Program discussed in Chapter 13 and in
accordance with the applicable requirements ofthe ACI and ASME Codes. This assures high design
margins, high quality fabrication, and verification of compliance through rigorous inspection and
testing, as describe in Chapter 9 and the design drawings in Section 1.5. Technical Specifications
defined in Chapter 12 assure that the integrity of the cask and the contained MPC are maintained
throughout the components' design life. The design life of a component, as defined in the Glossary,
is the minimum duration for which the equipment or system is engineered to perform its intended
function if operated and maintained in accordance with the FSAR. The design life is essentially the
lower bound value of the service life, which is the expected functioning life of the component or
system. Therefore, component longevity should be: licensed life < design life < service life. (The
licensed life, enunciated by the USNRC, is the most pessimistic estimate of a component's life span.)
For purposes of further discussion, we principally focus on the service life of the HI-STORM 100
System components that, as stated earlier, is the reasonable expectation of equipment's functioning
life span.

t During fabrication the channels are attached to the inner shell by one of two methods, either the channels are
welded directly to the inner shell or they are welded to a pair of Lshaped angles (i.e., channel mounts) that are
pre-fastened to the inner shell. The results presented in Figures 3.4.16a and 3.4.16b bound the results from both
methods of attachment.
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The service life of the storage overpack and HI-TRAC transfer cask is further discussed in the
following sections.

3.4.11.1 Storage Overpack

The principal design considerations that bear on the adequacy of the storage overpack for the service
life are addressed as follows:

Exposure to Environmental Effects

In the following text, all references to HI-STORM 100 also apply to Hl-STORM IOOS. All exposed
surfaces of HI-STORM 100 are made from ferritic steels that are readily painted. Concrete, which
serves strictly as a shielding material, is completely encased in steel. Therefore, the potential of
environmental vagaries such as spalling of concrete, are ruled out for HI-STORM 100. Under normal
storage conditions, the bulk temperature of the HI-STORM 100 storage overpack will, because of its
large thermal inertia, change very gradually with time. Therefore, material degradation from rapid
thermal ramping conditions is not credible for the HI-STORM 100 storage overpack. Similarly,
corrosion of structural steel embedded in the concrete structures due to salinity in the environment at
coastal sites is not a concern for EH-STORM 100 because HI-STORM 100 does not rely on rebars
(indeed, it contains no rebars). As discussed in Appendix I D, the aggregates, cement and water used
in the storage cask concrete are carefully controlled to provide high durability and resistance to
temperature effects. The configuration of the storage overpack assures resistance to freeze-thaw
degradation. In addition, the storage overpack is specifically designed for a full range of enveloping
design basis natural phenomena that could occur over the 40-year design life of the storage overpack
as defined in Subsection 2.2.3 and evaluated in Chapter 11.

Material Degradation

The relatively low neutron flux to which the storage overpack is subjected cannot produce
measurable degradation of the cask's material properties and impair its intended safety function.
Exposed carbon steel components are coated to prevent corrosion. The controlled environment of the
ISFSI storage pad mitigates damage due to direct exposure to corrosive chemicals that may be
present in other industrial applications.

Maintenance and Inspection Provisions

The requirements for periodic inspection and maintenance of the storage overpack throughout the
40-year design life are defined in Chapter 9. These requirements include provisions for routine
inspection of the storage overpack exterior and periodic visual verification that the ventilation flow
paths of the storage overpack are free and clear of debris. ISFSIs located in areas subject to
atmospheric conditions that may degrade the storage cask or canister should be evaluated by the
licensee on a site-specific basis to determine the frequency for such inspections to assure long-term
performance. In addition, the HI-STORM 100 System is designed for easyretrieval ofthe MPC from
the storage overpack should it become necessary to perform more detailed inspections and repairs on
the storage overpack.
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The above findings are consistent with those of the NRC's Waste Confidence Decision Review
[3.4.11], which concluded that dry storage systems designed, fabricated, inspected, and operate in
accordance with such requirements are adequate for a 100-year service life while satisfying the
requirements of 1 OCFR72.

3.4.11.2 Transfer Cask

The principal design considerations that bear on the adequacy of the HI-TRAC Transfer Cask for the
service life are addressed as follows:

Exposure to Environmental Effects

All transfer cask materials that come in contact with the spent fuel pool are coated to facilitate
decontamination. The HI-TRAC is designed for repeated normal condition handling operations with
high factor of safety, particularly for the lifting tunnions, to assure structural integrity. The resulting
cyclic loading produces stresses that are well below the endurance limit ofthe trunnion material, and
therefore, will not lead to a fatigue failure in the transfer cask. All other off-normal or postulated
accident conditions are infrequent or one-time occurrences that do not contribute significantly to
fatigue. In addition, the transfer cask utilizes materials that are not susceptible to brittle fracture
during the lowest temperature permitted for loading, as discussed in Chapter 12.

Material Degradation

All transfer cask materials that are susceptible to corrosion are coated. The controlled environment in
which the FH-TRAC is used mitigates damage due to direct exposure to corrosive chemicals that may
be present in other industrial applications. The infiequent use and relatively low neutron flux to
which the HI-TRAC materials are subjected do not result in radiation embrittlement or degradation
ofthe HI-TRAC's shielding materials that could impair the HI-TRACs intended safety function. The
HI-TRAC transfer cask materials are selected for durability and wear resistance for their deployment

Maintenance and Inspection Provisions

The requirements for periodic inspection and maintenance of the HI-TRAC transfer cask throughout
the 40-year design life are defined in Chapter 9. These requirements include provisions for routine
inspection of the FH-TRAC transfer cask for damage prior to each use, including an annual
inspection of the lifting trunnions. Precautions are taken during lid handling operations to protect the
sealing surfaces of the pool lid. The leak tightness of the liquid neutron shield is verified
periodically. The water jacket pressurerelief valves and other fittings used can be easily removed.
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3.4.12 MPC Service Life

The term of the 1OCFR72,- Subpart L C of C, granted by the NRC (i.e., licensed life) is 20 years.
Nonetheless, the Ml-STORM 100 MPC is designed for 40 years of design life, while satisfying the
conservative design requirements defined in Chapter 2, including the regulatory requirements of
l0CFR72. Additional assurance of the integrity of the MPC and the contained SNF assemblies
throughout the 40-year life of the MPC is provided through the following-

Design, fabrication, and inspection in accordance with the applicable requirements of the
ASME Code as described in Chapter 2 assures high design margins.

* Fabrication and inspection performed in accordance with the comprehensive Quality
Assurance program -discussed in Chapter 13 assures competent compliance with the
fabrication requirements.

* Use of materials with known characteristics, verified through rigorous inspection and testing,
as described in Chapter 9, assures component compliance with design requirements.

* Use of welding procedures in full compliance with Section m of the ASME Code ensures
high-quality weld joints.

Technical Specifications, as defined in Chapter 12, have been developed and imposed on the MPC
that assure that the integrity of the MPC and the contained SNF assemblies are maintained
throughout the 40-year design life of the MPC.

The principal design considerations bearing on the adequacy of the MPC for the service life are
summarized below.

Corrosion

All MPC materials are fabricated from corrosion-resistant austenitic stainless steel and passivated
aluminum. The corrosion-resistant characteristics of such materials for dry SNF storage canister
applications, as well as the protection offered by these materials against other material degradation
effects, are well established in the nuclear industry. The moisture in the MPC is removed to
eliminate all oxidizing liquids and gases and the MPC cavity is backfilled with dry inert helium at
the time of closure to maintain an atmosphere in the MPC that provides corrosion protection for the
SNF cladding throughout the dry storage period. The preservation of this non-corrosive atmosphere
is assured by the inherent seal worthiness of the MPC confinement boundary integrity (there are no
gasketed joints in the MPC).

Structural Fatigue

The passive non-cyclic nature of dry storage conditions does not subject the MPC to conditions that
might lead to structural fatigue failure. Ambient temperature and insolation cycling during normal
dry storage conditions and the resulting fluctuations in MPC thermal gradients and internal pressure
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is the only mechanism for fatigue. These low stress, high-cycle conditions cannot lead to a fatigue
failure of the MPC that is made from stainless alloy stock (endurance limit well in excess of 20,000
psi). All other off-normal or postulated accident conditions are infiequent or one-time occurrences,
which cannot produce fatigue failures. Finally, the MPC uses materials that are not susceptible to
brittle fracture.

Maintenance of Helium Atmosphere

The inert helium atmosphere in the MPC provides a non-oxidizing environment for the SNF
cladding to assure its integrity during long-term storage. The preservation of the helium atmosphere
in the MPC is assured by the robust design of the MPC confinement boundary described in Section
7.1. Maintaining an inert environment in the MPC mitigates conditions that might otherwise lead to
SNF cladding failures. The required mass quantity of helium backfilled into the canister at the time
of closure, as defined in the Technical Specification contained in Subsection 12.3.3, and the
associated leak tightness requirements for the canister defined in the Technical Specification
contained in Chapter 12, are specifically set down to assure that an inert helium atmosphere is
maintained in the canister throughout the 40-year design life.

Allowable Fuel Cladding Temperatures

The helium atmosphere in the MPC promotes heat removal and thus reduces SNF cladding
temperatures during dry storage. In addition, the SNF decay heat will substantially attenuate over a
40-year dry storage period. Maintaining the fuel cladding temperatures below allowable levels during
long-term dry storage mitigates the damage mechanism that might otherwise lead to SNF cladding
failures. The allowable long-term SNF cladding temperatures used for thermal acceptance of the
MPC design are conservatively determined, as discussed in Section 4.3.

Neutron Absorber Boron Depletion

The effectiveness ofthe fixed borated neutron absorbing material used in the MPC fuel basket design
requires that sufficient concentrations of boron be present to assure criticality safety during worst
case design basis conditions over the 40-year design life of the MPC. Information on the
characteristics ofthe borated neutron absorbing material used in the MPC fuel basket is provided in
Subsection 1.2.1.3.1. The relatively low neutron flux, which will continue to decay over time, to
which this borated material is subjected, does not result in significant depletion of the material's
available boron to perform its intended safety function. In addition, the boron content ofthe material
used in the criticality safety analysis is conservatively based on the minimum specified boron areal
density (rather than the nominal), which is further reduced by 25% for analysis purposes, as
described in Section 6.1. Analysis discussed in Section 6.3.2 demonstrates that the boron depletion in
the neutron absorber material Bolis negligible over a 50-year duration. Thus, sufficient levels of
boron are present in the fuel basket neutron absorbing material to maintain criticality safety functions
over the 40-year design life of the WPC.
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The above findings are consistent with those of the NRC's Waste Confidence Decision Review,
which concluded that dry storage systems designed, fabricated, inspected, and operated in the manner
of the requirements set down in this document are adequate for a 100-year service life, while
satisfying the requirements of 1OCFR72.

3.4.13 Design and Service Life

The discussion in the preceding sections seeks to provide the logical underpinnings for setting the
design life of the storage overpacks, the HI-TRAC transfer cask, and the MPCs as forty years. Design
life, as stated earlier, is a lower bound value for the expected performance life of a component
(service life). Ef operated and maintained in accordance with this Final Safety Analysis Report,
Holtec International expects the service life of its HI-STORM 100 and HI-STORM 100S
components to substantially exceed their design life values.
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Table 3.4.1

FINMTE ELEMENTS IN THE MPC STRUCTURAL MODELS

MPC Type Model Type

Element Type Basic 0 Degree Drop 45 Degree Drop

MPC-24 1068 1114 1113

BEAM3 1028 1028 1028

PLANE82 0 0 0

CONTAC12 40 38 38

CONTAC26 0 45 45

COMBIN14 0 3 2

MPC-32 1374 1604 1603

BEAM3 1346 1346 1346

CONTAC12 28 27 24

CONTAC26 0 229 228

COMBIN14 0 2 5

MPC-68 1842 2066 2063

BEAM3 1782 1782 1782

PLANE82 16 16 16

CONTAC12 44 43 40

CONTAC26 0 223 222

COMBIN14 0 2 3

MPC-24E 1070 1124 1122

BEAM3 1030 1030 1030

PLANE82 0 0 0

CONTAC12 40 38 38

CONTAC26 0 53 52

COMBIN14 0 3 2
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TABLE 3.4.2
HI-STORM 100 SYSTEM MATERIAL COMPATIBILITY

WITH OPERATING ENVIRONMENTS

(

Fuel Pool ISFSI Pad
Material/Component (Borated and Unhorated Water)t (Open to Environment)

Allo X: Stainless steels have been extensively used in spent fuel The MPC internal environment will be an inert (helium)
storage pools with both borated and unborated water with no atmosphere and the external surface will be exposed to
adverse reactions or interactions with spent fuel. ambient air. No adverse interactions identified.

- MPC Fuel Basket
- MPC Baseplate
- MPC Shell
- MPC Lid
- MPC Fuel Spacers _

Aluminum: Aluminum and stainless steel form a galvanic couple. In a non-aqueous atmosphere, galvanic corrosion is not
However, aluminum will be used in a passivated state. Upon expected.

- Heat Conduction passivation, aluminum forms a thin ceramic (A1203) barrier.
Elements Therefore, during the short time they are exposed to pool

water, significant corrosion of aluminum or production of
hydrogen is not expected (see operational requirements under
"Neutron Absorber Materialaeml" below).

Neutron Absorber Materialgeral The Boral will be passiyated befcre installation in the fuel No adverse potential reactions identified.
basket to minimize the amount of hydrogen released fem the

Neutron Absorber aetion to a non-eembustible een tiation
during MPC lid mcl ding or cltting operati one. Extensive in-
pool experience on spent fuel racks with no adverse
reactions. See Chapter 8 for additional requirements for
combustible gas monitoring and rcocmmended required
actions for control of combustible gas accumulation under the
MPC lid.

t HI-TRAC/MPC short-term operating environment during loading and unloading.

I
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TABLE 3.4.2 (CONTINUED)
HI-STORM 100 SYSTEM MATERIAL COMPATIBILITY

WITH OPERATING ENVIRONMENTS

Fuel Pool ISFSI PadMaterialConiponeaeit (Borated and Unborated Water)t (Open to Environnient)

Steels: All exposed steel surfaces (except seal areas, and pocket Internal surfaces of the HI-TRAC will be painted and
- SA350-LF2 trunnions) will be coated with paint specifically selected for maintained. Exposed external surfaces (except those listed in
- SA350-LF3 performance in the operating environments. Even without fuel pool column) will be painted and will be maintained with
- SA203-E coating, no adverse reactions (other than nominal corrosion) a fully painted surface. No adverse reactions identified.
- SA515 Grade 70 have been identified.
- SA516 Grade 70 Lid bolts are plated and the threaded portion of the bolt
- SA 193 Grade B7 anchor blocks is coated to seal the threaded area.
- SA106 (HI-TRAC)
Steels: HI-STORM 100 storage overpack is not exposed to fuel pool Internal and external surfaces will be painted (except for bolt

environment. locations that will have protective coating). External surfaces
- SA516 Grade 70 will be maintained with a fully painted surface. No adverse
- SA203-E reaction identified.
- SA350-LF3

Storage Overpack

Stainless Steels: Stainless steels have been extensively used in spent fuiel Stainless steel has a long proven history of corrosion
storage pools with both borated and unborated water with no resistance when exposed to the atmosphere. These materials

- SA240 304 adverse reactions. are used for bolts and threaded inserts. No adverse reactions
- SA193 Grade B8 with steel have been identified. No impact on performance.

18-8 S/S

Miscellaneous
Components

t HI-TRAC/MPC short-tenn operating environment during loading and unloading.
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TABLE 3.4.2 (CONTINUED)
HI-STORM 100 SYSTEM MATERIAL COMPATIBILITY

WITH OPERATING ENVIRONMENTS

(

Material/Component Fuel Pool ISFSI Pad
(Borated and Unborated Water)t (Open to Environment)

Nickel Alloy: No adverse reactions with borated or unborated Exposed to weathering effects. No adverse
water. reactions with storage overpack closure plate. No

- SB637-N07718 impact on performance.

Lifting Trunnion

Brass/Bronze: Small surface of pressure relief valve will be Exposed to external weathering. No loss of
exposed. No significant adverse impact identified. function expected.

- Pressure Relief
Valve Hl-TRAC

Holtite-A: The neutron shield is fully enclosed. No adverse The neutron shield is fully enclosed in the outer
reaction identified. No adverse reactions with enclosure. No adverse reaction identified. No

- Solid Neutron thermal expansion foam or steel. adverse reactions with thermal expansion foam or
Shield steel.

HI1-TRAC/MIPC short-term operating environment during loading and unloading.
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TABLE 3.4.2 (CONTINUED)
HI-STORM 100 SYSTEM MATERIAL COMPATIBILITY

WITH OPERATING ENVIRONMENTS

Material/Component Fuel Pool ISFSI Pad
(Borated and Unborated Water)t (Open to Environment)

Paint: Carboline 890 used for all HI-STORM I00 surfaces and only Good performance on surfaces. Discoloration is not a
HI-TRAC exterior surfaces. Acceptable performance for concern.

- Carboline 890 short-term exposure in mild borated pool water.
- Thermaline 450

Thermaline 450 selected for HI-TRAC internal surfaces for
excellent high temperature resistance properties. Will only be
exposed to demineralized water during in-pool operations as
annulus is filled prior to placement in the spent fuel pool and
the inflatable seal prevents fuel pool water in-leakage. No
adverse interaction identified which could affect MPC/fuel
assembly performance.

Elastomer Seals: No adverse reactions identified. Only used during fuel pool operations.

Lead: Enclosed by carbon steel. Lead is not exposed to fuel pool Enclosed by carbon steel. Lead is not exposed to ambient
water. Lead has no interaction with carbon steel. environment. Lead has no interaction with carbon steel.

Concrete: Storage overpack is not exposed to fuel pool water. Concrete is enclosed by carbon steel and not exposed to
ambient environment. Concrete has no interaction with carbon
steel.

t HI-TRAC/MPC short-term operating environment during loading and unloading.
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TABLE 3.4.3
FUEL BASKET RESULTS - MINIMUM SAFETY FACTORS

C

Load Case L - F Location In FSARW4hei'e-4he
I.D. Loadingt Safety Factor Annysis h Performed

Subsection 3.4.4.223-, 3U,
Fl T, T' No interference 3.W,3.Ar

F2 D + H 2.79 3.AA of Docket 72-1008

F3

F3.a D + 3.59 3.4.4.3.1.3
(end drop)

F3.b D + 1.32 Table 3.4.6
(side drop 0 deg.)

F3.c D + H' 1.28 Table 3.4.6
(side drop 45 deg.)

t The symbols used for the loadings are defined in Table 2.2.13.
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TABLE 3.4.4
MPC RESULTS - MINIMUM SAFETY FACTOR

Load Case I.D. Load Combinationtt | Safety Factor Location in FS Where the Analysi is Pcrfmed
El

El.a Design internal pressure, Pi 8.594-l E.l.a Lid Table 3.4. 73.E.8.1.1 of Docket 72
1.326 400
1.20-C36 Baseplate 3.1.8.1 of Docket 72-1008
N/A Shell Table 3.4.7

Supports
El.b Design external pressure, P.

15 E.1.b Lid Pi bounds
1.326 Baseplate Pi bounds
38.514-7 Shell Buckling (methodology in 3.H of

Docket 72-1008)3.7H (Gase -4)
(buekl~ig) of Dooket 72 1008

El.c Design internal pressure, Pi, N/A Supports
plus Temperature T

1.09-1.1 El.c Shell Table 3.4.8

E2 D + H + (Pi, P,) 6.5 Lid 3.E.8.1.2 of Docket 72-1008
1.088 Baseplate 3.1.8.2 of Docket 72-1008
2.64*0.9673(stress), Shell Table 3.4.93.AA (stress) of Docket 72-
45.51.17(buekling) 1008

Buckling (methodology in 3.H of Docket
5.854.58 72-1008)3.11 (Caso 1) (buelding) of Docket

Supports Table 3.4.93.AA of Docket 72-1008
Note: 0.967 multiplier reflects increase in MPC shell design temperature to 500 deg. F

t The symbols used for the loadings are defined in Table 2.2.13
tt Note that in analyses, bounding pressures are applied, i.e., in buckling calculations P. is used, and in stress evaluations either P. or Pi is appropriate

I
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TABLE 3.4.4 (CONTINUED)
MPC RESULTS - MINIMUM SAFETY FACTOR

(7

Load Case I.D. Load Combinatlontft Safety Factor Location in FSAR Whcrc the Anatysis is Perfemnd

E3
E3.a (Pi,P0) + D + H', end drop 2.8 E.a Lid 3.E.8.2.1-2 of Docket 72-1008

1.28 Baseplate 3.1.8.3 of Docket 72-1008
1.7224 Shell Buckling (methodology in 3.H of

Docket 72-10H83 -(Gse -- 5)
N/A (buek~a)

of Deekot 72 1008
E3.b (PiP 0) + D + H', side drop 0 Supports

deg. 2.8
1.28 E.b Lid end drop bounds
1.06t Baseplate end drop bounds
1.18 Shell Table 3.4.6
4-P8< Supports Table 3.4.6

E3.c (PiP 0) + D + H', side drop e Supports: Appendi* 3.Y
45 deg. 2.8

1.28 E.c. Lid end drop bounds
1.416 Baseplate end drop bounds
1.56 Shell Table 3.4.6Cnloulafton Paokage

Supports Table 3.4.6

I

-

t
tt

The symbols used for the loadings are defined in Table 2.2.13
Note that in analyses, bounding pressures are applied, i.e., in buckling calculations P. is used, and in stress evaluations either P. or Pi is appropriate
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TABLE 3.4.4 (CONTINUED)
MPC RESULTS - MINIMUM SAFETY FACTOR

Load Case Load Combinationt, tt Safety Factor Location in FSAR
I.D. .

E4 T Subsection 3.4.4.2 Subsection 3.4.4.2
shows there are no
primary stresses from
thermal expansion.

E5 D + T* + (Pi*,Po*) 27.2 Lid 3.E.8.2.1.3 of Docket 72-1008
1.78 Baseplate 3.1.8.4 of Docket 72-1008
1.1508 (buckling)hng)- Shell Buckling (methodology in 3.H of Docket

72-1008)3.H (Caso 6) (buckling) of
13.6446 (stress) Deeket 72 1008

3.4.4.3.1.5 (thermal stress) of Docket 72-
N/A 1008

Supports N/A

t The symbols used for the loadings are defined in Table 2.2.13.

tt Note that in analyses, bounding pressures are applied, i.e., in buckling calculations PO is used, and in stress evaluations either P. or Pi is
appropriate.
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TABLE 3.4.5
HI-STORM 100 STORAGE OVERPACK AND HI-TRAC RESULTS - MINIMUM SAFETY FACTORS

(

Load Case I.D. Loadlngt Safety Factor Location In FSAR

01 D+H+T+(PPi) Overpack
1.33 Shell (inlet vent)/Base 3.4.3.5.D
N/A Top Lid N/A

HI-TRAC
2.83(125); 2.29(100) Shell 3.AB, 3.4.3.3:
2.604 (ASME Code limit) 3.4.3.4
2.61 (ASME Code limit) Pool Lid 3&AB3.4.3.8
2.91; 1.l (optional bolts) Top Lid JANIA

Pocket Trunnion 3.4.4.3.3.13AAt

02
02.a D + H' + (P",Pi) Overpack

(end drop/tip-over) 1.606 Shell N,13.4.4.3.2.3
1.134 Top Lid 3.4.4.3.2.2

02.b D + H' + (POPP) HI-TRAC
(side drop) 2.09 Shell ,3.4.9

1.392 Transfer Lid 3ADj3.4.4.3.3.3
__________ 1.651 Top Lid 3.A43.4.4.3.3.5

03 D (water jacket) 1.168 3.AG -3.A4.3.3.4
04 M (small and 2.65 (Side Strike); 1.35(End strike) Overpack 3.4.8.1

medium penetrant
missiles) 1.23 (End Strike), HI- TRA C 3.4.8.2.1

I

I

I

t The symbols used for the loadings are defined in Table 2.2.13.
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TABLE 3.4.6
MINIMUM SAFETY FACTORS FOR MPC COMPONENTS DURING TIP-OVER

45g DECELERATIONS

Componlenit - Stress Result MPC-24 MPC-68
0 Degrees 45 Degrees 0 Degrees 45 Degrees

Fuel Basket - Primary Membrane (P,,) 3.46 ( 4.83 3.01 4.36
(1134) (396) (1603) (1603)]

Fuel Basket - Local Membrane Plus 1.32 1.33 2.18 1.44
Primary Bending (PL+Pb) (1065) (577) (1590) (774)
Enclosure Vessel - Primary Membrane (Pa.) 6.54*.967 6.62'.967 6.56*.967 6.86*"967

(1354) (1370) (2393) (2377)
Enclosure Vessel - Local Membrane Plus 2.52t967 2.99*.967 1.10*.967 1.56*.967
Primary Bending (PL+Pb) (1278) i (1247) (1925) (1925)
Basket Supports - Primary Membrane (P.) N/A N/A 7.15 | 9.37

(1710) (1699)
Basket Supports - Local Membrane Plus N/A N/A 1.18 1.56
Primary Bending (PL+Pb) (1715) (1704)

I

Notes:

1.
2.

Corresponding ANSYS element number shown in parentheses.
Multiplier of 0. 967 reflects increase in Enclosure Vessel Design Temperaturefrom 450 deg. F to 500 deg. F in this Revision (Table 2.2.3).Deleted.
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TABLE 3.4.6 (CONTINUED)
MINIMUM SAFETY FACTORS FOR MPC COMPONENTS DURING TIP-OVER

45g DECELERATIONS

(

MPC-32

Component - Stress Result 0 Degrees 45 Degrees

Fuel Basket - Primary Membrane (P.) 3.51 4.96
(715) (366)

Fuel Basket - Local Membrane Plus Primary 1.51 1.28
Bending (PL+Pb) , (390) (19)
Enclosure Vessel - Primary Membrane (P.) 4.1 1 *.967 5.59 *'967

:_______________________________ (1091) (1222)
Enclosure Vessel - Local Membrane Plus Primary 1.1 I*.967 1.46t.967
Bending (PL+Pb) (1031) (1288)
Basket Supports - Primary Membrane (P,) 3.44 4.85

._____________________________________ (905) (905)
Basket Supports - Local Membrane Plus Primary 1.30 1.71
Bending (PL+Pb) (901) (908)

I

I

Notes:

1.
2.

Corresponding ANSYS element number shown in parentheses.
Multiplier of 0.967 reflects increase in Enclosure Vessel Design Temperature from 450 deg. F to 500 deg. F in this Revision (Table 2.2.3). Deleted. I
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TABLE 3.4.6 (CONTINUED)
MINIMUM SAFETY FACTORS FOR MPC-24E COMPONENTS DURING TIP-OVER

45g DECELERATIONS
I

Components - Stress Result 0 Degrees 45 Degrees

Fuel Basket - Primary -10,050 -7,021
Membrane (P.) (3.67) (5.26)

Fuel Basket - Primary
Membrane plus Primary 31,912 30,436
Bending (PL + Pb) (1.73) (1.82)

Enclosure Vessel - Primary 6,586 6,534
Membrane (P.) (6.59 *.967) (6.65 *.967)

Enclosure Vessel - Primary
Membrane plus Primary 23,100 17,124
Bending (PL + Pb) (2.82*.967) (3.80*967)

I

Notes: 1. All stresses are reported in psi units and are based on closed gaps (primary stresses only).
2. -2.-The numbers shown in parentheses are the corresponding safety factors.
3. Multiplier of 0.967 reflects increase in Enclosure Vessel Design Temperature from 450 deg. F to 500 deg. F in this

Revision (Table 2.2.3).
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TABLE 3.4.7
STRESS INTENSITY RESULTS FOR CONFINEMENT BOUNDARY -

INTERNAL PRESSURE ONLY

C

Calculated
Locations Value of Table 3.1.13

Locations Stress Allowable Safety Factor
( 1er Fig. Intensity Category Value (ps)t (Allowable/Calculated)
3.4.11) (*') .__________(Ps')

Top Lid

A 1,6334644 PL + Pb 25,45O26,340 15.66-.0
Neutral Axis 21.92" P. 16,95047.SO0 774866uY
B 1,6044605 PL + Pb 25,450263,00 15.94-649

P 69568 PL + Pb 25,45026,400 36..
Neutral Axis 73273- P. 16,95017,SOO 23.224"
D 2,9622n6O PL + Pb 25,45026,M0 8.59__ _ _

Basieplate.
E 19,77349,683 PL + Pb 28,1002g4000 1.4214V
Neutral Axis 41544-2 P. 18,7002-00 45. 1484
F 20,60120,28 PL + Pb 28,10O30400O 1.361,4

G 9,610%9$ PL + Pb 28,I0034),0Q 2.9234
Neutral Axis 2,26824,8 P. 18,70020,000 8.2584
H 8,27980240 PL + Pb 28,100 4OOMM 3.3934

t Allowable stress intensitiesy are evaluated at 550500 degrees F (idte),-ad 40030 degrees F (baseplatebettem), and 500 degrees F
(canister).
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TABLE 3.4.7 (CONTINUED)
STRESS INTENSITY RESULTS FOR CONFINEMENT BOUNDARY -

INTERNAL PRESSURE ONLY

Locations Calculated Table 3.1.13
(Per Fig. Value of Allowable Safety Factor
3.4.11) Stress Category Value (psl)t (Allowable/Calculated)

Iateasity
(psi)

Canister

I 6,788&846 Pm 17,500 2.5852T

Upper Bending 7,2027 PL + Pb + Q 52,500 7.29440
Boundary Layer 7,0147,044 PL-4.~ 26,300 3.75343
Region

Lower Bending 43,64549 PL + Pb + Q 52,5006000( 1.20446
Boundary Layer 11,349-0;62- PL-Y-P 26,30030000 2.32282
Region

I

t Allowable stress intensitiesy are evaluated at 550O0 degrees F (1idtep),-and 40030Q degrees F (baseplatebe4#m), and 500 degrees F
(canister).
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TABLE 3.4.8
PRIMARY AND SECONDARY STRESS INTENSITY RESULTS FOR

CONFINEMENT BOUNDARY - PRESSURE PLUS THERMAL LOADING

(

Calculated
Locations Value of Allowable Safety Factor

(Per Fig. 3.4.11) Stress Category Stress (Allowable/Calculated)
Intensity Intensity

(psi) (psi)t

Top Lid

A 7,866,630 PL+Pb+Q 50,85052,50 6.4632-.
Neutral Axis 6,553224 P. + PL 25,45026,300 3.884,469.
B 3,4094-6044 PL+Pb+Q 50,8502$QO 14.9324

C 13,646696 PL + Pb + Q 50,850S2,500 3.735.4
Neutral Axis 12, 1827-34 P. + PL 25,45026,3(0 2.096O
D 11,1452-960 PL + Pb + Q 50,85052j5M 4.561744

Baseplate

E 19,4174-97-98 PL+Pb+Q 56,,10060,4W 2.893vO
Neutral Axis 223.14410. P. + PL 28,10034jOOO 126?74
F 19,860M",62 PL+Pb+Q 56,)I00%,OOW 2.822-.9

G 4,8364,789.4 Pm + PL + Q 56,10060 00 11.612.4
Neutral Axis 1,2 0 1 4 43 48 Pm+PL 28,100%1 0 23.426.
H 4,4734T4M4 PL+Pb-+ Q 56,10060000 12.5444

I

t Allowable stress intensities are evaluated at 550 degrees F (Ild), 400 degrees F(baseplate), and 500 degrees F (canister). I
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TABLE 3.4.8 (CONTINUED)
PRIMARY AND SECONDARY STRESS INTENSITY RESULTS FOR

CONFINEMENT BOUNDARY - PRESSURE PLUS THERMAL LOADING

Calculated Allowable Safety Factor
Locations (Per Fig. 3.4.1 1) Value of Stress Category Stress Intensity (Allowable/Calculated)

Intensity (psi)_ (psi)(

Canister

I 6,7996C;NAP4 Rm4PL 26,30030.000 3.874A

Upper Bending Boundary 12,813420Q4 PL + Pb + Q 52,500 4. 10Q4
Layer Region 12, 1854I294 PmPL 26,300 2.16"4

Lower Bending
Boundary Layer 48,37843A,14 PL + Pb + Q 52,50060,000 1.094.A
Region 12,0284.0498 1'.,-PL 26,30034;044 2.192-9

I

I

t Allowable stress intensities are evaluated at 550 degrees F (lid), 400 degrees F (baseplate), and 500 degrees F (canister).
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TABLE 3A.9
SAFETY FACTORS FROM SUPPLEMENTARY CALCULATIONS

FSAR
Item Loading ~~~~~~ ~~Safety LocationItem Loading Factor Where Details are

Provided
HI-STORM Top Lid Weld Shear Tipover 3.22 3.4.4.3.2.23J&
HI-STORM Lid Bottom Plate End Drop 9.908 3.4.4.3.2.33-.M-;

13-STORM Lid Bottom Plate Welds End Drop 2.695 3.4.4.3.2.33-.M
Pedestal Shield Compression End Drop 1.011 3.4.4.3.2.31M
HI-STORM Inlet Vent Plate Bending End Drop 1.606 3.4.4.3.2.33-A
Stress ._ _ _ _ - , _.

HI-STORM Lid Top Plate Bending End Drop -100 5.29 3.4.4.3.2.33zM
100S 1.625

HI-TRAC Pocket Trunnion Weld HI-TRAC Rotation 2.92 3.4.4.3.3.13.AA

H-TRAC 100 Optional Bolts - Tension HI-TRAC Rotation 1.11 3.4.4.3.3.1)3 dJ

HI-STORM 100 Shell Seismic Event 18.6 3.4.7

HI-TRAC Transfer Lid Door Lock Bolts Side Drop 2.387 3.4.4.3.3.33AD

Hl-TRAC Transfer Lid Separation Side Drop 1329 3.4.4.3.3. 33AD

HI-STORM 100 Top Lid Missile Impact 1.29444 3.4.&)XG

HI-STORM 100 Shell Missile Impact 2.77 3.4.8.13

HI-TRAC Water Jacket -Enclosure Pressure 1.17 3.4.4.3.3.43
Shell Bending . .
HI-TRAC Water Jacket - Enclosure Pressure plus Handling 1.14 Subeti
Shell Bending . 3.4.4.3.3.1
HI-TRAC Water Jacket - Bottom Pressure 139 3A.4.43.3.4
Flange Bending
HI-TRAC Water Jacket - Weld Pressure 1.42 3.4.4.3.3.43.AG
Fuel Basket Support Plate Bending Side Drop 1.91 3.4.4.3.1.834

Fuel Basket Support Welds Side Drop 2.09 3.4.4.3.1.8

MPC Cover Plates in MPC Lid Accident Condition 1.349 3.4.4.3.1.8SF
Internal Pressure

MPC Cover Plate Weld Accident Condition 5.846.04 3.4.4.3J1.834
Internal Pressure

HI-STORM Storage Overpack External Pressure 2.88 3.4.4.5.23-AK

HI-STORM Storage Overpack Missile Strike 2.49 3.4.8.1t"
Circumferential Stress
HI-TRAC Transfer Cask Circumferential Missile Strike 2.61 3.4.8.2;3-AM
Stress

HI-TRAC Transfer Cask Axial Side Drop 2.09 3Z;-3.4.9.1
Membrane Stress I

I

I

I

I

I
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TABLE 3.4.10
INPUT DATA FOR SEISMIC ANALYSIS OF ANCHORED 111-STORM 100 SYSTEM

Item Data Used Actual Value and Reference
Cask height, inch 231.25 231.25" (Dwg. 1495)
Contact diameter at ISFSI pad, inch 146.5 146.5 ()wg. 3187)
Overpack empty, wt. Kips 270 267.87 (Table 3.2.1)
Bounding wt. of loaded MPC, ips 90 88.135 (Table 3.2.1)
Overpack-to-MPC radial gap (inch) 2.0 2.0' (Dwg. 1495, Sheets 2 and 5)
Overpack C.G. height above ISFSI 117.0 116.8 (Table 3.2.3)
pad, inch
Overpack with Loaded MPC - C.G. 118.5 118.5 (Table 3.2.3)
height above lSFSl pad
Applicable Response Spectra Fig. 3.4-31 to 3.4-36 Figures 3.4-30
ZPA: RG 1.60 Western Plant

Horizontal I 1.5 1.45
Horizontal 2 1.5 1.45 Site-Specific
Vertical 1.5 1.3

No. of Anchor Studs 28 Up to 28
Anchor Stud Diameter

Inch 2.0 2.0 (BOM 3189)
Yield stress, ksi 80 (minimum) Table 1.2.7
Ultimate stress, ksi 125 (minimum) Table 1.2.7
Free length, inch* 16-42 Site-specific
Pre-load tensile stress, ksi 55-65 55-65

*For the confirmatory dynamic analyses, bolt spring rates were computed using the maximum
length, and the preload stress was slightly above 60.1 ksi For the static analysis, all combinations
were evaluated.
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3.6 SUPPLEMENTAL DATA

3.6.1 Additional Codes and Standards Referenced in HI-STORM 100 System Design and
Fabrication

The following additional codes, standards and practices were used as aids in developing the
design, manufacturing, quality control and testing methods for HI-STORM 100 System:

a. Design Codes

(1) AISC Manual of Steel Construction, 1964 Edition and later.

(2) ANSI N210-1976, "Design Requirements for Light Water Reactor Spent Fuel
Storage Facilities at Nuclear Power Stations".

(3) American Concrete Institute Building Code Requirements for Structural Concrete,
ACI-318-95.

(4) Code Requirements for Nuclear Safety Related Concrete Structures, ACI349-
85/ACI349R-85, and ACI349.lR-80.

(5) ASME NQA-1, Quality Assurance Program Requirements for Nuclear Facilities.

(6) ASME NQA-2-1989, Quality Assurance Requirements for Nuclear Facility
Applications.

(7) ANSI Y14.5M, Dimensioning and Tolerancing for Engineering Drawings and
Related Documentation Practices.

(8) ACI Detailing Manual - 1980.

(9) Crane Manufacturer's Association of America, Inc., CMAA Specification #70,
Specifications for Electric Overhead Traveling Cranes, Revised 1988.

b. Material Codes - Standards of ASTM

(1) E165 - Standard Methods for Liquid Penetrant Inspection.

(2) A240 - Standard Specification for Heat-Resisting Chromium and Chromium-
Nickel Stainless Steel Plate, Sheet and Strip for Fusion-Welded Unfired Pressure
Vessels.

(3) A262 - Detecting Susceptibility to Intergranular Attack in Austenitic Stainless
Steel.
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(4) A276 - Standprd Specification for Stainless and Heat-Resisting Steel Bars and
Shapes.

(5) A479 - Steel Bars for Boilers & Pressure Vessels.

(6) ASTM A564, Standard Specification for Hot-Rolled and Cold-Finished Age-
Hardening Stainless and Heat-Resisting Steel Bars and Shapes.

(7) C750 - Standard Specification for Nuclear-Grade Boron Carbide Powder.

(8) A380 - Recommended Practice for Descaling, Cleaning and Marking Stainless
Steel Parts and Equipment.

(9) C992 - Standard Specification for Boron-Based Neutron Absorbing Material
Systems for Use inNuclear Spent Fuel Storage Racks.

(10) ASTM E3, Preparation of Metallographic Specimens.

(11) ASTM E190, Guided Bend Test for Ductility of Welds.

(12) NCA3800 - Metallic Material Manufacturer's and Material Supplier's Quality
System Program.

c. Welding Codes: ASME Boiler and Pressure Vessel Code, Section IX - Welding and
Brazing Qualifications, 1995 Edition.

d. Ouality Assurance. Cleanliness. Packaging. Shipping. Receiving. Storage. and Handling
Requirements

(1) ANSI 45.2.1 - Cleaning of Fluid Systems and Associated Components during
Construction Phase of Nuclear Power Plants.

(2) ANSI N45.2.2 - Packaging, Shipping, Receiving, Storage and Handling of Items
for Nuclear Power Plants (During the Construction Phase).

(3) ANSI - N45.2.6 - Qualifications of Inspection, Examination, and Testing
Personnel for Nuclear Power Plants (Regulatory Guide 1.58).

(4) ANSI-N45.2.8, Supplementary Quality Assurance Requirements for Installation,
Inspection and Testing of Mechanical Equipment and Systems for the
Construction Phase of Nuclear Power Plants.
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(5) ANSI - N45.2. 11, Quality Assurance Requirements for the Design of Nuclear
Power Plants.

(6) ANSI-N45.2.12, Requirements for Auditing of Quality Assurance Programs for
Nuclear Power Plants.

(7) ANSI N45.2.13 - Quality Assurance Requirements for Control of Procurement of
Equipment Materials and Services for Nuclear Power Plants (Regulatory Guide
1.123).

(8) ANSI N45.2.15-18 - Hoisting, Rigging, and Transporting of Items for Nuclear
Power Plants.

(9) ANSI N45.2.23 - Qualification of Quality Assurance Program Audit Personnel for
Nuclear Power Plants (Regulatory Guide 1.146).

(10) ASME Boiler and Pressure Vessel, Section V, Nondestructive Examination,
19955 Edition. -

(11) ANSI - N16.9-75 Validation of Calculation Methods for Nuclear Criticality
Safety.

e. Reference NRC Design Documents

(1) NUREG-0800, Radiological Consequences of Fuel Handling Accidents.

(2) NUREG-0612, "Control of Heavy Loads at Nuclear Power Plants", USNRC,
Washington, D.C., July, 1980.

(3) NUREG-1536, "Standard Review Plan for Dry Cask Storage Systems", USNRC,
January 1997, Final Report.

f Other ANSI Standards (not listed in the preceding!

(1) ANSI/ANS 8.1 (N16.1) - Nuclear Criticality Safety in Operations with Fissionable
Materials Outside Reactors.

(2) ANS1/ANS 8.17, Criticality Safety Criteria for the Handling, Storage, and
Transportation of LWR Fuel Outside Reactors.

(3) N45.2 - Quality Assurance Program Requirements for Nuclear Facilities - 1971.

(4) N45.2.9 - Requirements for Collection, Storage and Maintenance of Quality
Assurance Records for Nuclear Power Plants - 1974.
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(5) N45.2.1O - Quality Assurance Terms and Definitions - 1973.

(6) ANSI/ANS 57.2 (N210) - Design Requirements for Light Water Reactor Spent
Fuel Storage Facilities at Nuclear Power Plants.

(7) N14.6 (1993) - American National Standard for Special Lifting Devices for
Shipping Containers Weighing 10,000 pounds (4500 kg) or more for Nuclear
Materials.

(8) ANSI/ASME N626-3, Qualification and Duties of Personnel Engaged in ASME
Boiler and Pressure Vessel Code Section a, Div. 1, Certifying Activities.

g. Code of Federal Regulations

(1) lOCFR20 - Standards for Protection Against Radiation.

(2) 1OCFR21 - Reporting of Defects and Non-compliance.

(3) 1 OCFR50 - Appendix A - General Design Criteria for Nuclear Power Plants.

(4) 1OCFR50 - Appendix B - Quality Assurance Criteria for Nuclear Power Plants
and Fuel Reprocessing Plants.

(5) 1OCFR61 - Licensing Requirements for Land Disposal of Radioactive Material.

(6) 1OCFR71 - Packaging and Transportation of Radioactive Material.

h. Regulatory Guides

(1) RG 1.13 - Spent Fuel Storage Facility Design Basis (Revision 2 Proposed).

(2) RG 1.25 - Assumptions Used for Evaluating the Potential Radiological
Consequences of a Fuel Handling Accident in the Fuel Handling and Storage
Facility of Boiling and Pressurized Water Reactors.

(3) RG 1.28 - (ANSI N45.2) - Quality Assurance Program Requirements.

(4) RG 1.29 - Seismic Design Classification (Rev. 3).

(5) RG 1.31 - Control of Ferrite Content in Stainless Steel Weld Material.
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(6) RG 1.38 - (ANSI N45.2.2) Quality Assurance Requirements for Packaging,
Shipping, Receiving, Storage and Handling of Items for Water-Cooled Nuclear
Power Plants.

(7) RG 1.44 - Control of the Use of Sensitized Stainless Steel.

(8) RG 1.58 - (ANSI N45.2.6) Qualification of Nuclear Power Plant Inspection,
Examination, and Testing Personnel.

(9) RG 1.61 - Damping Values for Seismic Design of Nuclear Power Plants, Rev. 0,
1973.

(10) RG 1.64 - (ANSI N45.2.1 1) Quality Assurance Requirements for the Design of
Nuclear Power Plants.

(11) RG 1.71 - Welder Qualifications for Areas of Limited Accessibility.

(12) RG 1.74 - (ANSI N45.2. 10) Quality Assurance Terms and Definitions.

(13) RG 1.85 - Materials Code Case Acceptability - ASME Section 3, Div. 1.

(14) RG 1.88 - (ANSI N45.2.9) Collection, Storage and Maintenance of Nuclear Power
Plant Quality Assurance Records.

(15) RG 1.92 - Combining Modal Responses and Spatial Components in Seismic
Response Analysis.

(16) RG 1.122 - Development of Floor Design Response Spectra for Seismic Design of
Floor-Supported Equipment or Components.

(17) RG 1.123 - (ANSI N45.2.13) Quality Assurance Requirements for Control of
Procurement of Items and Services for Nuclear Power Plants.

(18) RG 1.124 - Service Limits and Loading Combinations for Class I Linear-Type
Component Supports, Revision 1, 1978.

(19) Reg. Guide 3.4 - Nuclear Criticality Safety in Operations with Fissionable
Materials at Fuels and Materials Facilities.

(20) RG 3.41 - Validation of Calculational Methods for Nuclear Criticality Safety,
Revision 1, 1977.
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(21) Reg. Guide 8.8 - Information Relative to Ensuring that Occupational Radiation
Exposure at Nuclear Power Plants will be as Low as Reasonably Achievable
(ALARA).

(22) DG-8006, "Control of Access to High and Very High Radiation Areas in Nuclear
Power Plants".

i. Branch Technical Position

(1) CPB 9.1-1 - Criticality in Fuel Storage Facilities.

(2) ASB 9-2 - Residual Decay Energy for Light-Water Reactors for Long-Term
Cooling.

j. Standard Review Plan (NUREG-0800)

(1) SRP 3.2.1 - Seismic Classification.

(2) SRP 3.2.2 - System Quality Group Classification.

(3) SRP 3.7.1 - Seismic Design Parameters.

(4) SRP 3.7.2 - Seismic System Analysis.

(5) SRP 3.7.3 - Seismic Subsystem Analysis.

(6) SRP 3.8.4 - Other Seismic Category I Structures (including Appendix D),
Technical Position on Spent Fuel Rack.

(7) SRP 3.8.5 - Foundations

(8) SRP 9.1.2 - Spent Fuel Storage, Revision 3, 1981.

(9) SRP 9.1.3 - Spent Fuel Pool Cooling and Cleanup System.

(10) SRP 9.1.4 - Light Load Handling System.

(11) SRP 9.1.5 - Overhead Heavy Load Handling System.

(12) SRP 15.7.4 - Radiological Consequences of Fuel Handling Accidents.

k. AWS Standards

(1) AWS Dl.1 - Structural Welding Code, Steel.
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(2) AWS A2.4 - Standard Symbols for Welding, Brazing and Nondestructive
Examination.

-(3) AWS A3.0 - Standard Welding Terms and Definitions.

(4) AWS A5.12 - Tungsten Arc-welding Electrodes.

(5) AWS QCl - Standards and Guide for Qualification and Certification of Welding
Inspectors.

1. Others

(1) ASNT-TC-1A - Recommended Practice for Nondestructive Personnel
Qualification and Certification.

(2) SSPC SP-2 - Surface Preparation Specification No. 2 Hand Tool Cleaning.

(3) SSPC SP-3 - Surface Preparation Specification No. 3 Power Tool Cleaning.

(4) SSPC SP-10 - Near-White Blast Cleaning.

3.6.2 Computer Programs

Three computer programs, all with a well established history of usage in the nuclear industry,
have been utilized to perform structural and mechanical analyses documented in this report.
These codes are ANSYS, DYNA3D, and WORKING MODEL. ANSYS is a public domain code
which utilizes the finite element method for structural analyses.

WORKING MODEL Version V.3.OJV.4.0

This code is used in this lOCFR72 submittal to compute the dynamic load resulting from
intermediate missile impact on the overpack closure and to evaluate the
maximum elastic spring rate associated with the target during a HI-TRAC handling accident
event.

WORKING MODEL has been previously utilized in similar dynamic analyses of the HI-STAR
100 system (Docket No. 72-1008).

'WORKING MODEL" (V3.01V4.0) is a Computer Aided Engineering (CAE) tool with an
integrated user interface that merges modeling, simulation, viewing, and measuring. The
program includes a dynamics algorithm that provides automatic collision and contact handling,
including detection, response, restitution, and friction.
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Numerical integration is performed using the Kutta-Merson integrator which offers options for
variable or fixed time-step and error bounding.

The Working Model Code is commercially available. Holtec has performed independent QA
validation of the code (in accordance with Holtec's QA requirements) by comparing the solution
of several classical dynamics problems with the numerical results predicted by Working Model.
Agreement in all cases is excellent.

Additional theoretical material is available in the manual: "Users Manual, Working Model,
Version 3", Knowledge Revolution, 66 Bovet Road, Suite 200, San Mateo, CA, 94402.

DYNA3D

"DYNA3D" is a nonlinear, explicit, three-dimensional finite element code for solid and structural
mechanics. It was originally developed at Lawrence Livermore Laboratories and is ideally suited
for study of short-time duration, highly nonlinear impact problems in solid mechanics. DYNA3D
is commercially available for both UNIX work stations and Pentium class PCs running Windows
95 or Windows NT. The PC version has been fully validated at Holtec following Holtec's QA
procedures for commercial computer codes. This code is used to analyze the drop accidents and
the tip-over scenario for the HI-STORM 100. Benchmarking of DYNA3D for these storage
analyses is discussed and documented in Appendix 3.A.

3.6.3 Apepndiceesppendix Included in Chapter 3

3.A HI-STORM Deceleration Under Postulated Vertical Drop Event and Tipover
3.B HI STORM 100 Oveipaek Defemiation in Non Mchanistio Tipover Event
3.C Responso of Cask to Tornado Wind Load and Large Missile Impact
3.D Vertical Handling of Overpack with Heaviest NPC
3.E Lifting Trunnion Stress Analysis for HI TRAC
3.F Lead Slump-Analysis (HI TRAC Side Drcp)
3.0 Missile Penetration Analysis for_ 1 STOGM! 1 00
3.1 Mfissile Penetation Analysis for- HI TRACG
3.1 HI TRAC FrIee Thermal Epansionn
34-Deleted
3.K HI STORM Tipever Lid Analysis
3.L HI STORA! Lid Top Plate Bolting
3.A Vertical Drep of Overpaok
3.N Deleted.
3.0 Deleted.
3.P Deleted.
3.Q Deleted.
3.R Deleted.
3S Deleted-
3.T Deleted.

HI-STORM FSAR Proposed Rev. 2A
REPORT HI-2002444 3.6-8



3.U HI STORMS 100 Component Thermal Expansions 4C 24
3.V HI STORM 100 Component Thermal Expansion MPC 32
3.W HISTORM)100 OO~mpeonnt Therma E-xpansionw L4CG68
3.M Calculation of Dynamic Lead Factors
3.Y NMiseellaneeus Galeulatiens
3.Z Il flRAG Herizontal D~rop Analysis
3.AA HI TRAC 125 Rotatin Trunnien Weld Arnalysis-
3.AB TRllAG Peel Lid Stress and Closurc Analysis
&AG Lifting Caleulatiens
3AD) !25 Toen HI TR.AC Transfer- Lid Stress Analysisj
&AB Glebal Analysis-of 1HI flA Lift
3.AF MPC TrFansfer- frm HI TRAG te HIf STORM 100 Under- Celd Genditiens ef

Ster-age
3.AG Stress Analyis ef the HI TR terP.-Ct Jaek-et
3MAH Il TRAC Tcp Lid Sepratfion A~nalys.es
3 AJI MTRACG100 Rotatien Trunnien Weld aa~i
3 AJ 100 Ton ll TPC Tansfer- Lid Stess Analysis
3.A **de Case N 284 Stability Caleulatiens
3 HI TRAG Lumped Parmeter-s for Side Dop TAnalysis
3AM HI TMG 1 00 Transfer Cask Cirmferential Deformation and Stress
3AN DYA3D Atnalyses eF H RAG Side DAops and Impaet by ai Large eeade

Missile
3.AO Not used-.
3.AP Not used-.
3.Q HI STORM 1T0 LiCompenentThermal Expansions yCP24E
35~AJI AIalysis of Trnnualew Damaged Fuel CanisterT and Thoria CRed 1aniste
3.A*5 Adiplysis of Gener-ic P-IR and BWR Damaged Fuel Container-s

3.6.4 Calculation Packages

In addition to the calculations presented in Chapter 3 and the Appendices, supporting calculation
packages have been prepared to document other information pertinent to the analyses.

The calculation packages contain additional details on component weights, supporting calculations
for some results summarized in the chapter, and miscellaneous supporting data that supplements the
results summarized in Chapter 3 of the FSAR. All of the finite element tabular data, node and
element data, supporting figures, and numerical output for all fuel baskets are contained in the
calculation package supplement supporting Revision 1 of the FSAR.
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3.7 COMPLIANCE WITH NUREG-1536

Supporting information to provide reasonable assurance with respect to the adequacy of the HI-
STORM 100 System to store spent nuclear fuel in accordance with the stipulations of the
Technical Specifications (Chapter 12) is provided throughout this Topical Safety Analysis
Report. An itemized table (Table 3.0.1 at the beginning of this chapter) has been provided to
locate and collate the substantiating material to support the technical evaluation findings listed in
NUREG-1536 Chapter 3, Article VI.

The following statements are germane to an affirmative safety evaluation:

* The design and structural analysis of the HI-STORM 100 System is in full
compliance with the provisions of Chapter 3 ofNNUREG-1 536 except as listed in
the Table 1.0.3 (list of code compliance exceptions).

* The list of Regulatory Guides, Codes, and standards presented in Section 3.6
herein is in full compliance with the provisions of NUREG-1536.

* All HI-STORM 100 structures, systems, andcomponents (SSC) that are important
to safety (ITS) are identified in Table 2.2.6. Section 1.5 contains the design
drawings that describe the HI-STORM 100 SSCs in complete detail. Explanatory
narrations in Subsections 3.4.3 and; 3.4.4 , end Chaptcr 3 appendices provide
sufficient textual details to allow an independent evaluation of their structural
effectiveness.

* The requirements of IOCFR72.24 with regard to information pertinent to
structural evaluation is provided in Chapters 2, 3, and 11.

* Technical Specifications pertaining to the structures of the HI-STORM 100
System have been provided in Section 12.3 herein pursuant to the requirements of
IOCFR72.26.

* A series of analyses to demonstrate compliance with the requirements of
lOCFR72.122(b) and (c), and IOCFR72.24(c)(3) have been performed which
show that SSCs designated as ITS possess an adequate margin of safety with
respect to all load combinations applicable to normal, off-normal, accident, and
natural phenomenon events. In particular, the following information is provided:

i. Load combinations for the fuel basket, enclosure vessel, and the HI-
STORM 100/HI-TRAC overpacks for normal, off-normal, accident, and
natural phenomenon events are compiled in Tables 2.2.14,3.1.1, and 3.1.3
through 3.1.5, respectively.
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ii. Stress limits applicable to the materials are found in Subsection 3.3.

iii. Stresses at various locations in the fuel basket, the enclosure vessel, and
the iH-STORM 100/HI-TRAC overpacks have been computed by
analysis.

Descriptions of stress analyses are presented in Sections 3.4.3 and 3.4.4,
which arn futher- elaberated in a series of appndiees listed at the end of
this chapter.

iv. Factors of safety in the components of the M-STORM 100 System are
reported as below:

a. Fuel basket Tables 3.4.3 and 3.4.6

b. Enclosure vessel Tables 3.4.4, 3.4.6, 3.4.7, and 3.4.8

c. rn-STORM 100 overpack/
HI-TRAC Table 3.4.5

d. Miscellaneous
components Table 3.4.9

e. Lifting devices Subsection 3.4.3

* The structural design and fabrication details of the fuel baskets whose safety
function in the rn-STORM 100 System is to maintain nuclear criticality safety,
have been carried out to comply with the provisions of Subsection NG of the
ASvE Code (loc. cit.) Section M. The structural factors of safety, summarized in
Tables 3.4.3 and 3.4.6 for all credible load combinations under normal, off-
normal, accident, and natural phenomenon events demonstrate that the Code
limits are satisfied in all cases. As the stress analyses have been performed using
linear elastic methods and the computed stresses are well within the respective
ASME Code limits, it follows that the physical geometry of the fuel basket will
not be altered under any load combination to create a condition adverse to
criticality safety. This conclusion satisfies the requirement of IOCFR72.124(a),
with respect to structural margins of safety for SSCs important to nuclear
criticality safety.

* Structural margins of safety during handling, packaging, and transfer operations,
mandated by the provisions of 1OCFR Part 72.236(b), require that the lifting and
handling devices are engineered to comply with the stipulations of ANSI N14.6,
NUREG-0612, Regulatory Guide 3.61, and NUREG-1536, and that the

HI-STORM FSAR Proposed Rev. 2A
REPORT HI-2002444 3.7-2



components being handled meet the applicable ASME Code service condition
stress limits. The requirements of the governing codes for handling operations are
summarized in Subsection 3.4.3 herein. A summary table of factors of safety for
all ITS components under lifting and handling operations, presented in Subsection
3.4.3, shows that adequate structural margins exist in all cases.

Consistent with the requirements of IOCFR72.236(i), the confinement boundary
for the rn-STORM 100 System has been engineered to maintain confinement of
radioactive materials under normal, off-normal, and postulated accident
conditions. This assertion of confinement integrity is made on the strength of the
following information provided in this FSAR.

i. The MPC Enclosure Vessel which constitutes the confinement boundary is
designed and fabricated in accordance with Section III, Subsection NB
(Class 1 nuclear components) ofthe ASME Code to the maximum extent
practicable.

ii. The MPC lid of the MPC Enclosure Vessel is welded using a strength
groove weld and is subjected to volumetric examination or multiple liquid
penetrant examinations, hydrostatic testing, liquid penetrant (root and
final), and leakage testing to establish a maximum confidence in weld
joint integrity.

iii. The closure of the MC Enclosure Vessel consists of two independent
isolation barriers.

iv. The confinement boundary is constructed from stainless steel alloys with a
proven history of material integrity under environmental conditions.

v. The load combinations for normal, off-normal, accident, and natural
phenomena events have been compiled (Table 2.2.14) and applied on the
MPC Enclosure Vessel (confinement boundary). The results, summarized
in Tables 3.4.4 through 3.4.9, show that the factor of safety (with respect
to the appropriate ASME Code limits) is greater than one in all cases.
Design Basis natural phenomena events such as tomado-bome missiles
(large, intermediate, or small) have also been analyzed to evaluate their
potential for breaching the confinement boundary. Analyses presented in
Subsection 3.4.8 and Chapter 3 appendices, and summarized in
unnumbered tables in Subsection 3.4.8, show that the integrity of the
confinement boundary is preserved under all design basis projectile impact
scenarios.
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* The information on structural design included in this FSAR complies with the
requirements of 1OCFR72.120 and 1OCFR72.122, and can be ascertained from the
information contained in Table 3.7.1.

* The provisions of features in the HIT-STORM 100 structural design, listed in Table
3.7.2, demonstrate compliance with the specific requirements of 1 OCFR72.236(e),
(f), (g), (h), (i), (j), (k), and (m).
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( (
Table 3.7.1

NIUREG -1536 COMPLIANCE MATRIX FOR 10CFR72.120 AND 1OCFR72.122 REQUIREMENTS

(.

Location of Supporting
Infonnation in This

Item Compliance Document

Design and fabrication to All ITS components designed and fabricated to recognized Codes and
acceptable quality standards Standards:

. BBasket: Subsection NG, Section m Subsections 2.0.1 and 3.1.1
Tables 2.2.6 and 2.2.7

. Enclosure Vessel: Subsection NB, loc. cit. Subsections 2.0.1 and 3.1.1
Tables 2.2.6 and 2.2.7

. HI-STORM 100 Subsection NF, loc. cit. Subsections 2.0.2 and 3.1.1
Structure:

. HI-TRAC Structure: Subsection NF, loc. cit. Subsections 2.0.3 and 3.1.1

Erection to acceptable quality . Concrete in HI-STORM 100 meets requirements of: Appendix l.D
standards Subsection 3.3.2

ACI -349(85)

iii. Testing to acceptable quality . All non-destructive examination of ASME Code components Section 9.1
standards for provisions in the Code (see exceptions in Table 2.2.15).

. Hydrotest of pressure vessel per the Code. Section 9.1

. Testing for radiation containment per provisions of NUREG- Sections 7.1 and 9.1
1536

. Concrete testing in accordance with ACI-349(85) Appendix 1.D
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Table 3.7.1

NUREG -1536 COMPLIANCE MATRIX FOR 1OCFR72.120 AND IOCFR72.122 REQUIREMENTS

Location of Supporting
Information in This

Item Compliance Document

iv. Adequate structural protection Analyses presented in Chapter 3 demonstrate that the confinement Section 2.2
against environmental boundary will preserve its integrity under all postulated off-normal
conditions and natural and natural phenomena events listed in Chapters 2. Chapter 11
phenomena.

v. Adequate protection against . The extent of combustible (exothermic) material in the Subsections 12.3.20 and
fires and explosions vicinity of the cask system is procedurally controlled (the sole 12.3.21

source of hydrocarbon energy is diesel in the tow vehicle).

Analyses show that the heat energy released from the
postulated fire accident condition surrounding the cask will Subsection 11.2.4
not result in impairment of the confinement boundary and
will not lead to structural failure of the overpack. The effect
on shielding will be localized to the external surfaces directly
exposed to the fire which will result in a loss of the water in
the water jacket for the HI-TRAC, and no significant change
in the HI-STORM 100 overpack.

Explosion effects are shown to be bounded by the Code Subsection 11.2.11 and
external pressure design basis and there is no adverse effect Subsection 3.1.2.1.1.4; 3.4.7
on ready retrievability of the MPC.

vi. Appropriate inspection, Inspection, maintenance, and testing requirements set forth in this Sections 9.1 and 9.2
maintenance, and testing FSAR are in full compliance with the governing regulations and Chapter 12

established industry practice.

vii. Adequate accessibility in The HI-STORM 100 overpack lid can be removed to gain access to Chapter 8
emergencies. the multi-purpose canister.

The HI-TRAC transfer cask has removable bottom and top lids. Chapter 8
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Table 3.7.1

NUREG -1536 COMPLIANCE MATRIX FOR 1OCFR72.120 AND 10CFR72.122 REQUIREMENTS

(.

Location of Supporting
Information in This

Item Compliance Document

viii. A confinement barrier that The peak temperature of the fuel cladding at design basis heat duty of Subsection 4.4.2
acceptably protects the spent each MPC has been demonstrated to be maintained below the limits
fuel cladding during storage. recommended in the reports of national laboratories.

The confinement barriers consist of highly ductile stainless steel Subsection 3.1.1
alloys. The multi-purpose canister is housed in the overpack, built Subsection 3.1.2.3
from a steel structure whose materials are selected and examined to
maintain protection against brittle fracture under off-normal ambient
(cold) temperatures (minimum of 400F).

ix. The structures are compatible The HI-STORM 100 overpack is a thick, upright cylindrical structure Section 1.5,
with the appropriate with large ventilation openings near the top and bottom. These Subsection 2.3.3.2
monitoring systems. openings are designed to prevent radiation streaming while enabling

complete access to temperature monitoring probes.
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Table 3.7.1

NUREG -1536 COMPLIANCE MATRIX FOR 1OCFR72.120 AND 1OCFR72.122 REQUIREMENTS

Location of Supporting
Information in This

Item Compliance Document

x. Structural designs that are The fuel basket is designed to be an extremely stiff honeycomb Subsection 3. 1.1
compatible with ready structure such that the storage cavity dimensions will remain
retrievability of fuel. unchanged under all postulated normal and accident events.

Therefore, the retrievablity of the spent nuclear fuel from the basket
will not be jeopardized.

The MPC canister lid is attached to the shell with a groove weld
which is made using an automated welding device. A similar device is Sections 8.1 and 8.3
available to remove the weld. Thus, access to the fuel basket can be
realized.

The storage overpack and the transfer casks are designed to withstand Section 3.4 and Ghapte i3
accident loads without suffering permanent deformations of their A be
structures that would prevent retrievability of the MPC by normal
means. It is demonstrated by analysis that there is no physical
interference between the MPC and the enveloping HI-STORM
storage overpack or HI-TRAC transfer cask.
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(
Table 3.7.2

COMPLIANCE OF rn-STORM 100 SYSTEM WITH IOCFR72.236(e), ET ALS.

(

Location of Supporting
Information in This

Item Compliance Document

i. Redundant sealing of Two physically independent lids, each separately welded to the MPC Section 1.5, Drawings
confinement systems. shell (Enclosure Vessel shell) provide a redundant confinement

system.
Section 7.1.

ii. Adequate heat removal Thermal analyses presented in Chapter 4 show that the HI-STORM Sections 4.4 and Sections 9.1
without active cooling systems. 100 System will remove the decay heat generated from the stored and 9.2

spent fuel by strictly passive means and maintain the system
temperature within prescnled limits.

iii. Storage of spent fuel for a The service life of the MPC, storage overpack, and HI-TRAC are Subsections 3.4.11 and 3.4.12
minimum of 20 years. engineered to be in excess of 20 years., ,_,_,__ _

iv. Compatibility with wet or dry . The system is designed to eliminate any material interactions Subsection 3.4.1
spent fuel loading and in the wet (spent fuel pool) environment.
unloading facilities.

The HI-TRAC transfer cask is engineered for full Subsection 8.1.1
compatibility with the MPCs, and standard loading and
unloading facilities.

Subsection 8.1.1
* The HI-TRAC System is engineered for MPC transfer on the

ISFSI pad with full consideration of ALARA and handling
equipment compatibility. v
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Table 3.7.2

COMPLLANCE OF HI-STORM 100 SYSTEM WITH 1OCFR72.236(e), ET ALS.

Location of Supporting
Information in This

Item Compliance Document

v. Ease of decontamination. . The external surface of the multi-purpose canister is protected Figures 8.1.13 and 8.1.14
from contamination during fuel loading through a custom
designed sealing device.

. The H1-STORM storage overpack is not exposed to Chapter 8
contamination

. All exposed surfaces of the HI-TRAC transfer cask are coated Section 1.5, Drawings
to aid in decontamination

vi. Inspection of defects that . The MPC enclosure vessel is designed and fabricated in Section 9.1
might reduce confinement accordance with ASME Code, Section III, Subsection NB, to
effectiveness. the maximum extent practical.

. Hydrostatic testing, helium leakage testing, and NDE of the
closure welds verify containment effectiveness.

vii. Conspicuous and durable The stainless steel lid of each MPC will have model number and serial N/A
marking. number engraved for ready identification.

The exterior envelope of the cask (the storage overpack) is marked in
a conspicuous manner as required by l0CFR 72.236(k).

viii. Compatibility with removal of The MPC is designed to be in full compliance with the DOE's draft Section 2.4
the stored fuel from the site, specification for transportability and disposal published under the now Subsection 1.2.1.1
transportation, and ultimate dormant "MPC" program.
disposal by the U.S.
Department of Energy.
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