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Holtec RespenSe to Request For Additional Information
Holtec International HI-STORM 100 Amendment Request, TAC 123564
License Amendment Request 1014-2, Revision 1, Docket 72-1014

General
Question G-1
Revise the Final Safety Ahalysné Report (FSAR) to remove references to the Cerlificate of
Compliance (CoC) for discussions and analyses descnbmg design features of the package and
parameters of pnoposed oontents A

The CoC is an NRC document. The CoC is based on information contamed in the FSAR and
therefore should not be used as the sole source for information on whlch the staff must make a
finding.

This information is necessary in accordance with “"ID CFR 72.11 and 72.236.

Response G-1

References to the CoC from the FSAR are an artn‘acl of the original Incensing 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 RAl, 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 oomplete ,
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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)

(b)

(c)

Clarify the difference between “equivalent level of safety” and "consistent with applicable
requirements.”

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

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

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 o add new fuel
assembly types, new burnup 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

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).

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 7248.

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 thrs process for only minor contents

- changes that meet all of the followrng cnteria :

i. The proposed change does not’ slgmf cantly decrease any safety margms as
described in the FSAR.

- -ii. The proposed change involves g_rjy a subSet of the physrcal fuel assembly
parameters listed in CoC Appendix B, Section 2 Tables 2.1-1, 2 1-2 and/or 2.1-3.
‘Thrs consists of the followmg parameters ,

Fuel assembly length -

Fuel assembly width -

Fuel assembly weight -~

Fuel Rod Clad Outside Dlameter (OD) -
-Fuel Rod Clad Inside Drameter (ID)
Fuel Pellet Diameter -

Fuel Rod Pitch

PWR Gurdellnstrument 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 clrents' fuel loadmg schedules)

The proposed change to TS 2.3 has been revrsed to acoord with the above information.

Questlon 2-2

Provide information on the safety class of a damaged fuel contalner (DFC) desrgn cntena
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 genera! 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. -

Thrs rnformatron is necessary to comply wrth the requrrements of 10 CFR Part 72, specn" cally
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 1 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 1 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 ill, 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, burnup, 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 resuits in the most conservative result. The bounding fuel assembly designs for
each thermal calculatxon performed are as fo!lows

Table 2-3 1

Thermal Analysis Bounding Fue! AsSembly Design
~ Calculation . Bpun:lsnsge g\g}r’{ Fuej Bounzisnsge :Igl; Fuel
g(ra:d‘::tsnigb'y Effective Planar Thermal  GE-119 x9 | W 17x17 OFA
Et;ild ugha:'st Effective - Axial Thermal | o GE 7 o w1 4¥1 4 OFA
MPC Density and Heat Capaclty . GETX?T _ W 14x14 OFA
l;lt:;l’ Basket Resnstance to Thermosiphon | GE-12/14 10x1 0 B&W 15x15

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. v

With respect to decay heat, it is not necessary to link the maximum allowable decay heat to
burnup, 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 burnup, 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 dewy heat at a rate greater than the CoC limit
(defined by therma! consxderat:ons) .

FSAR Sec’uon 21 6 and Table 215 have been modifi ed to clanfy the defnmon of the des:gn-
basis fuel assembly used for thermal analysxs work

Question 2-4

Clarify how, for example, the followang set of clrcumstanoes 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 stee! structure that the fabrication is performed under the provisions of the American
Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code Section lli, 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 I1X shall be used.” If Section IX
qualification requnrements are lowered in some future edition of the ASME Code, the Section Ili
Subcommittee may raise the requirements in 'NF-4320 in order to maintain a consistent margln
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 o, “...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 RAl 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 resuits in reduced weld quality. Section I, 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 1X; 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
I, Class 1 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.



U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk

" Document ID 5014490 o
Attachment 1

Page 7 of 75

To address the Staff’s concern stated in the RAl, we have revised the FSAR and CoC to require
Holtec Intemational 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 |lﬂ: 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 parenthetlcal
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. Itis
suggested that after the word attachments' the phrase ‘relative to the function of a loaded
MPC that are” be tnserted ‘ : _ .

This information is necessary to comply ! wrth the requxrements 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 7
The text of Table 2.2.15 has be re-worded as suggested in the question.

Questlon 2-6

State the weight peroentage of boron oerbrde In the METAMIC" that would be used in the Ht-
STORM cask. : L , - :

With respect to use of Metamlc the NRC staffs prior approval of Metamrc was intended to
limit the boron carbide content to 15%. The previous approval was stated as a real density,
which can be used to determlne the percentage of boron carbide. Approval of a higher boron
carbide content in Metamic® would require a complete testing program to demonstrate the
durability and efficacy of the material. The percentage of boron carblde wrll be specific ed in the
Certificate of Compliance (CoC). ‘

This information is necessary o oomply.with the’ requirements of ?2.236(a).1 ’
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Response 2-86

It is true that NRC's approval of METAMIC® has thus far been limited to 15 wt.% B,C. It is also
true that EPRI's benchmark testing program [2-6.1) on METAMIC® was focused on 15 and 31
wt.% B,C METAMIC®. While limited test data on 40 wt.% B.C METAMIC?® is available, large-
scale manufacturing of METAMIC® at 40wfo 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 B,C 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.% B,C METAMIC® for use in a
PWR fuel pool for reactivity control {2-6.3].

As shown in the table below, the required weight percent of METAMIC® in Holtec MPCs will
exceed the 31% nominal value if a 25% efficacy penalty (i.e., 75% '°B credit) is applied to the
poison material in the criticality analyses. However, because METAMIC® is an isotropic material
with a very fine B,C powder particle size (average particle size is typically between 10 and 15
microns, compared to over 100 microns for B,C in Boral), a smaller efficacy penalty (90% '°B
credit) is more appropriate for METAMIC® in the criticality analyses. Further discussion on the
appropriateness of 90% '°B 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% "B credit, the required B,C 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 B,C
content of 31 wt.% for METAMIC®, a maximum of 32.5 wt% B.C 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 B,C content in the material is driven by the CoC requirement on minimum '°B areal
density and the thickness of the panel.

METAMIC? Data for Holtec MPCs

MPC Type Min. B-10 areal Required Weight Percent of B,C and
density required Reference METAMIC® Panel Thickness
by criticality
analysis 100% 90% 75% Ref. Thickness

(alcm?) Credit Credit Credit (inch)

MPC-24 0.020 276 31 37.2 0.075

MPC-68, - 0.0279 276 31 374 0.104
68FF, -32, -
32F, -24E,
and -24EF
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References

- [2-6.1] *Qualifi catlon for METAMIC° for Spent Fuel Storage Apphcatxons EPRI Report 10031 37,
October 2001. _

[2-6.2] 'METAM!C° 6061+40% Boron Carbide Metal Matnx Composrte Test”, California
Consohdated Tech. Inc. Report dated August 21,2001 to NAC lntematlonal

' [2-6.3] *Safety Evaluation by the Office of Nuclear Reactor Regulation Related to Holtec Report
HI-2022871 Regarding Use of METAMIC® in Fuel Pool Applications,” Facility Operating
- License Nos. DPR51 and NPF-6, Entergy Operahons, Inc., Docket Nos. 50—313 and 50-
- 368, USNRC, June 2003 _

?Questlon 2-7

State whether or not damaged fuel assemblies will also melude 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 contro! or poison rod components containing B,C 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 B,C is an extremely stable and inert chemical
compound. The known chemical characteristics of B,C indicate that it is a non-metaliic,
electrically néutral 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
burmable 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
antncnpated 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 intemal 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 Evgluation
Question 4-1

Provide the design basis decay heat generatron for both Pressunzed Water Reactor (PWR) and
Boiling Water Reactor (BWR) fuel assembhes for long term normal storage in the FSAR

This informatuon is not provided in Table 2 1 .6 as the FSAR states but is merely a reference to
mformatlon crted 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 generaﬁon'for gll 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 provrded in section 2.1.9.1 in
Table 2.1.26. Table 2.1.6 has been deleted.

Questlon 4-2 ‘ ‘

varde the correct reference for the MPC Hehum backt‘ | pressure llmrts

Page 4.1-2 of the FSAR states that the MPC is backf lled -with hellum up to the des:gn-basrs
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 CoC. Table
3-2 of Appendix A to the CoC contains backfill pressure limits.

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

Response 4-2 | |

We regret the error in referencing. Hehum:ba{:kfll pressure tspecrf catrone are provided in table
4.4.38 in the FSAR Chapter 4. The table is reproduoed below for ready reference.

~ Table 4-2 1
MPC HELIUM BACKFILL PRESSURE SPECIFICATIONS
Item Specification
Minimum Pressure ~ | 45.2 psig @ 70°F Reference Temperature

Maximum Preesure : .| 48.8psig @ 70°F 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 Hoitec 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 Thermai 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 700°F.

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

L
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highest reported temperature for material properties in Table 4.2.2 (700°F) is fairly close fo 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 4-51 .
Maximum Calculated Temperatures for Normal Condmons

Material Max. Temperature [°F] | Max. Temperature [°F] | Max. Temperature [°F]
’ ~ (HI-STORM PWR | (HI-STORM BWR MPCs) (HI-TRAC MPCs)

, MPCs) .,
Cladding 688 T 731 § 745
Basket 633 | 706 728

For those oondmons where the temperatures are modestly above 700°F, property
extrapolations from tabulated data are permitied because the properties changes are gradual
and are reasonably expected to follow the trends thhout abrupt changes

In accident evaluatlons. temperature excursnons much above 700°F are reporled within the fuel
basket (up to 953°F, FSAR Table 11.2.9) for an all-ducts blocked scenario. For this evaluation
fuel basket heat transfer characteristics obtained usmg properties up to 7000F 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 hlgher-than-seoond-order contributions to
heat transfer in the fuel basket. o .

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). A

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 4.4.3 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 materiai‘ fhermal conductivities.
The average of the upper and lower temperature bounds presented in the FSAR (200°F and
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700°F, respectively) is close to the mid-range temperature (450°F) value. For a perfectly linear
behavior, the thermal conductivity at 450°F would exactly equal the average of the thermal
conductivities at 200°F and 700°F. We compared the conductivity values at 450°F with the
average of the values at 200°F and 700°F for representative materials listed in Table 4.2.2. The
following table presents such a comparison.

Table 4-6.1
Thermmal Conductivities of Varies Materials in the HI-STORM System
Material Thermal Average of Percentage
Conductivity at Conductivities at Uncertainty from
450°F (Btu/hr-ft-°F) | 200°F and 700°F Perfect Linearity
(Btu/hr-ft-°F)

Helium 0.1289 0.1276 1.02%

Air 0.0225 0.0223 0.90%

Alloy X 9.8 9.7 1.03%

Carbon Steel 23.9 234 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 RAl 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 575°F, which straddles two temperature points (450°F and 700°F) used in the
interpolation. The following table presents the results of this study.
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Lo " Table 4-6.2 -
Planar Conductivity of MPC-32 Fuel Basket
Effective Planar Thermal | Percentage Uncertainty
Conductivity at 575°F | from Explicitly Calculated
B [Btu/{hr-ft-°F)] ‘Value

Explicitly Calculated ~1.364 N/A
Obtained from Second ' - 0.07%
Order Polynomial fit to - 1.363 o
SAR Data Points i -
Obtained from = Linear S o 1.04%
Interpolation between SAR 4.350 C
Data Points ' R

The explicitly calculated value is also compared to one obtained by linear lnterpo!atlon between
the 450°F and 700°F data points. This is included to show the near-linear temperature
dependence of the fuel basket effective planar thermal oonduc'avrty, 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 identica! 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

Clanfy which fuel assemblies are -the’ boundlng oonﬁguratxons 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. o

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

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 & result there is no single fuel assembly type that
would have all of the bounding characteristics of the DBF. Rather certain fue! 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 Fue! Assembly Types

Bounding BWR Fuel | Bounding PWR Fuel
Characteristic Assembly Assembly
Planar Thermal Conductivity GE-11 9x9 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-12/14 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 Isotroplc
Effective Thermal Conductlwty 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 HIl-
STORM system, permits the input of orthotropic thermal conductivities for the MPC basket.
Therefore, the recourse to the SRMSS approach is no longer necessary.

L
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Question 4-9

Provide the definition for every tenn in Chapter 4's mathemahul expressions. Please note
several typographml errors. o

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

Resgonse 4-9
Definitions for all term in the equations and mathematxcal expressions used in Chapter 4 are

provided in the FSAR. The typographical errors have been corrected. -
Questlon 4-10- .
Correct the symbol used to define fuel age for inner reglon of regionalized thermal loading. -

The FSAR states incorrectly that fuel age for inner region is represented by T [Tau]. T1 is the
appropriate nomenclature.

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

Respdnse 4-10

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 Q,, the outer region heat Iogd equals N4qs.

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

Response 4-11

The text in the FSAR has been correctéd fo stéte that the outer .region héat load equals N2qa.

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 oalculatlohs use a fuet storage cell inner dimension of 8.75
inches. The following table compares the assumed and -actual PWR fuel basket storage cell

inner dimensions.
| Table 4141
Comparison of PWR Fuel Basket Storage Cell Dimensions

MPC Designation | Assumed Fuel Cell- | Actual Fue! Cell Cell Free Area

S . Inner Dimension inner Dimension ‘Conservatism*
MPC-24 8.75" 8.92" 3.9%
MPC-24E 8.75" - 20at875 1.2%

4 at 8.05"

MPC—32 8 75 8.79" 0.9%

In addrtlon for the MPC-24 and MPC-24E only, the flow area that exrsts in the mter-oell flux

‘traps is completely neglected Thls oonservatlvely neglects on the order of 20% of the total fuel

basket flow area.

The MPC-68 flow resistanee calculations assume that aII 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 calcu!ahons The followmg
table compares the assumed and actual mouse hole ﬂow areas. . .

- Table 4—14 2 _
Companson of Mouse hole Flow Areas
MPC Designation Assumed Flow Area | - Actual Flow Area Flow Area
5 - - | Conservatism
BWR ~_245in° 4.95in" 1 102%
PWR , 628m - 778|n Sl 24%

Conservative Assumptlon 3 - Fuel Assembly Gnd Strap Material Thickness

* Percent conservatism is equal to [100x {(Actuzal Fuel Cell Dn:xensu:m)2 (Assumed Fuel Cell
Dimension)®}/(Actual Fuel Cell Dimension)?}.
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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
0.05" 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 vaiue 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-11 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 “X", the computed
peak cladding temperature is below 400°C (X=1 represents the uniform or single region
storage).

’s___

‘(\_.__ -
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Question 4-16

Provide additional justification in the FSAR why after Forced I-telium 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 exlsts for Ioadlng operat:ons compared to normat storage

This informatlon is needed to assure oompllanoe w1th 10 CFR 72. 236(f)

Response 4-16

The HI-TRAC is provided with & 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.

Questlon 4-17

Provide the calculated maximum claddlng hoop stress or suitab!e reference from the FSAR. for
Conditions 5 and 6 of Table 4.5.11.

Table 4.5.11 of the FSAR states that hoop stress oompl:ance is required for Conditions 5 and 6.
This information is needed to assure oomphanoe with 10 CFR72. 236(f) |

Respo‘nse 417

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 optionally make a site-
specific estimate of the hoop stress_using fuel specific data to permit a less restrictive clad
temperature limit (570°C) 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 clad stress criterion. - B v 7

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 comphanoe is required for Condltlons 7 and
10.

This information is needed to assure oompliance 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
capabitities. 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 (400°C) 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-11 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 resulte of HI-TRAC temperatures for these conditions
are provided in Table 4.5.2 of the FSAR. _

Question 4-21

Provnde a bounding analys:s for MPC oool down and reﬂoodmg for refuehng operatzons

The FSAR states that bemuse the optxmal method for MPC oool down is heavxly 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 analysns provided by the COC holder without re-analyzmg any event that is already
covered in the cask CoC. _

This information is needed to assurer oomplianee wrth 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 prowded in Subsectlon 4. 5 7 of the FSAR.

Question 4-22

Provide the thermal analysis for the HI-TRAC located in & dry cylindrical pit with 2 maximum
decay heat capacity of 40 kW. Provide also additional measures needed to ensure fuel
cladding temperature remains below the allowable Intenm 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 Iif this scenario usmg ‘a decay heat ioad of 40kW would be
bounded by design basis thermal oondmons '

This information is needed to assure oompllance wuth 10 CFR 72. 236(f)

Response 4-22

The optlon to locate a HI-TRAC ina dry cyhndncal pit with has been removed from the FSAR
The text in FSAR Subsectlon 4 5.7 has been modlf ed to reﬂect th|s change.

Question 4-23

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

The FSAR states that comresponding 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 4-2) 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-11.

It is not clear if the thermal analysis presented in the FSAR shows complete compliance with
ISG-11 (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 400°C on the peak cladding temperature under MPC loading and
normal storage conditions, the 1SG-11 Rev. 2 also specifies that the amplitude of temperature
cycling of the fuel cladding be less than 65°C. The 65°C thermal transient amplitude limit is
applicable only to high burnup 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 150°F) to about
500°F (260°C). 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 resuits 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 >
65°C) on the fuel cladding.
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Question 4-25

Clarify how the 1SG-11 temperature fimit reqmrement of 400°C is demonstrated for all fuel
loading and short term operatlons

The FSAR states that “ISG-11 requnrements to ensure that maximum claddmg 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 operatlons where a max|mum
cladding temperature limit of 570°C and hoop stress compliance is required :

This information is needed to assure comphance wrth 10 CFR 72. 236(f)

Response 4-25

As stated in Section 4.1 of the FSAR, for moderate burnup 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 perrmsmble cladding temperature for MBF be
govermned by the follomnng two criteria: - :

a. The maximum estimated oladdlng hoop stress (c,m) dunng fuel ioadmg does not

exceed 90 MPa
b. The maxlmum oomputed claddlng temperature dunng fuel Ioadmg does not
exceed 570°C. : e

For MBF that does not muster oompllance with the aforementioned Omax oriterion (a), the more
restrictive 1ISG-11, Rev. 2 temperature limit (400°C) will apply

Because the cladding stress isa functlon of the cladding thickness (and henoe a functlon 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 oovered by the 400°C
and 570°C temperature limits. . . ,

For all other normal storage and short-term operatlons proposed Rewsmn ZB of the FSAR
limits the peak cladding temperature to 400°C 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 Cailculation
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 68°F 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

Questlon 5-1

Justify the reason for ehmmatmg As Low As Reasonably Achievable (ALARA) des:gn objective
dose rates for the HI-STORM. Clanfy how the proposed des:gn satlsﬁes the requurements of 10
, CFR 72 104(b) :

The amendment results in’ sngmficant mcreases in dose rates for both the transfer cask and
storage overpack, but does not specify- what upper-bound dose rates are consndered to be
ALARA and that can be practicably used by generat lloensees o

‘This information regarding the source tenn and shteldmg anaIyS|s is needed to determine
- compliance with 10 CFR 72.236(d).

Resgonse 5- 1

The design objectlve dose rate values were removed in the LAR beczuse 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 Ioadlng campalgns in awordance with ALARA and
their radlatlon protechon program. : - ,

However, it is recognized that the cask manufacturer also has a responsiblllty fo desngn 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

Just:fy the burnup and cooling tnme analogy that explams 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 resutt in the same heat load in both the MPC-24 and MPC-32. For example, both
configurations employ the same equation for allowable burnup 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 sourcek term and shielding“analy’sis 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 burnup-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 MDW/MTU 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 54

The dose rate analysis was performed with a bounding burnup and cooling time combination of
75,000 MWD/MTU 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 MWD/MTU 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 accldent dose estimate assummg a constant exposure at the sute-boundary thatis
consistent with the recovery time for the transfer cask accident.

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

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

Resgonse 5-5

The accident dose rate analysis descnbed 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 followmg information regardlng source term estrmates

(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 burnup fuels requested in the amendment.

(b)  Justify why high burnup source term uncertalntles 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 analy5|s may be a method to illustrate the
effect of uncertainties on radlologlcal and thermal safety margins. -

This information regardlng the source term and shielding analysis is needed to detenmne
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 burnup, 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 burnup range up to 47
GWD/MTU. The data presented in those references do not indicate any significant trend
with burnup. 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 burnup for PWR has been reduced from 75,000 MWD/MTU 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 burnups 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 burmups used in the analysis are
considerably higher than the burmups 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 burnup
as a function of cooling time. The equations in the CoC were established by curve-fitling the
burnup versus decay heat data calculated with ORIGEN-S. The thermmal analysis, as
discussed in Chapter 4 of the FSAR, has greater than 5% margin in the calculated allowable
decay heat per assembly in 8 PWR basket. Therefore, no uncxartamty is applied to the decay
heat calculations for the PWR fuel. For BWR fue!, 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 Deaay Heat Guide Usmg SASZHIORIGEN-S Data,”
NUREG/CR-5625 ORNL-6698, September 1994.

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

5-6.3 “An Extension of the Validation of SCALE (SAS2H) Isotoplc Predlctlons for PWR Spent
Fuel,” ORNLITM 13317, September 1996

5-6.4 'Isotoptc Analysis of High-Burmup 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
insignifi cant for cooling times !ess than & years

This information regarding the source term and shielding analyms 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 2**Cm accounts for 96% of the total neutron
source for the new high burnup 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%

xcopt Cm-244 and OF-282 17% 16% 24%
75,000 MWD/MTU

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% 239 3.09,

except Cm-244 and Cf-252

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

“%Cm accounts for approximately 92-9 7% of the total number of neutrons produced.
Alpha,n reactions in isotopes other than >**Cm account for approxmately 0.3-2% of the
neutrons produced, while spontaneous fission in isotopes other than 2**Cm account for
approximately 2-8% of the neutrons produced.”
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There are no additional uncertainties associated wrth 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 nuclides as discussed above.

Question 5-9 '

Provide the fo!lowmg information regardrng mrmmum ennchments used in the source term
analysis:

(a)

(b)

(©)

(d)

Discuss and clarify the information used to determine the minimum enrichments and
other power operating aspects for average bumups above 60 GWDIMT u.

Source term input parameters used for average burnups below 60 GWD/MTU are based
on examination of industry data for actual spent fuel. It is not clear how much industry
data Is available regarding the: mlmmum ennchments that will be used to generate high
burnup fuel in the future. ,

~ Clarify if the statement regardrng dose rate impacts from out!ymg assembhes also
apply to decay heat impacts.

Clanfy if the bumup values and equatron coeffi crents in proposed Sectrons 24.1 and
24.2 of proposed Appendix B are vahd for fuet with minimum ennchments below those
specified in Table 5.2.24. o ,

Clanfy how the user should consider mrnrrnom ennohmentsfor outlying fuel assemblies,
in conjunction with the new proposed TS 5.7 [see also RAI 10-3]

This rnfon'natlon regarding the source term and shielding analysrs is needed to detemune
compllanoe with 10 CFR 72. 236 (d) and (f) AR

Response 5-9
(a) As the questron notes, there is Iimrted data in the hrgh bumup range above 60 GWD/MTU.

The minimum enrichments chosen in FSAR Table 5.2.24 were based-on a review of
historical burnup data and some plant specific burnup data, as well as projected burnups.
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 more accurate in the CoC,

enrichment has been factored into the equation that represents burnup 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 enrichment!. As a
result, enrichment-specific allowable burnup and cooling trmes will be established by the
user. The shielding analysis in FSAR Chapter 5 continues to use the ennchments presented
in FSAR Table 5.2.24, which are still considered to be bounding values, for the various
burnup 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.

This approach applies to ZR-clad fuel only. SS-clad fuel assemblies continue to have specific limits
on burnup, 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
MWD/MTU for BWR and 68,200 MWD/MTU for PWR ~ see Response 5-6). The burnups of
fuel assemblies will rise to a practical limit in the neighborhood of 60,000 MWD/MTU 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 feit 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 RAl 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 burnup versus cooling time tables for uniform storage and an equation relating
burnup 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 bumnup 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.% 2*U. Even though the lower limit of 0.7 wt.% %*U was used, these equations are valid
for the few assemblies that might exist with enrichments below 0.7 wt.% Z°U. This is
because the curve fit is very well behaved in the enrichment range from 0.7 to 5.0 wt.% 2°U
and, therefore, it is expected that the curve fit will remain accurate for enrichments below 0.7
wt.% Z°U. In addition, assemblies with enrichments below 0.7 wt.% 25U 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, burnup and cooling time combination be
used that produce bounding dose resuits. In this regard, the enrichment used in TS 5.7
analysis and the 10CFR72.212 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 ana!ysns is needed to determine
compliance with 10 CFR 72.236 (d) and (f) _ , ,

Response 5-10 -

The decay heats caleulated for the bounding non-fuel hardware in Sechon 5.2.4 are as foliows.

Thimble plugs - 0.77 watts

BPRAs - 14,4 watls = . '

CRAs - 8.25 watts for configuration 2 (fully removed) and 80. 8 watts for eonﬁguratlon 1 {(10%
inserted)

APSRs — 4.72 watts for configuration 2 ( fully removed), 46.2 watts for conﬁguratlon 1 (10%
inserted), and 178.9 watts for configuration 3 (fully mserted)

This information has been added to Section 5.2.4 of the FSAR.

Question 5-11

Specify how the heat source terms from thev non-fuel hard\)vare,in @cﬁon 5.2.4 is applied in
determining the bumnups specified in Tables 2.4-1 through 2.4-3 for uniformed loading, and the
ooefﬁcients in Tables 2.4-7 and 2.4-8 for regionali;ed loading in propesed Appendix B.

This information regarding the source term and shleldlng analyms is needed to determme
compliance thh 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
burnups in Revision 1 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 burnups 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 burnup, 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)

(b)

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.

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)

(b)

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 burmmups. 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.

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 speclf ic power assumptions for the PWR and BWR fuel
assembhes in oonjunctlon with the new proposed TS5.7 .

It is not clear if potentlal fuel assemblies that exoeed the specrﬁo powers wonld ‘be ‘|nVahd for
“storage in accordance with the FSAR, and Section 2 4.1 and 2.4.2 of proposed Appendlx B.
[see also RAI 10-3] o ;

This tnfonnatron regardlng the source ‘term’ and shreldmg analysns is needed to determine
oomphanoe with 10 CFR 72236 (d) and (f). ,

: Response 5-13

The revised TS 5.7 (see Response 10-3) states that the user must m!culate srte—spec:ﬁc 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 resulis. A user may choose 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 concem about the choice of specrf c power in the site
 specific analysrs is alleviated.

With regard to Sectrons 2.4.1 and 24 2 of proposed Appendlx B to the. CoC the useris requrred
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 burnup 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 burnup 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 Appendrx B for both
uniform and regionalized loadings. , . o

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 specrf C fuel class

This information regarding the source term and shleldmg anaIyS|s is needed to determme
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 o
determine the allowable burnups 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 52.25 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 5-17]

(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 burmup 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 rnethodology, or only changes in uramum Ioadmg for a single design
basis assembly

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

Response 5-16

(a) Holtec Report HI-2022847 is being provrded under separate cover. This calculatlon package
shows the derivation of the coefficients for the revised equation in the CoC which is
proposed for use in determining allowable fue! assembly bumup as a function of decay heat
and enrichment (see Response 5-8). The burnup 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 computlng the a!lowable bumups for regionalized
storage. ‘

(b) FSAR Section 5.2. 5 3 has been revised to describe the equation in the CoC that represents
‘burnup as a function of decay heat and enrichment. A

(c) In the previous revrsion of this LAR, the burnup values in the_un_lform Ioadmg tables were
calculated using the finear equations relating burmup 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 burnup, decay heat, and enrichment is used for determumng the maxnmum
" allowable burnups for both uniform and reg|onal|zed 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 burnup limits and equation coefficients for those
arraylclasses As a result, lattice geometry eﬁects were properly aocounted for.

The equation coefficients were not calculated for each and every arraylclass Rather some
array/classes were combined. For example, a single set of coefficients represent the 8x8C,
8x8D, and 8x8E arraylclasses The array/classes that were combined had similar physmal
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 exeeptron is the 17x17B
~ and 17x17C amay/classes which were analyzed separately.” in this case, the resulting
burnups for the 17x17B and 17x17C" arraylclasses were so close in value that it was

decided to use the coefficients that resulted i in boundmg values (| e. Iower bumups) for both

arraylclasses and combrne them.

Questlon 5-17

Provide the following mformatron regardmg Table 2 4 1 of proposed Appendrx B: [see item 5—1 6]
(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 burnups 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 burmup 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 burnups 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 burnup limits. This array/class is 17x17C,
which has the higher uranium mass loadings.

(b) The uranium mass loading used to calculate the burnups 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 caiculated 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 regardlng the bumup equatrons referenced in Sectron 5253

of the FSAR and Section 2.4.1 of proposed Appendix B.

(a) Provide the calculation package that provrdes the derlvatlon of the  bumup equation and
assoclated values used in proposed Appendlx B of the CoC.

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

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

(d) Justrfy the increment value of 2,500 MWDIMT U in deriving the equatron

(e) Clanfy how the method accounts for non-lmear productlon of some radlonuclldes dunng
© bumup. ,

) Specify the uncertainties - associated with this  methodology, in contrast to a direct
verification of thermal decay heats and assocrated bumup wrth the SAS2H/ORIGEN-S

depletlon codes

(@) - Specify the precision of the mput heat value (e g.. 1 666 MW) and the precusron of
' - calculated burmup values that the user should use for application of thrs equahon (e.g.,
45,200 or 45,249 MWD/MTU). . . , o

lt is not clear if the ORIGEN-S code and 'theHOltec methodology' treats values and
computations at the same precision (€. g slgmﬁcant fi gures) suggested by this equation
and the associated coefii cients.

(h) Discuss the reason for the 20 GWDIMTU cntenon and why bumups below thrs value are
unacceptable. o

() Clarify the .statement that “a fuel assembly with an actual bumup less than 20 000
- MWD/MTU may be stored, but it must have the Ionger ooollng tlme

This information regarding the source term and shleldmg analysrs |s needed to deterrnlne
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 MWD/MTU as the burnup increment in determining the coefficients for
the equations was based on the behavior of the bumup versus decay heat curve. RAI Figure
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5-18.1 (located at the end of this document) shows the burnup 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 burnup 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.

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 burnup, 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 burnup 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 burmups 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 burnups should
be rounded down to the nearest integer.

(h) The 20 GWD/MTU criterion was specified because the previous curve fits were performed

0]

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.

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 burnup 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

Prowde the following information regardlng Sectlon 24. 2 5 of proposed Append:x B:
(a) Justlfy the request for I‘near interpolatlon between poxnts '

(b) Provude a method -and practical example for this proposed mterpolatlon Clanfy the
expected error in estimated deeay heats w:th this approach. ‘

It is not c!ear what “points” (e.g., bumup, eoohng time, heat Ioad) can be interpotated
(c) Specify the user need for interpolation of these values in industry applications.

This mformatton regarding the source term and shle!dmg analysns 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 coolmg times. RAI
Figure 5-19.1 (located at the end of this document) shows a graph of burnup 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 burnup will
produce an accurate or slightly conservative (underestnmated) bumup Therefore, linear
interpolation is acceptable. .

~ (b) An example has been added to FSAR Section 12.2.10. The user is onty perrmtted to

perform interpolation for burnups between coohng t:mes that were determmed 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 applles the non-fuel hardware decay heat, as dlscussed in proposed
Section 2.4.2.6 of proposed Appendlx B

It is not clear how non-fuel hardware decay heat should be considered in equatlons 241
through 2.4.3 in proposed Appendix B. [see also RAI 5-1 7(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 burnup 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 14x14D/E 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 stainiess 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 burmups 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,
8x8A, or stainless steel clad fuel.

Question 5-22

Specify whether calculated dose rates in Sectron 5. 4 are determmed 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 appropnate end in aocordanoe with the methodology proposed in TS
5.7. [see also RAI 10-3] o , ,

This information regardlng the source term and shielding analysrs is needed to determrne
compliance with 10 CFR 72.236 (d)

Response 5-22

Forward MCNP calculatlons were performed to determine the dose rate per starting parucle 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 multlplylng 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. Sectton 5.4 of the FSAR has been_ modlf ed to include this

description.
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Chapter 6 - Criticality Evaluation

Question 6-1
Justify the general conclusion that maximum pellet diameter maximizes k.

The data in Table 6.4.12 indicates that key 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 k.4 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 fuel/fuel 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 dlameter 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 1D 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 peliet diameter for intact fuel assemblies, in conjunction
with the other bounding parameter assumptions, is suitably conservative and consistent with
actual fuel assembly constructlon 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 amay/class 15x15H, maximum 0.3835 inches from
assembly array/class 14x14D, see Holtec Report HI-851321, 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 OD values (14x14 array for maximum pellet OD, 15x15 array for
fypical 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 S|gmﬁcant trend regardlng 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 delta-k. Given the standard deviation of these calculations of about 0.0008 delia-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 msxgmf cant.

« ' The same applies to the results in FSAR Flgure 6.4.14, where the maximum vaiues dlffer 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 maxlmum pellet OD.
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s 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 resuits 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 k.s decreases for all cases except the MPC-32 when the fuel
assemblies are moved toward the center of the basket.

The data in Appendix | 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
RAIl 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 MPC-32. Table 6.4.5 shows increases
in ke 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 6.4.5, however, are for a bounding
MPC-68 configuration not permitted by the CoC, where ali 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 deltak;
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 missmg rods were eva!uated in the MPC-32 -as dlscussed in
FSAR Section 6.44.26. e B

There are no changes to FSAR Cnapter_vé es‘a,rr:eeult ,ef this RAI reeponse.

Question 6-4

Justlfy the statement that the Boral“‘ and Metamlc ponsons are * |dentiwt from a criticality
perspective.” . . o , , ,

The data in Table 6 4.15 show the MPC-24 type basket (with flux traps) is ‘more reactive with
Metamic® versus Boral™, 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 Boral ‘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 o - '

This apparent trend in the oompanson between Boral and MET. AMIC" was noted when
performing the calculations. Therefore, ‘a second, statistically independent set of calculations
was -generated for METAMIC®. This second set shows generally ‘different deltak 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 Holiec Report HI-2012771, Appendix E. FSAR Section 6.4.11 has been
expanded to discuss these additional wlculations. ,

Question 6-5 7
Justify the general conclusion that eccentric positioning of the f_det assemblies is negligible.

The data in Appendix | of calculation HI-2012771 “Reactivity Effect of Eccentric Fuel
Positioning,” show an increase in ke for nine of the eleven cases reported when the fuel
assemblies are positioned toward the center of the MPC. An increase in ker @s 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 RAl 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)** or approximately 10" for the MPC-24, (1/5)*? or approximately 102
for the MPC-32, and (1/5)% or approximately 10™* 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 array/classes, 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% #°U. 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 fue! loading. The manufacturing of the Holtec MPC baskets is a fixture-driven
process whereby the dimensions of the fue! 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 golno-go gauge suitably sized to
ensure all fue! assemblies and/or damaged fue! containers will fit in their designated locations
when used at the power plant.'Any significant “hang-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 fue! 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 malfunchon in any fuel loading at any site.
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Chapter 7 - Confinement Evaluation

NOTE: As part of this RAl response, Holtec is proposing to adopt the provisions of NRC
Interim Staff Guidance (1ISG) 18, which was published after the NRC issued this RAI.
If certain criteria are met, then 1SG-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 sysiems 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 1SG-18 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 1ISG-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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Questlon 7-2
Justify applying grawtatnona! settllng as the only effect reducmg the amount of ﬁnes. volatiles

and crud within the confinement boundary. Provide justification for neglecting other deposition

mechanisms, such as Browman motnon and thermophoresns Revise the FSAR appropriately.

The evaluation provided in SMSAB-00-03 "Best Estlmate Oﬁsne 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 fo 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 Evaluatlon

Alternatives to staff guidance must be described and justified.

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

Response 7-2

This question ls no longer appl:cable to the Ho!tec HI-STORM 100 System des:gn 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 & leak occur.
Provide an estimation of the gas velocities within the cask cavity due to both of these effects.
Revise the FSAR appropriately.

The “thermosiphon” 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 settlmg The confinement analysis provided in Chapter 7 is a deviation from staff
guidance prowded in ISG-S Altematlves to.the staff guidance must be descnbed and justuf ied.

This information is requnred to assure compllance \mth 10 CFR 72. 236(d)

Resgonse 7-3

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

Question 7-4

Provide justification that the aerosol particle distribution is independent of spent fdel bumup
parameters.

The aerosol particle distribution in SMSAB-00-03 is based on experimental data regarding spent
fuel fines from fuel with total burnup 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 burnups up to
75,000 MWD/MTU, nor does it demonstrate that the aerosol particle distribution of 1-4 um 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/cm?® 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 irmadiated 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, A (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 MWD/MTU. The confinement analysis
provided in Chapter 7 is a deviation from staff guidance provided in 1SG-5. Altemnatives 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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Resgonsg 7-6 .

This queStion is no longer ébplicable to the Holtec HI-STORM 100 Systém design. Please see
Response 7-1.

Question 7-7
Justify using the lower bound value of A (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. Piease see
Response 7-1.

Question 7-8

Revise Chapter 7 to include the calculation of the fraction of volatiles that are subjecléd 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 stafi 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. SMSAB-00-03 is based on conditions for spent fuel

with burnups up to 40,000 MWD/MTU. Chapter 7 does not demonstrate that this fraction has

been evaluated for canister conditions with spent fuel burnups up to 75,000 MWD/MTU. 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. Altematives 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
Questlon 8-1 '

Provide information that demonstrates that rad:olytlc dlsassomatlon of mtrogen would not result
in the creation of adverse chemicals, specifically acids, that would affect the cask or contents,

particularly dunng the storage period.

- The FSAR specifies that elther hellum or mtrogen may be used to d;splaoe water dunng the
cask drammg process.

This information i is requ:red to assure oompllance thh 10 CFR 72. 236(!)

Resgonse 81 -

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 deletenous
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 0° 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 B-2

Add a cautionary note in the loading prooedureé 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

Chapter 10 - Radiation Pfotection
Question 10-1

Clarify the additional ALARA protectlve measures that a user must employ to deoontamlnate
and survey the HI-TRAC. :

Occupational dose estlmates from this operatjon appear to be significant with the new fuel
contents. A ) : o

This information regardmg the source term and shleldmg'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.

Questlon 10-2

Explain why the dose rate estimates for survelllanoe and mamtenance exposures d|d not
change in this amendment when compared to Amendment 1. : _

Calculated dose rates from the casks have mgmﬁcantly increased in thls amendment

This information regardlng the source term and shseldmg analyS|s 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 visua! inspection from
inside the fence, outside the fence or with cameras or remote temperature sensors. Therefore,
there is little reason for personne! 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)

(b)

(©)

(d)

(e)

()

(9)

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).

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.

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).

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.

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.

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.

Clarify the meaning of proposed TS 5.7.2(b).
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Q)

0]

0

(k)

0]

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.

Clarify why a cask user would not consider the source term and shneldmg codes used in
Chapter 5, to be part of the FSAR shreldmg methodo!ogy

This appears to be partially implied in the requrrements proposed in TS 5 7 2(a) and (b).

Revise requrrement 5.7.2(c) to state that a user may consider lower Cobalt-59 |mpunt1es
below the specified values in Chapter 5, If suffi cient data exists to verify these values.

Provide a specification regarding the consnderat:on of fuel assembhes that do not meet
the minimum enrichment values specuﬁed in Chapter 5.

‘Clarify how a user should perform ofi-site dose calculations for an overpack and canister
configuration that are different from the representatrve MPC-24 conﬁguratron analyzed in
Section 54.

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

enwronmental monitoring program

It is not clear what levels of exterior oontammatxon should be consrdered in the off-site
dose enalyses under 10 CFR 72. 212 and operahonal verifi mtuon under TS 5.4. '

This information regarding the source term and shielding analysis is needed to
- determine comphance wrth 10 CFR 72. 236 (d) and 10 CFR Part 20. :

Response 10-3

(@)

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

(b)

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 i 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.

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 T8S.

(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.

(9) 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.

(i) 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 muitiply 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
detait in the technical specifications.

() 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 themmal analysis of blockage of three inlet ducts.

The FSAR states that the blockage of three Ir;lef ducts is evaluated ohly to demonstrate the
limited effects of additional incremental duct blockage However the analysns results are not
provided in the FSAR :

This information is needed to assure comphance w1th 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 Conditon - | - Peak _Clad Temperature (oF)
All Ducts Opeh — | o 731
2 Dudis Blocked | 749
3 Ducts Blocked — ‘ 7

Question 142

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

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

This information is needed to assure oompllance wnth 10 CFR 72. 236(f)

Response 11 -2

The two ducts bloeked scenario is enalyzed empldﬁhg 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. 1 reported temperature rise at 28.74 kW heat load to a conservatively
postulated heat foad 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 11-4

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 overiooked. 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 (Subsectnon 11.2.13) is
revised to state this result. v _
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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 burnups.

Table 12.2.1 of the FSAR states that for a given range of cooling times and fuel burnups, the
assembly decay heat for Region 2 is constant (i.e., Grecion 2 = 0.750kW). Similarly the FSAR
states that for a given assembly decay heat for Region 1, the allowable burnup 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 I1SG-11,
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 400°C, 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-11, 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 burnups, 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.

Burnup 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 burnup 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 MWD/MTU 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 RAl G-1). Clear and oonsustent use of
references should be made in the FSAR in all instances. :

This information i is not contained in the FSAR and is requ1red 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 speclﬁcahons (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-referenoes 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 retalns the responsnbmty for tasks
delegated to others.

Response 13-3

The FSAR has been revised to unambiguously document Holtec’s obligation to impose an
appropriate leve! of QA oversight on its suppliers, in accordance with the requirements stated in
the Company’s NRC-approved QA program. Suppliers to Holtec are eva!uated approprrately as
part of our vendor qualification program before safety-signifi icant' 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 134 for
additional clarification pertaining to QA oversight of suppllers

Questlon 13-4

Clarify the statement in Chapter 13, Sectron 13 01 *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 oversnght will be
sufficient to verify that adequate quallty w:ll be achneved

Title 10 CFR 72. 142(b)(2) requrres that the oertrﬁcate holder venfy that actrvltles have been
oorrectly performed

Response 13-4

The intent of the proposed FSAR text is to clarify that Holtec's supphers may perform work ,
under their QA program or under Holtec's program, as imposed through the procurement
documents. Holtec’s obhgatnon 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 requrrements applicable to the
procurement, the level of oversight may vary, and is clearly delineated in the procurement
documents. The fundamental goal of the supplier oversight portion of Holtec’s QA program is to
provide assurance that activites 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 & supplier, which depends on the status of his QA
program, represents a level of detail more appropnately stated in the implementlng 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.
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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
itemn or service. We agree that the general licensee is ultimately responsnble 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—appmved QA program in
rendering services to the industry that, strictly speakmg, fall outside the purview of the Part 72
scope of supply.

Question 13-7

Clarify the intent of the seemingly inoongruous statement 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
states that activities affecting quality are defined in a purchaser's contract on a site-specific
ISFS! 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 ([13.0.2] 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 Ccsmgllanc
Appendix A of CoC Technical Speeuﬁwtnons I

Question TS-1 |

Identify the provision in the technlcal specifications that limits the fissile oontent in a damaged
fuel canister to no more than that in one fuel assembly

The following information is needed to show oomphanoe with 10 CFR 72 124(a)

Response TS-1

Fuel assembly requirements for loading are specrﬁed 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 fue! 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,” “PWR Fue! Assembly Characteristics,” and “BWR
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% #°U) 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 apphcatlon of the table in
LCO 3.3.1 is of particular concem.

The following mformatlon is needed to show comphance thh 10 CFR 72.124(a).

Response TS-Z

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 “array/classes” 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 assembilies (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 72.11.

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 wrth 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 additiona! 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 permitied in the MPC-68F in accordance with CoC
Appendix B, Section 2.1.3 and Figure 2.1-4, which exclude this MPC model. Only fue! from the
Dresden Unit 1 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, burnup, and cooling time limit in accordance with CoC Table 2.1-
1, Section lll. That is, a decay heat < 115 Watts, a burnup < 30,000 MWD/MTU, and a cooling
time > 18 years. Regionalized loadlng has no significant benefit for fuel of this old age and low
dewy heat. The definition of Reglonahzed Fuel Loading in FSAR Table 1.0.1 has been revised
to clarify this point.



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-11 9x9 Fuel Assembly
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Figure 4-6.3 - Planar Thermal Conductivity of

MPC-24 Fuel Basket

4 t ¥ i !

300 400 500 600 700

Temperature (deg. F)

800




Thermal Conductivity
(Btu/hr-ft-F)

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: Burnup 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 |

SECTION I - PROPOSED CHANGES TO CERTIFICATE OF COMPLIANCE 1014

Proposed Change No. 1

 Certificate of ComplianceLSecﬁonrl.b and Appendxx 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 peutron 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 METAMIC®-equipped MPC is expected to
be less compared to an MPC containing the rolled cermet class of neutron
absorbers such as BORAL®, - ' o

J_ustiﬁéation for Proposed Changes 77 -

METAMIC® neutron poison material has been demonstrated to be equivalent to
BORALP® in performing the design function of absorbing thermal neutrons. -
METAMIC® is also equivalent to BORAL® in its thermal, structural, and
shielding performance. The dimensions and tolerances for the fabrication and
installation of the METAMIC® neutron absorber panels are identical to the
current BORAL® dimensions and tolerances. The weight percent of B4C in-
METAMIC?® is less than that for BORAL® given the same panel thickness, '°B

areal density, and '°B loading penalty (25%).

~ METAMIC® has been considered in the criticality analyses in the same manner as
_ BORAL® previously was considered, with one exception: only a 10% penalty on
- 1°B loading was considered for METAMIC® versus the previous licensing basis
value of 25% for BORAL®. This change is appropriate because METAMIC® 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 METAMIC® with 90% credit for '°B.

EPRI Report 1003137, “Qualification of METAMIC® for Spent-Fuel Storage
Applications™ provides the pertinent qualification tests data for this material.
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Holtec International proprietary Report HI-2022871, “Use of METAMIC® in
Fuel Pool Applications”, includes a detailed discussion of the use of METAMIC®
in wet storage applications, but also includes information germane to dry storage.
Both of these reports support the conclusion that METAMIC® 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 cﬁanges to the MPC design drawings
will be made after approval of the CoC amendment.

Proposed Change No. 2

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

a. Modify CoC Section 1.b, Appendix A, LCO 3.3.1, and Appendix B, Section
V of Table 2.1-1; and add new Section VIII 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 enrichments. 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 transport 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 ldentlcal _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-32/32F damaged fuel container is shown
‘in new FSAR Figure 2.1.2D. The technical evaluauon is summarized

, below by discipline.

Structural :

"I'he genenc MPC-32/32F damaged fuel contamer (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.

The storage of DFCs containing daxhaged fuel assémbliw 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 claddmg temperature is

_negligible (1 e., much less than 1°F)

Slneldmg

' 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
MPC-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 stormg damaged fuel assemblies in these baskets.

 Since storage of damaged ﬁJel in the MPC-32 is similar to tbe 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 MPC-
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.

The re-formatting of the minimum boron concentration is consistent with
the supporting criticality evaluations. FSAR Section 6.4, and specifically
Section 6.4.2.1.2, (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.
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Proposed Chnnge No. '3

Certificate of Comgliance, Sect:ons l.aand 1.b:

Revise the wordmg in these two CoC sections as follows

a

In Section 1.2 and the ﬁrst paxagraph of Section lb delete the “100 or
100S” designation in the references to the HI-STORM overpack

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

'Note Conforming editorlal ehanges to the affected 'MPC,drawings will
- be made after approval of tlns amendment requeet.

In the thlrd paragraph of Sectlon l b, delete all mformatlon pertaining to

- the authorized contents of each MPC model and add a statement defining

the suﬁix to the MPC model number.

In the fourth paragraph of Sect:on 1 b change the word “types” to “sizes”
in two places in reference to the HI-TRAC transfer cask.

In the fifth paragraph of Section 1.b: 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 dxscussmn of HI-STORM

100A.

Reason and Justification for Proposed Changes

a.

These changes for the overpack description are pfoposed fot :comisteney

- with the discussion of the HI-TRAC transfer cask .and MPCs in these

porl:lons of the CoC.

, -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 4.4.1.1.b of the proposed FSAR (Attachment 5) have
been modified appropriately to address this change. See also Proposed
Change No. 22.

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.

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.

These wording changes provide i) clarification of the major differences
between the 100S 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 100S 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 IV 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.
Revise SR 3.1.1.3 to remove the helium leakage test requirement.

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 Proposéd Changes

a.

- These proposed changes in MPC cawty drymg requirements are necessary

as a consequence of higher authorized heat loads and the new peak fuel
cladding temperature limit suggested by ISG-11, Revision 2. There are
now a variety of requirements and options based on the decay beat load of
the MPC and the burnup of fuel bemg stored (1 e., moderate bumup versus
high burnup fuel).

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

This propoéed change is a result of lessons Vl'eamed in thé 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
400°C 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 570°C during vacuum drying, for heat loads up to those already

licensed in Amendment 1 to the CoC. Any MPC containing one or more

‘high -burnup fuel assemblies must be dried using the forced helium

dehydration method, in which case the 400°C 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 prov1ded under
separate cover, for details of the thermal analyses.

Human factors improvement.
The TS reqmrements for helium bac]cﬁll 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 réquirements also reflect thé fuel claddingthorop stress
calculation option to retain the 570°C temperature limit for moderate burnup fuel (< 45,000 MWD/MTU).
This is expected to be consistent with the soon-to-be-published ISG-11, 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.

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.

This change is required as a result of the new, lower peak fuel cladding
temperature limit of 400°C 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. Altematively, 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 2 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 conservatlvely 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 200°F prior to re-flooding in order to minimize thermal

_stress in the fuel claddmg

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 methodologles in the HI-STORM FSAR.

Proposed Qhangé Ne. 6

Certificate of Compliance, Appendix A, LCOs 3.2.1 and 32.3; Action B.1 of |
LCO 3.1.2' and Section 5.0: ' '

Delete LCOs 3.2.1 and 3.2.3 and associated bases in 1 FSAR Appendix 12.A and |
replace them with new Technical Spec1ﬁcat10n 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 admlmstratlvely 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
HI-STORM overpack dose rates.

In addition, this change is proposed to be consistent with the guidance of
NUREG-1745, “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, measuring 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 appropnately controlled
through a Technical Specification program.

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

Proposed Change No.-7 :

Certificate of Compliance,' Appendix B; Sectien 1.0, Deﬁniﬁons; Table 2.1-1,
Note 1 in Sections I, IV, V. VII, and VIII; 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 1dent1ﬁed 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 - vibratxon suppressor inserts contain no ﬁss11e matenal 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 wt.% 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 wt.% initial enrichment that
needs to be placed into dry storage.

Justification for Proposed Change
Damaged fuel and fuel debris up to 5.0 wt.% >°U has been evaluated and found

to be acceptable for loading in the PWR MPCs. See Sections 6.4.4.2.5 and
6.4.4.2.6 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



U. S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Document ID 5014490

Attachment 2

Page 13 of 29

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 valies) 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 grantmg the dev1atlon ona
case-speclﬁc basis. '

' ~This changev 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 ‘2 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. ll |

Certlﬁcate of Comphance Appendlx A, LCO 3. 1 2 Reqmred Actlons B.2.1 and
B.2.2 andSR3 1.2.1; andAppendxxB Tables 2.1-1 and2 1-4 through 2.1-7:

Revise Table 2 1 l delete Tables 2. 1-4 through 2. 1-7 and create new Section 2.4
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 145°F 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 conformmg changes made necessary by the hlgher heat
loads.
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Justification for Proposed Change
Thermal

The previous burnup and decay heat limits were distingnished 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 bumup 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-11, Revision 2.
(see also Proposed Change Number 15a).

Shieldin

The shielding analysis in Chapter 5 of the FSAR has been modified to reflect the
changes in the allowable bumnup and cooling times by changing all dose rate
calculations using the design basis fuel assemblies, B&W15x15 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
bumup 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 1mperceptible at the

controlled area boundary

The 100% air duct blockage accldent ‘was re-analyzed for the desxgn 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 1 analyses show that, for heat loads < 27.74 kW (the Amendment 1

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 condmon begins at the time the component or system is declared
inoperable’. 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
burnups for each array/class.

Justification for Proposed Change

The allowable bumups as a function of cooling time are calculated using the
allowable decay heat as an input. Source term calculations are performed to
determine the burnup 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 maximum 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

_Certlﬁcate of Comphance, Appendix B, Table 2.1-8:

Reyvise 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 iqdimtedA that the allowable burnups versus cooling
- time for some of the non-fuel hardware is unnecessarily restrictive. Therefore, the

allowable burnups for a given coolmg time are proposed to be increased for non-
fuel hardware inserts.

Jnsﬁﬁcation for Pr(ipdséd 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 coolmg 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 Chanée No‘. 14

Certificate of Compliance, Appendix B, Section 3.3 and Table 3-1: -
a Change “Exceptions” to “Altematiirés” ﬂlfdﬁghout 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 HI-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 rewsed ASME Code ai@atives 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-6111, 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.

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.

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 5™ and March 7%, 2002.

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.

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 reqmrement is to distinguish
between 10 CFR Part 50 and Part 72 Jm'xschctlon

Proposed Change No. 15

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 244 through 2. 4-8 and new Section 3.4.10:

Rewse the affected portlons of the referenced CoC sections and tables to reflect
incorporation of the review guidance contained in ISG-11.

. Reason and Justification Proposed Changes

' :These changes reflect the necessary | modxﬂcat:ons to the CoC to adopt the revised
review guidance contained in ISG-11, 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, HI-2033054.
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SECTION I - 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 pressﬁre 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 350°F to 450°F in the attached proposed
FSAR markups (Attachment 5).

Reason for Proposed Change

aandb. 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%.

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 3.B thru 3.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 Chanée 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 C_hapter 11

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 Change 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



U. S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Document ID 5014490

Attachment 2

Page 22 of 29

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, Vanous Locations

Make the following edxtonal changes to the CoC:

a.

. On the first page of the CoC, delete “Inc.” from Holtec International’s

name.

In the third paragraph of Section 1.b, change the last word from
“dimensions” to “diameter.”

. . Condition 5: In the second sentence, change “safety”to *regulatory.”

Appendix B, Table 2.1-1: In each of the sections for the PWR MPCs
(MPC-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.

Appendix B, Table 2.1- 1, Sectlon VI.A l.h Delete and DFC” from the

-fuel assembly welght entries (two places). -

7 Appendix B Table 2.1-1, Sectxons VI and VII: In Note B, change

“MPC-24E” and “MPC-32” to “MPC-24EF” and “MPC-32F,”
respectively.

Appendix B, Table 2.4-3, Note 2: Replace “NON-FUEL HARDWARE”

- with “channels

Reason and Justlﬁcatlon for Proposed Changes

a.

Editorial. The legal name of Holtec is “Holtec Intemauonal, a New Jersey

: ;Corporatlon

Using the term »“dimensith” - 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 on]y dimension that should be controlled via CoC
- amendment.

The reviews referred to in this sentence are fo be conducted pursuant to 10
CFR 50.59 or 10 CFR-72.48. These reviews are regulatory reviews to




U. 8. Nuclear Regulatory Commission
ATTN: Document Control Desk
Document ID 5014490

Attachment 2

Page 24 of 29

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 HI-STORM 100 System.

e. Item VIA.l 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 1.b 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 HI-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 HI-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” ovexpack in which that MPC was
prevxously stored. _ :

:Prg:osed Change No. 23

‘Certificate of Compliance, Appendix A, Table 3-1 and Appendix B, Section
3.6.24

Modify the MPC drying acceptance criterion applicablé 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. . -

Justlﬁcatmn for Proposed Change = _

A dew point of the gas exxtmg the MPC of < < 22 9°F for > 30 mmutes oorresponds '

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.1.

Proposed Change No. 24

Certificate of Comphance Appendix B, Table 3-1, “List of ASME Code ,
Alternatives™:

a. In the “altemative , justification, & compensatory measures” column for
Code Article NB-6111, replace the word “hydrostat:cally’ and
“hydrostatic” with “pressure” (two places). ,

» b In the “alternative, justiﬁéatidn,’ & compqﬁsatbry nieasufes” column for
: Code Articles NF-3256 and NF-3266, remove the term “by an ‘*°.”

Reason and Justiﬁcaﬁoh for Proposéd Chénges -




U. S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Document ID 5014490

Attachment 2

Page 26 of 29

a ASME Section I, Subsection NB, Article NB-6110 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 desxgner

Proposed Change No. 26

CoC Appendix B, Section-3.4.3

.Clan'fy 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 “p” is the coefficient of friction between the
overpack and the ISFSI pad, and incipient tipping, where the value of “u” 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 “u” 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 1.D.1 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
3.4.43.1.2 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 300°F “if Type I 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 III, Subsection NG. This change
clarifies that, based on their design function, the basket is considered a core
support structure pursuant to Article NG-1121 and the angle supports are
considered internal structures pursuant to Article NG-1122.

Reason for Proposed Change

To remove ambiguity regarding the applicability of ASME Section III, Subsection
NG, Article NG-1120 to these components.

Justification for Proposed 'Change

Article NG-1121 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-1122.
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The U.S. Nuclear Regulatory Commission iIs issuing this Certificate of Compliance pursuant to Title 10 of the Code of Federal
Regulations, Part 72, "Licensing Requirements for Independent Storage of Spent Nuclear Fue! and High-Leve!l Radioactive Waste" (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 basls of the Fina! Safety Analysis Repor;
(FSAR) of the cask design. This eerﬁﬁcate Is conditionat upon fulﬁumg the requlrements of 10 CFR Part 72. es applicable and the
condmons specified below :

arﬁﬁwta No.™ | Effective Date Expiration Date | Docket Number | - Amenqmenero.r Amendment Date m
1014 | 05/31/00- 06/01/20 | 721014 | - 42 - | - |  usaT2-1014
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Holtec International

Holtec Center

‘655 Lincoln Drive West
Marlton.'NJ -08053 S

§fety Analysis Report Title ..

Holtec International #ne-; Final SafeyAna ysis Reporl for the HI-STORM ‘IQﬁ Gask System
Docket No. 72-1014 - L e

“ CONDITIONS

s apphcable ﬂ'ae attached Appendrx

\n“ This certificate is conditioried upon fulfilling th requirements SIAY CF Pa 2,
:sigh Features), andtlhe conditions specnﬁed

A (Technical Speclfmnons)'and Appendlx (Approved Confents and
below . ]

1. CASK

during loadmg. unloadmg anq_ transfer operatzo'ns.g ' ask steres ﬁp to 32 pregsunzed water reactor

~ (PWR), fuel assemblies or: 6 boiling water reactofL(BWR) fuel assemblies

" . b. Descnptxon ‘

: The HI-STORM 100 Cask System is eerttf' edas described ln {the Final Safety Analysxs Report (FSAR) and in
"~ the U. S. Nuclear Regulatory Commission’s (NRC) Sdfety Evaluation Report (SER) accompanyingthe - - -
| Certificate of Compliance. The cask comprises three discrete eomponents the MPCs, the HI-TRAC transfer
cask, and the HI-STORM 499-ef—1-968 storage overpack.. , L

The MPC is the confinement system for the stored fuel. Itisa welded cy!mdncal canister w:th a8
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 eptienal aluminum heat conduction elements (AHCEs),

W which ere installed in some early-wntage 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 Beral neutron absorbers, provides criticality control. :
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1.

b. Description (continued)

There ara seven eight types of MPCs: the MPC-24, MPC-24E, MPC-24EF, MPC-32, MPC-32F, MPC-68,
MPC-68F, and MPC-68FF. Tho number suﬂix mdtcates the maximum number of fuel assembl:es permitted to

The HI-TRAC transfer cask. prov:des shielding and structural protection of th MPC during loading, unloading,
and movement of the MPGfrom the spent fuel pool to the storage overpack. The transfer cask is a multi-
walled (carbon steelllea carbon steel) cyhndncal vessel with a waterjacket attached to the exterior. Two

vg identical cavity d:ameté The 125 ton HI-TRAC ftransfer cask

operation. Both transfer ‘cask typea
lérgel; outer dlmensmns th 100 ton HI-TRAC transfer cask.

has thicker lead and" water shielding

1o its interior surface to'guide the MPC ‘during insertin
impact loads, and allow coolmg air to cxrcuiate thnou

STORM 100 family and is outf itted with an extended aseplate and gussets, to enable the overpack tobe
anchored to the concrete storage’ pad in high seismic applications. The HI:STORM 100A applies to both the

}-STORM 100} and shor!—(Hl-STORM 1008) overpac that are classified as the HI-STORM 100A
and HI-STORM 1008SA, respectively. .- . -

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.

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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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 whloh is establrshed malntamed end executed
with regard to the cask system.

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
lift 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 specificheavy loads requirements. Lifting operations
outside of structures governed by 10 CER Part 50 must’beli §ogordance with Section 5.5 of Appendix A
and/or Sections 3.4.6 and Sectron 3 § of Appendrx B to this cerlificaté, as apphmble

APPROVED CONTENTS

i;r
#e

Contents of the HI-STORM : 00 Cask System must meet the fuel specrf cetrons given in Appendix B to this
certificate. B - I

DESIGN FEATURES

The heat transfer charactenstrcs of the cask system will e.rewrded By temperature measuremenis forthe
first HI-STORM Cask Systems {for each thermally unique HPC basket desrgn MPC-24/24E/24EF, MPC-
32/32F, and MPC-68/68F/68FF)- placed into service by any user with & heatload equa! to or greater than 10
kW. An analysis shall be performed that demonstrates the temperature méasurements vahdate the analyhc
methods and predroted thermal behavior lfescnbed in ‘Chapter 4 efthe FSAR :

Validation tests shall be performed for each subsequent msk system that has a heat Ioad that exoeeds 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 summanzmg the results of each vahdatlon test shall be submitted to the NRC in accordance with
10 CFR 72.4. Cask users may satisfy these requrrements by referencing validation test reports submitted to
the NRC by other cask users.
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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 conformancs.

Loading specific assemblies and-plating assemf)h_
including appropriate mdegepdepi verification.

4
v
2 ki

n

f. MPC welding, ND ‘. spectxons hydrostatie pressure testing, dralmng. monsiure removal (by vacuum
drying or forced hel‘um dehydrat:on as appllcable) and helium backfillmg . (A

1. AUTHORIZATION

The HI-STORM 100 Cask System which is authonzed by this certificate, is hereby approved for general use
by holders of 10 CFR Part 50 licénses for nuclear reactors at reactor sites under the general license issued
pursuant to 10 CFR 72.210, sub]ect to the conditions specified by 10 CFR 72.212, and the attached Appendix
A and Appendix B. At The HI-STORM 100.Cask Systems must may be fabricated and used in accordance with
any approved amendment to CoC No. 1014 listed in 10 CFR:72. 214:.Each of the licensed HI-STORM 100
System components (i.s., the MPC, overpack, and transfer cask), i fabricated 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 des;gn compat:bmfy assessment is performed by the CoC holder Pmeﬂdmeﬂt-NH exeept

FOR THE U. S. NUCLEAR REGULATORY COMMISSION

E. William Brach, Director
Spent Fuel Project Office
Ofiice of Nuclear Material Safety
and Safeguards
Attachments:
1. Appendix A
2. Appendix B
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-/ ol ‘ Multi-Purpose Canister (MPC)
: 3.1.1
3.1 SFSC INTEGRITY o
3.1.1 Mum-Purpose Canister (MPC) -
LCO 3. 1 1 The MPC shall be dry ‘and helium fi lled

_APPLICABILITY: -During TRANSPORT OPERATIONS and STORAGE
| OPERATIONS.

ACTIONS
: \IOTE -
- Separate Condition entry is allowed for each MPC.

CONDITION " REQUIRED ACTION

COMPLETION
TIME

A. MPCcavity vacuum | A.1 Perform an engineering | 7 days
~ drying pressure or | evaluation fo determine the

_ demoisturizer exit gas ; quantity of mmsture leftin

-/ temperature limit not . :the MPC. '
met.
AND

A.2 Develop and initiate :
corrective actions necessary | 30 days

" to retumn 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.

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

Certificate of Compliance No. 1014
Appendix A 34141



Multi-Purpose Canister (MPC)

3.1.1
ACTIONS
(continued)
CONDITION REQUIRED ACTION COMPLETION
. tofi {heli
leakrate-en-heatremovat
it t offsi .
AND
52 Eeuelal_p andlt.mhate 7-days
toreturnthe-MPC-to-an
analzed o
C. Required Actions and C.1 Remove all fuel assemblies | 30 days

associated Completion
Times not met.

from the SFSC.

Certificate of Compliance No. 1014
Appendix A

3.1.1-2
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Multi-Purpose Canister (MPC)

3.1.1
SURVEILLANCE REQUIREMENTS
| SURVEILLANCE FREQUENCY
SR 3.1.1.1 * APCs-containing-allmoderate-bumug Once, prior to
‘ {<45,606-MWBMTU)fuel-assemblies;verify TRANSPORT
MPC-reavity vacuum-drying-pressure-is-withinthe | OPERATIONS
et ifed-in-Table 3-4-for-t heable-MPG
model:
OR
Forthose '."" Cs cen&a’unng_ fuel .assembhes of
any autha.uzed b. urnup; while-using-the
reci culah_ng' "el.'u"' method to-dehydrate-the
l"“.!.e ea"nty ; 'e"!.‘ Itha_t H:e’ g—asz ‘EeOFmeel_aEua g'e
minutes:
Verify that the MPC cavity has been dried in
- accordance with the applicable limits in Table 3-1.

SR 3.1.1.2 Verify MPC helium backfill i Once, prior to
quantity is within the limit specified in Table 3-t2 | TRANSPORT
for the applicable MPC model. OPERATIONS
MPcHid-confinement-weld-and-the-drainand-vent | TRANSPORT

Certificate of Compliance No. 1014

Appendix A

3.1.1-3




SFSC Heat Removal System

Certificate of Compliance No. 1014
Appendix A 3.1.21

3.1.2
4 3.1 SFSC INTEGRITY
3.1.2 SFSC Heat Removal System
LCO 3.1.2 The SFSC Heat Removal System shall be operable
APPLICABILITY: Dunng STORAGE 0PERAT|ONS
ACTIONS -
NOTE.
Separate Condition entry is aliowed for each SFSC.
CONDITION  REQUIREDACTION [ ~COMPLETION
A. SFSC Heat Removal A1 Restore SFSC Heat Removal | 8 hours
System inoperatgle. System to operable status. -
B. Required Action A.1 and B.1 Perform-SR-3:2:3-%: 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 MPCinto a 4864 hours, if
TRANSFER CASK. MPC heat load is
. < 28.74 kW
OR
16 hours, if MPC
heat load is
> 28.74 kW
-/

—— — — —— ——— —————— —

— c—— —— b= im— ——  — — v———



SFSC Heat Removal System ‘L

3.1.2
SURVEILLANCE REQUIREMENTS
SURVEILLANCE FREQUENCY
SR 3.1.21 Verify all OVERPACK inlet and outlet air ducts are 24 hours
free of blockage.
OR
For OVERPACKS with installed temperature 24 hours

monitoring equipment, verify that the difference
between the average OVERPACK air outlet
temperature and ISFSI ambient temperature is
< 126145°F.

Certificate of Compliance No. 1014
Appendix A 3.1.2-2



3.1 SFSC INTEGRITY

3.1.3 Fuel Cool-Down

Fuel Cool-Down
3.13

LCO 3.1.3 The MPC cavity bulk helium exit temperature shall be < 200° F

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
TIME

A. MPC cavity bulkhelium | A.1 Establish MPC cavity bulk

Prior to initiating

gas-exit temperature not helium gas-exittemperature | MPC re-fiooding
within limit. within limit. operations
AND
A.2 Ensure adequate heat 22-hours
transfer from the MPC tothe | Immediately
‘environment
SURVEILLANCE REQUIREMENTS
SURVEILLANCE FREQUENCY
SR 3.1.31 VerifyEnsure via analysis or direct measurement | Prior to MPC re-
of MPC exit gas temperature that MPC cavity fiooding
bulk helium gas-exit temperature is within limit. operations.

Certificate of Compliance No. 1014
Appendix A 3.1.31



Deleted =FRANSFER—GASK—AvefageSuFfaee—Bese-Rates |
3.2.1

{eontinued)

Certificate of Compliance No. 1014
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Deleted TRANSFER-CASK-Average Surface-Dese-Rates |

3.2.1
AGTIONS-
(cortinued)
CONDHIGN REQUIRED-AGTION GOMPLETION
FME
B—Required-Action-and B-+—Remove-alHuel-assemblies 30-days
associated-Completion-Time from-the- FTRANSFER-GASK
notmet
FREQUENGY |
Onee;-prierto
TRANSPORT
OPERATIONS

Certificate of Compliance No. 1014
Appendix A 3.2.1-2



" Transfer Cask Average Surface Dose Rates
321

FIGURE-3.2.4-+NTENTIONALLY DELETED

Certificate of Compliance No. 1014
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Deleted OVERPAGKAverage-Surface-DeseRates |
’ 323

32 SFSC-RADIATIONPROTECHON Deleted. -~~~ |
323 @

LCO 323

Certificate of Compliance No. 1014
Appendix A 3231
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Delsted OYERPAEK-Average-Surface-DeseRates |
323

Certificate of Compliance No. 1014
Appendix A 3.23-2



OVERPACK Average Surface Dose Rates
323

Certificate of Compliance No. 1014
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Boron Concentration
3.3.1

3.3 SFSC CRITICALITY CONTROL

3.3. 1 Boron Concentratnon

LCO 3.3.1

As reqmred 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 arraylclass and

, classn" cation to be stored in the MPC

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 7

credltand<50\nrt%”5u 2400 ppmb

MPC-24E or MPC-24EF {all INTACT FUEL ASSEMBLIES) withone
.or more fuel assemblies having an initial enrichment greater than the -

value in Table 2.1-2 for no soluble boron credlt and <5, 0 wi% 23°U:
> 300 ppmb

Deleted. MPG-QE—vnﬂa—aH—fuel—assembhes—hawngdaﬂ-mma—enﬂchmen%

Deleted. M 5 : ies-havina-ani
ennehment*H—and*—S—G—w%%—*”u..;zsgg.ppmb

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 wi% 35U and < 5.0 wit% > U:

> 600 ppmb

MPC-32/32F: Minimum so!ubfé boron as required by the table below.

Fuel Assembly
ArmraylClass

All INTACT FUEL ASSEMBLIES -

~ One or more DAMAGED FUEL
ASSEMBLIES or FUEL DEBRIS

Initial Initial -~ Initial Initial -

Enrichment

<4.1wt% U

. (ppmb)

: Enﬁchmeni
<50wi% U .

(ppmb)

Enrichment
<4 1wth @@y

-{ppmb)

<50wit% U

“Enrichment

(ppmb)

14x14A/BICIDIE

1,300

1,900

1,500

- 2300

15x15A/BICIG

1,800

2,600 -

1,900

2,700

15x15DIEIFIH

1,900

2,600

2,100

2,900

16x16A

1,300 .

1,800

1,500

2,300

17x17A/BIC

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
NOTE
Separate Condition entry is allowed for each MPC.
CONDITION REQUIRED ACTION COMFLETION
A. Boron concentration not A.1 Suspend LOADING Immediately
within limit. OPERATIONS or
UNLOADING OPERATIONS.
AND \L
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 ef 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. L

Certificate of Compliance No. 1014
Appendix A 3.3.1-2



MPC Cavity Drying Limits

pressure shall be < 3 torr for > 30 mmutes

Table 3-1
Table 3-1
MPC Cavity Drying Limits (Note 1)
Fuel Burnup MPC Heat Load Mo isng:g%i:rfo val Other Requirements
(MWD/MTU) (kW) (Notes 2 and 3) (Notes 4 and §5)
All Assemblies < 45,000 <8 VDS or FHD None
~ KFVDS is used,
All Assemblies < 45,000 >%and< 10 VDS or FHD annulus water
recirculation is required
If VDS is used, fuel
cladding hoop stress
All Assemblies < 45,000 >9and< 17 VDS or FHD shall be shown by
analysis to be <90
7 MPa
All Assemblies < 45,000 > 17 and < 38 FHD None
One or more assemblies
> 45,000 <38 FHD None
Notes:
1. If the limits in two or more rows apply, the user may choose one set of limits to
implement. ,
VDS means Vacuum Drying System. The acceptance criterion for VDS is MPC cavity

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 < 22.9°F 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 “best estimate” inputs.

Certificate of Compliance No. 1014

_Appendix A
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MPC Helium Backfill ModeBependent-Limits

7 Table 3-42
Table 342
MPC Helium Backfill Model-Bependent-Limits’
MPC MODEL LIMITS
4—MPC-24/24E/24EF
_MPC-Cavity V. Brvina-P <3Horrfor>-30-mi
i. Cask Heat Load < 27.77 kW (MPC-24) 6:-1212+6/-18%g-moiesh
or < 28.17 kW (MPC-24E/EF) OoR
> 29.3 psig and < 33:348.8 psig
ii. Cask Heat Load > 27.77 kW (MPC-24) > 45.2 psig and < 48.8 psig
or > 28.17 kW (MPC-24E/EF)
2—MPC-68/68F/68FF
iy . ot ; _
i. Cask Heat Load < 28.19 kW 0.1218 +0/-10% g-moles/i
- OR
> 29.3 psig and < 33-348.8 psig
ii. Cask Heat Load > 28.19 kW A >45.2 psig and < 48.8 psig
3—MPC-32/32F _
— MPC-Gavity-V BryinaP < 3orrfor>-30-mi
- ; Pressure’ _
i. Cask Heat Load < 28.74 kW > 29.3 psig and < 33:348.8 psig
ii. Cask Heat Load > 28.74 kW > 45.2 psig and < 48.8 psig

-
E——

! Helium used for backfill of MPC shall have a purity of > 99.995%. Pressure range is ata
reference temperature of 70°F

Certificate of Compliance No. 1014
Appendix A 3.4-42



-

L

Programs
5.0

5.0 ADMINISTRATIVE CONTROLS AND PROGRAMS

The followmg programs shall be estabhshed lmplemented and maxntamed

5.1

52

53

54

' Deleted
,Deleted.
Deleted. | R
: Radloachve Efﬂuent Control P@gram | .
- :Th:s program lrnplements the requlrements of 10 CFR 72 44(d)
& - The HI-STORM 100 Cask System does ot 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 radloactrve efﬂuents from the SFSC

~ b This program mcludes an enwronmental monrtonng program Each genelal

license user may incorporate “SFSC operations into their environmental
monltonng programs for 10 CFR Part 50 operatlons

e An annual report shall be submrtted pursuant t0 10 CFR 72. 44(d)(3)

(continued)

Certificate of Compliance No. 1014 :
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Programs
5.0

ADMINISTRATIVE CONTROLS AND PROGRAMS

55

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 liiting
of the loaded TRANSFER CASK or OVERPACK using devices which are integral to
a structure govemned 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 undemeath
(i.e., on a rail car, heavy haul trailer, air pads, etc.).

Pursuantto 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 altemative
analyses shall be commensurate with the drop analyses described 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)

Certificate of Compliance No. 1014
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ADMINISTRATIVE CONTROLS AND PROGRAMS

Programs
5.0

55 Cask Transport Evaluation Program (oonhnued)

b.

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 lifting
device is designed in accordance w:th ANSI N14 6 and has redundant

_ drop protecuon features B

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 Complianoe No. 1014 as applicable.

For the transport of OVERPACKS to be anchored to the ISFSI pad the
followmg requxrements apply:

1.

Except as provided in 5.5.b.2, user shall deterrmne allowable
OVERPACKIift height limit(s) above the transport route surface(s) based
on site-specific transport route conditions. The lift heights shall be -

o determined by evaluation or analysis, based on limiting the d&ezgn 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 H!-STORM 100 FSAR.

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 [ifting device is designed in
?ooordanoe with ANSI N14.6 and has redundant drop protection
eatures

(continued)
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Programs

5.0
ADMINISTRATIVE CONTROLS AND PROGRAMS
55  Cask Transport Evaluation Program (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 Pemmitted
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 5.5.2.3 and 4

3. See Technical Specification 5.5.a.3.

Certificate of Compliance No. 1014
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.56

(continued) |
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Programs

ADMINISTRATIVE CONTROLS AND PROGRAMS

5.7 Radiation Protection ram

5.7.1

5.7.2

5.7.3

574

5.7.5

5.7.6

Each cask user shall ensure that the Part 50 radiation protection program appropriately
addresses dry storage cask loading and unloading, as well as ISFSI operations,
including transport of the loaded OVERPACK or TRANSFER CASK outside of facilities
govermned by 10 CFR Part 50. The radiation protection program shall include appropriats
controls for measuring dose rates, ensuring compliance with applicable regulations, and
implementing actions to maintain personnel occupational exposures As Low As
Reasonably Achievable (ALARA). This program provides a means fo help ensure that
licensees using the HI-STORM 100 System do niot violate the dose limits in 10 CFR72.
The actions and criteria to be included in the program are provided below.

As part of its evaluation pursuant to 10 CFR 72.212(b)(2)(i}(C), 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.

Based on the analysis performed pursuant to Section 56.7.2, the ficensee 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 limits shall
be established at the folfowing focations:

a. The top of the TRANSFER CASK and the OVERPACK.
b. The side of the TRANSFER CASK and OVERPACK
c. The average of the inlet and outlet ducts on the OVERPACK

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.

If the measured average surface dose rates exceed the limits established in Section
5.7.3, the licensee shall:

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.

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 fo ensure the
dose limits are not exceeded.

Certificate of Compliance No. 1014
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Programs
50

/ ADMINISTRATIVE CONTROLS AND PROGRAMS

6.7  Radiation Protection Program (cont'd)

5.7.7 TRANSFER CASK and OVERPACK surface dose rates shall be measured at
approximately the following locations:

5.7.8

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 ebove and
below the mid-height plane, respectively. 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 wafer
Jacket.

A minimum of four (4) TRANSFER CASK top lid dose rates shall be measured
&t 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 circurnference
of the top Iid.

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 shalf
be taken approximately at the cask mid-height plane, 90 degrees apart around
the circurnference 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.

A minimum of five (5) dose rate measurements shall be taken on the top of the
OVERPACK. One dose rate measurement shall be taken at approximately the
center of the lid and four measurements shall be taken &t locations on the top
cornicrete shield, approximately half way between the center and the edge of the
top shield, 90 degrees apart around the circumference of the lid.

A dose rate measurement shall be taken on confact at the surface of each inlet
and outlet vent duct screen.: '

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.

Certificate of Compliance No. 1014
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 APPENDIX B

APPROVED CONTENTS AND DESIGN FEATURES

FOR THE HI-STORM 100 CASK SYSTEM



1.0 Definitions

Definitions
1.0

NOTE——

The defined terms of this section appear in caprtaltzed type and are applicable throughout these

Technical Specifications and Bases.-

Tem

CASK TRANSFER FACILlTY
(CTF)

DAMAGED FUEL ASSEMBLY

DAMAGED FUEL CONTAINER

(DFC)

FUEL DEBRIS

Defi n‘itit‘)n N

:  The CASK TRANSFER FACILITY includes the followmg
- components and equipment: (1) a Cask Transfer Structure

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 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

,oonsndered FUEL DEBRIS. -

DFCs are Speclally designed enclosures for

DAMAGED FUEL ASSEMBLIES or FUEL DEBRIS which
permit gaseous and liquid media to escape while

‘minimizing dispersal of gross particulates. DFCs

authonzed for use in the HI-STORM 100 System are as
follows: :

- o Holtec Dresden Unit 1/Humboldt Bay design

2. Transnuclear Dresden Unit 1 design

| 3 Holtec Genenc BWR design
" 4 Holtec Genenc 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

- :fue! claddlng damage.

Certificate of Compliance No. 1014
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1.0 Definitions (continued)

Definitions
1.0

INTACT FUEL ASSEMBLY

LOADING OPERATIONS

MINIMUM ENRICHMENT

MULTI-PURPOSE CANISTER
(MPC)

NON-FUEL HARDWARE

OVERPACK

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 cenfinement 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.

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.

Certificate of Compliance No. 1014
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1.0 Definitions (continued)

Definitions
1.0

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 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 fue! assemblies when it is being
moved to and from the ISFSL 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 fonger
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 or TRANSFER CASKis nolonger suspended
from or secured on the transporter and end when the last
fuel assembly is removed from the SFSC. UNLOADING
OPERATIONS does notinclude MPC transfer betweenthe
TRANSFER CASK and the OVERPACK.

ZR means any zirconium-based fuel cladding material
authorized for use in a commercial nuclear power plant
reactor.

Certificate of Compliance No. 1014
Appendix B



Approved Contents

20
N~ 20 APPROVED CONTENTS
2.1 Fuel Specifications and Loading Conditions
2.1.1 Fuel To Be Siored 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 iab!es may be stored in the HI-STORM 100
SFSC System. _
- b. For MPCs partially loaded with staxnless steel clad fuel assembhes all
‘remaining fuel assemblies in the MPC shall meet the dewy heat generation
limit for the stamless steel clad fuel assembhes .
. c. ] s :
d. For MPCs partlatly loaded with aneylclass 6x6A GXGB GXGC 7x7A or8x8A
fuel assemblies, all remaining Zircaley-{er-other-ealioy-of zirconium) ZR clad
o ~ INTACT FUEL ASSEMBLIES in the MPC shall meet the decay heat
N/ generation hmlts for the 6x6A, GxSB GXBC 7x7A and 8x8Afuel assembhes
e. All BWR fuel assembhes may be stored thh or mthout Zweeioy—(or—oﬂaef
’ : ZR channels with the exception of array/class 10x10D
and - 10x10E fuel assemblies, which may be stored with or thhout
ZirealoyZR or stainless steel channels ,
2.1.2 Uniform Fuel Loadin o
| Any aufhdnzéd fuel assembly méj besfored in eny fdel ceII; Iocatloh 'subject to
. other restrictions related to DAMAGED FUEL, FUEL DEBRIS, and NON-FUEL
HARDWARE spec:ﬁed in the CoC Preferenﬁal—fuel—badmg—shaﬂ-be—used—dunng
-(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 Zircaloy-{orother-alteyof zirconium) 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 burnup,
decay heat, and cooling time limits for regionalized loading are specified in Section
2.4.2. Tables-2:1-6-and-2-1-F. 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 afternatives 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.

! 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. :

Certificate of Compliance No. 1014
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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 altematives 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 foliowing requirements:

2.3.3.1

2332

2333

~~FaNeQAP DT

The proposed éhange must not significantly decrease eny safety
margins as described in the HI-STORM 100 System FSAR, as updated.

- 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:

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 o
PWR Guide/instrument Tube Thrckness
BWR Water Rod Thickness

- BWR Channel Thickness

- The proposed change must be requ:red to meet a compelling user need

whereby using the normal certificate amendment process is not
pract:ca! .
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Approved Contents ,
2.0 L

Table 2.1-1 (page 1 of 339) |
Fuel Assembly Limits

. 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: Zrealey-(Zr) ZR or Stainless Steel (SS) |
as specified in Table 2.1-2 for the
applicable fuel assembly amray/class.
b. Initial Enrichment: As specified in Table 2.1-2 for the
applicable fuel assembly amray/class.
c. Post-irradiation Cooling Time \L
and Average Burnup Per
Assembly:
i. Amray/Classes Cooling time > 8 years and an average
14x14D,14x14E, and 15x15G bumup < 40,000 MWD/MTU.
ii. All Other Armay/Classes Cooling time and average bumup as
specified in Section 2.4. Tables-2:-t-4-or |
246 |
iii. NON-FUEL HARDWARE As specified in Table 2.1-8.

Certificate of Compliance No. 1014
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Approved Contents
20

Table 2.1-1 (page 2 of 339) |
Fuel Assembly Limits

. MPC MODEL: MPC-24 (continued)

A. Allowable Contents (continued)

d; JDecay Heat Per Assembly:~ - ,7

i. Amay/Classes 14x14D, - <710 Watis
- .14x14E, and 15x15G

i Al Other AnaleIaSses ' As specified in Section 2.4. Tables2:1+5 |

e. Fuel Aséerhbly Length: <176.8 inéhes (ﬁominal design) |
f. Fuel Assembly Width: o < 8.54 inches (nominal design)
g. Fuel Assembly Weightt - < 1,680 Ibs (including NON-FUEL
. HARDWARE)

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, water displacement guide
‘ tube plugs, er 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 3 of 339) |
Fuel Assembly Limits

il. MPC MODEL: MPC-68

A. Allowable Contents

1.

Certificate of Compliance No. 1014

Appendix B

Uranium oxide, BWR INTACT FUEL ASSEMBLIES listed in Table 2.1-3, with or
without channels, and meeting the following specifications:

. Cladding Type: Zirealoy{Zr) ZR or Stainless Steel (SS) as |

specified in Table 2.1-3 for the applicable
fuel assembly array/class.

. Maximum PLANAR-AVERAGE As specified in Table 2.1-3 for the applicable
INITIAL ENRICHMENT: fuel assembly array/class.
. Initial Maximum Rod As specified in Table 2.1-3 for the applicable
Enrichment: fuel assembly array/class. \L

. Post-irradiation Cooling Time and

Average Burnup Per Assembly:

i. Array/Classes 6x6A, 6x6C, Cooling time > 18 years and an average

7x7A, and 8x8A: burnup < 30,000 MWD/MTU
ii. Array/Class 8x8F Cooling time > 10 years and an average
bumup < 27,500 MWD/MTU.
iii. Array/Classes 10x10D and Cooling time > 10 years and an average
10x10E , burnup < 22,500 MWD/MTU.
iv. All Other Array/Classes As specified in Section 2.4. Fables-2-1-4-or |
2-1-6: |

2-10



Approved Contents

20
Table 2.1-1 (page 4 of 339)
Fue! Assembly Limits
Il. MPC MODEL: MPC-68 (continued)
A. Allowable Contents (continued)
e Dewy 'Heat Per Assembly:
“i. Amay/Classes 6x6A, 6x6C, <115 Watts
7x7A, and 8xBA
il Amay/Class8x8F - <183.5Watts.
lii. Array/Classes 10x10Dand <95 Watls
10x10E : 7
iv. All Other Array/Classes As specified in Section 2.4. Tebles2-4-5-or
f. Fuel Assemblylength: < 176.5 inches (nominal design)
g. Fuel Assembly Width:© °  <5.85 inches (nominal design)
h. :Fuel Assembly Weight: 7 - <700 Ibs, ihcluding channels

Certificate of Compliance No. 1014
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Table 2.1-1 (page 5 of 339) |
Fuel Assembly Limits

Il. MPC MODEL: MPC-68 (continued)
A. Allowable Contents (continued)

2. Uranium oxids, 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: Zirealoy-{Zr) ZR or Stainless Steel (SS) as |
specified in Table 2.1-3 for the applicable
fuel assembly array/class.

b. Maximum PLANAR-AVERAGE

INITIAL ENRICHMENT:
i. Array/Classes 6x6A, 6x6C, As specified in Table 2.1-3 for the applicable
7x7A, and 8x8A fuel assembly array/class. \L
ii. All Other Array/Classes 4.0 wt% 25U
specified in Table 2.1-3
c. Initial Maximum Rod | As specified in Table 2.1-3 for the applicable
Enrichment: fuel assembly array/class.

d. Post-irradiation Cooling Time and
Average Burmnup Per Assembly:

i. Array/Classes 6x6A, 6x6C, Cooling time > 18 years and an average
7x7A,and 8x8A burnup < 30,000 MWD/MTU.
ii. Array/Class 8x8F Cooling time > 10 years and an average
burnup < 27,500 MWD/MTU.
iii. Array/Classes 10x10D and Cooling time > 10 years and an average
10x10E burnup < 22,500 MWD/MTU.
iv. All Other Array Classes As specified in Section 2.4. Tables2-44or
2:1+6-

Certificate of Compliance No. 1014
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2.0
Table 2.1-1 (page 6 of 339) .
Fuel Assembly Limlts
I MPC MODEL: MPC-GB (contmued)
A. Allowable Contents (continued)
e. Decay Heat Per Assembly: ‘
“i. = Armray/Class 6x6A, sxsc TX7TA,  <115Watts
- and 8xBA o :
i. Amay/Class 8xBF <183.5 Watts
fi. Amay/Classes 10x10D&nd <95 Watts
10x10E
iv. Al Oiher.ArrayICIaSSes | As specified in Section 2.4. Febles2-+-5-or

247
f. Fuel Assembly Length

i. Armray/Class 6x6A, 6x6C, 7x7A, <135.0 inches (nominal design):
or 8xBA

ii. All Other Array/Classes ~ <176.5 inches (nomina! design)
g. Fuel Assembly Width: . o

i. Armay/Class 6x6A, GXGC 7x7A, | < 4.70 inches (nominal design)
or 8x8A , - e

i. - AllOther Array/Classes -~ < 5.85 inches (nominal design) -
h. Fuel Assembly Weight:

i Amay/Class 6x6A, 6x6C, TxTA, < 550 Ibs, including channels and DFC
or 8x8A

i. All Other ArrayIClasses <700 Ibs, inclhding éhannels and DFC

Certiﬁczte‘of Compliance No. 1014
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Table 2.1-1 (page 7 of 339)
Fuel Assembly Limits

Il. 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 ammay/class 6x6B, and meet the
following specifications:

a. Cladding Type: Zirealoy-{Zr) ZR

b. Maximum PLANAR- As specified in Table 2.1-3 for fuel
AVERAGE INITIAL assembly array/class 6x6B.
ENRICHMENT:

c. Initial Maximum Rod As specified in Table 2.1-3 for fuel
Enrichment: assembly array/class 6x6B.

d. Post-irradiation Cooling Time Cooling time > 18 years and an average

and Average Bumup Per bumup < 30,000 MWD/MTIHM.
Assembly:
e. Decay Heat Per Assembly: <115 Waltts
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
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Table 2.1-1 (page 8 of 339)
Fuel Assembly Limits

. 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 armray/class 6x6B, and meet the following specifications:

a.Cladding Type: = Zircaloy(Z) ZR

b. Maximum PLANAR-AVERAGE As specified in Table 2.1-3 for array/class
INITIAL ENRICHMENT: 6x6B.

c. Initial Maximum Rod ~ As specified in Table 2.1f-3:fo‘r array/class

Enrichment: . 6xBB.

d. Post-irradiation Cooling Time . . Cooling time > 18 years and an average

and Average Bummup Per " bumup < 30,000 MWD/MTIHM.
. Assembly: FERRE :
e. Decay Heat Per Assembly: <115 Watts o 7
f. Fuel Assembly Length: -+ . <135.0 inches (nominal design)
o.Fuel Assembly Width: < 4.70 inches (nominal design)
h. Fuel Assembly Weight: . < 550 Ibs, including channels and DFC

Certificate of Compliance No. 1014
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Table 2.1-1 (page 9 of 339)
Fuel Assembly Limits

Il. MPC MODEL: MPC-68 (continued)

A. Allowable Contents (continued)

5. Thoria rods (ThO, and UO,) 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 Bumnup Per Thoria
Rod Canister:

f. Initial Heavy Metal Weight:
g. Fuel Cladding O.D.:

h. Fuel Cladding 1.D.:

i. Fuel Pellet O.D.:

j- Active Fuel Length:

k. Canister Weight:

Certificate of Compliance No. 1014

Zirealoy-(2r) ZR

98.2 wt.% ThO,, 1.8 wt. % UO, with an
enrichment of 93.5 wt. % 25U.

<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 [bs, including fuel
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Table 2.1-1 {page 10 of 339)
Fuel Assembly Limits

II. MPC MODEL: MPC-68 (continued)
B. Quantity per MPC:
1. Uptoone (1) Dresden Unit 1 Thona Rod Camster

2. Up to 68 anayldass GXGA GXGB 6x6C, 7x7A, or 8x8A DAMAGED FUEL
ASSEMBLIES ln DAMAGED FUEL CONTAlNERS

3. Uptosixieen (16) other BWR DAMAGED FUEL ASSEMBLIES in DAMAGED FUEL
CONTAINERS in fuel storage locatlons1 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 uptoa fotal of 68.

C. Amay/Class 10x10D and 10x10E fue! assemblies in stainless steel channels must be
stored in fuel storage locations 19 - 22, 28 - 31, 38 -41, and/or 47 - 50.

D. Dresden Umt 1 fuel assemblies thh one Anhmony-Berthum 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;forrloading in the MPC-68.

Certificate of Compliance No. 1014
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Table 2.1-1 (page 11 of 339)
Fuel Assembly Limits

. MPC MODEL: MPC-68F
A. Allowable Contents

1.  Uranium oxide, BWR INTACT FUEL ASSEMBLIES, with or without Zirealoy
Zr) 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 8xBA, and meet the following specifications:

a. Cladding Type: Zirealoy(Zr) 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 < 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
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Table 2.1-1 (page 12 of 339)
" Fue! Assembly Limits -

ifl. MPC MODEL: MPC-68F (continued)
A. Allowable Contents (continued)

2 Uranium oxide, BWR DAMAGED FUEL ASSEMBLlES with or without Zireatey

&) ZR channels, placed in DAMAGED FUEL CONTAINERS. Uranium oxide

' BWR DAMAGED FUEL ASSEMBLIES shall meet the criteria specifiedin Table

2.1-3 for fuel assembly armray/class 6x6A. 6x6C, 7x7A or 8x8A and meet the
following specifications:

a. Cladding Type - drealoy(Zr) ZR o

b. Maximum PLANAR-AVERAGE As specified in Table 2.1-3 for the
INITIAL ENRICHMENT: . appllcable fuel assembly array/class.

c. Initial Maxnmum Rod ' As spemf ed in Table 2.1-3 for the
Enrichment: - applicable fuel assembly array/class.

d. Post-radiation Cooling Time Cooling time > 18 years and an average
and Average Bumup Per . - burmup < 30,000 MWD/MTU.
Assembly: . . o

e. Decay Heat Per Assembly < 115 Watts

f. FuelAssemblylength: . <135.0 inches (nominal design)

g. Fuel Assembly Width: s < 4.70 inches (nominal design)

h

. Fuel Assembly Weight: < 550 Ibs, including channels and DFC

Certificate of Compliance No. 1014
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Table 2.1-1 (page 13 of 339)
Fuel Assembly Limits

. MPC MODEL: MPC-68F (continued)

A. Allowable Contents (continued)

3. Uraniumoxide, BWR FUEL DEBRIS, with or without Zirealey-{Zr) ZR channels,
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 for fuel assembly array/class 6x6A, 6x6C, 7x7A, or 8x8A, and meet

the following specifications:
a. Cladding Type:

b. Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

¢ Initial Maximum Rod
Enrichment:

d. Post-irradiation Cooling Time
and Average Bumup Per
Assembly

e. Decay Heat Per Assembly

f. Orginal Fuel Assembly Length
g. Original Fuel Assembly Width
h. Fuel Debris Weight

Certificate of Compliance No. 1014
Appendix B

Zirealoy-2r) ZR

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 Waits .

< 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 14 of 339)
Fue! Assembly Limits

lil. MPC MODEL: MPC-68F (continued)
A. Allowable Contents (continued)

4. Mixed oxide (MOX), BWR INTACT FUEL ASSEMBLIES WIth or w:thout
Arealey—{Zr) ZR channels.- MOX BWR INTACT FUEL ASSEMBLIES shall
- meet the criteria specified in Table 2.1-3 for fuel assembly arraylclass 6x6B,
and meet the following speclﬁcatlons

a. Cladding Type: - Hirealoy(Z) ZR

b. Maximum PLANAR- As specified in Table 2.1-3 for fuel
AVERAGE INITIAL .- assembly array/class 6x6B.
ENRICHMENT: = SR

c. Initial Maximum Rod As specified in Table 2.1-3 for fuel

~ Enrichment: _‘ assembly array/class 6x6B.

7' d Post-irradiation Cooling Time Cooling time > 18 years and an average

"and Average Bumup Per -~ bumup < 30,000 MWD/MTIHM.
Assembly: — . - : ' :
e. Decay HeatPer Assembly =~ <115 Watts
f. Fuel Assembly Length: 7' i < 135. 0 lnches (nomlnal deslgn)
g. Fuel Assembly Width: » < 4.70 inches (nominal design)

h. Fuel Assembly Weight: <400 Ibs, including channels

Certificate of Compliance No. 1014
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Table 2.1-1 (page 15 of 339)
Fuel Assembly Limits

. MPC MODEL: MPC-68F (continued)
A. Allowable Contents (continued)

5. Mixed oxide (MOX), BWR DAMAGED FUEL ASSEMBLIES, with or without
Zirealoy-Zr) 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: Zircaley(Zr) ZR

b. Maximum PLANAR-AVERAGE As specified in Table 2.1-3 for fuel
INITIAL ENRICHMENT: assembly array/class 6x6B.

c. Initial Maximum Rod As specified in Table 2.1-3 for fuel
Enrichment: assembly array/class 6x6B.

d. Post-irradiation Cdoling Time Cooling time > 18 years and an average
and Average Bumup Per bumup < 30,000 MWD/MTIHM.
Assembly:

e. Decay Heat Per Assembly <115 Watts

f. Fuel Assembly Length: <135.0 inches (norﬁinal design)

g. Fuel Assembly Width: < 4.70 inches (nominal design)

h. Fuel Assembly Weight: < 550 Ibs, including channels and DFC

Certificate of Compliance No. 1014
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Table 2.1-1 (page 16 of 339) |
Fuel Assembly Limits

. MPC MODEL: MPC-68F (cont:nued)
A. Allowable Contents (continued)

6. Mixed Oxide (MOX), BWR FUEL DEBRIS, with or without Zirealey-(Zr) 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 amray/class 6x6B, and meet the following

specifications: 7 |
a. Claddi,ngvape: - | : Zireatey-{Zr) ZR S |
b. Maximum PLANAR-AVERAGE | As specified in Table 2.1-3 for original
INITIAL ENRICHMENT: - fuel assembly array/class 6x6B.
\_/ c. Initial Maximum Rod - ; o As speciﬁied. in”'Tablé‘ 21-3 for original

Enrichment: o fuel assembly amay/class 6x6B.

d. Post-irradiation Cooling Time ~ Cooling time > 18 years and an average

and Average Bumup Per burmnup < 30,000 MWD/MTIHM for the
Assembly: _original fuel assembly. =~
e. Decay Heat Per Assembly = <115 Watts

f. Original Fuel Assembly Length: = < 135.0 inches (nomina! design)
g. Original Fuel Assembly Width: < 4.70 inches (nominal design)

h. Fuel Debris Weight: < 550 Ibs, including channels and DFC

— Certificate of Compliance No. 1014
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Table 2.1-1 (page 17 of 339)
Fuel Assembly Limits

. MPC MODEL: MPC-68F (continued)

A. Allowable Contents (continued)

7. Thoria rods (ThO, and UO,) 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-iradiation Fuel Cooling
Time and Average Bumup Per
Thoria Rod Canister:

f. Initial Heavy Metal Weight:
g. Fuel Cladding O.D.:

h. Fuel Cladding 1.D.:

i. Fuel Pellet O.D.:

j. Active Fuel Length:

k. Canister Weight:

Certificate of Compliance No. 1014

Zirealey-(2r) ZR
98.2 wt.% ThO,, 1.8 wt. % UO, with an
enrichment of 93.5 wt. % Z5U.

<18

<115 Watts

A fuel post-irradiation cooling time > 18
years and an average burnup < 16,000
MWD/MTIHM.

< 27 kg/canister
>0.412 inches

<0.362 inches

< 0.358 inches

<111 inches

< 550 Ibs, including fuel
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Table 2.1-1 (page 18 of 339)
Fuel Assembly Limits

lil. MPC MODEL: MPC-68F (contmued)

B. Quantity per MPC (up to a total of 68 assemblies):
(All fuel assemblles must be arraylclass 6x6A, BxGB GXGC 7x7A or 8x8A)

Up to four (4) DFCs contammg uranium oxide BWR FUEL DEBRlS or MOX BWR
FUEL DEBRIS. The remaining MPC-68F fuel storage locations may be filled with
fuel assembhes of the followmg type. as applicable:

1. Uramum oxide BWR INTACT FUEL ASSEMBLIES;

MOX BWR INTACT FUEL ASSEMBLIES;

Uranium oxide BWR DAMAGED FUEL ASSEMBLIES placed in DFCs

> N

MOX BWR DAMAGED FUEL ASSEMBLIES placed in DFCs or
5. Upto one 1) Dresden Unit 1 Thoria Rod Canister. -~

C. Fuel assemblies with stalnless steel channels are not authonzed forloading in the
MPC-68F.

D. Dresden Unit 1 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 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 or without
NON-FUEL HARDWARE and meeting the following specifications (Note 1):

a. Cladding Type:

b.

C.

Initial Enrichment:

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

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.

Cooling time > 8 years and an average
burnup < 40,000 MWD/MTU.

As specified in Section 2.4. Tables-2:+-4-or
2-4-6:

As specified in Table 2.1-8.
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Table 2.1-1 (page 20 of 339)
Fuel Assembly Limits

IV. MPC MODEL: MPC-24E (continued)

A. Allowable Contents (continued)

» d. Decay Heat Per Assembly:

i. Amay/Classes 14x14D, ~ <710 Watts. .
14x14E,and 15x156¢6 =~ .=
ii. All other AnayICIésses ' specified in Section 2.4. Febles-2-4-5-er
e. ' Fue! Assembly Length: - <176.8 inches (nominai design)
f. Fuel Assembly Width: o < 8.54 inches (nominal design)
g. Fuel Assembly Weight: < 1,680 Ibs (including NON-FUEL
- , o . HARDWARE) - = =
—/
—/ Certificate of Compliance No. 1014
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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:

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

Zirealey2n) ZR or Stainless Steel (SS)

as specified in Table 2.1-2 for the

applicable fuel assembly array/class

<4:0-wid-">U: 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. Tables-2-1-4
or2:1+6:

As specified in Table 2.1-8.
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Table 2.1-1 (page 22 of 339)
Fuel Assembly Limits

IV. MPC MODEL: MPC-24E (continued)

A. Allowable Contents (continued)

Note 1:

d. Decay Heat Per Assembly

i. Array/Classes 14x14D, <710 Watls.
14x14E, and 15x15G

ii. All Other Array/Classes  As specified in Section 2.4. Fables-2:+-5

‘e. Fuel Assembly Length < 176.8 inches (nominal design)
f. Fuel Assembly Width . £8.54 inches (nominal design)
9. Fuel AssemblyWeight <1,680 Ibs (including NON-FUEL

HARDWARE and DFC)

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.

Neutron sources and FUEL DEBRIS is are not authorized for loading in the MPC-

24E. S . S

Fuel assemblies containing BPRAs, TPDs, WABAs, water displacement guide
tube plugs, er 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
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Table 2.1-1 (page 23 of 339)
Fuel Assembly Limits

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: Zirealey{Zr) ZR or Stainless Steel (SS)
as specified in Table 2.1-2 for the
applicable fuel assembly amray/class

b. Initial Enrichment: As specified in Table 2.1-2 for the

applicable fuel assembly amray/class.

¢. Post-irradiation Cooling Time
and Average Bumup Per

Assembly
i. Array/Classes 14x14D, Cooling time > 9 years and an average
14x14E, and 15x15G bumup < 30,000 MWD/MTU or cooling
time > 20 years and an average bumup <
40,000 MWD/MTU.
ii. All Other Array/Classes As specified in Section 2.4. Tables2-1-4
or2:+6:

iii. NON-FUEL HARDWARE As specified in Table 2.1-8.

Certificate of Compliance No. 1014
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Table 2.1-1 (page 24 of 339)
Fuel Assembly Limits -

V. MPC MODEL: MPC-32 (continued)

A. Allowable Contents (continued)

d.
" i. Amay/Classes 14x14D,

Decay Heat Per Assembly

14x14E, and 15x156G
ii. All Other Array/Classes
Fuel Assembly Length
Fuel Assembly Width

. Fuel As_sembly VWeight

Certificate of Compliance No. 1014

Appendix B

<500 Watts

~ As specified in Section 2.4. Tables-2:4-5

< 176.8 inches (nominal design)
< 8.54 inches (nominal design)

" < 1,680 Ibs (including NON-FUEL
HARDWARE)

231



Approved Contents
20

Table 2.1-1 (page 245 of 339)
Fuel Assembly Limits

V. MPC MODEL: MPC-32 (continued)
A. Alfowable 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: ZR or Stainless Steel (SS) as specified in
Table 2.1-2 for the applicable fuel
assembly aray/class

b. Initial Enrichment: As specified in Table 2.1-2 for the

applicable fuel assembly amray/class.

c. Post-irradiation Cooling Time
and Average Bumup Per

Assembly
i. Amay/Classes 14x14D, Cooling time > 8 years and an average
14x14E, and 15x15G bumup < 40,000 MWD/MTU.
ii. All Other Amray/Classes As specified in Section 2.4.

iii. NON-FUEL HARDWARE As specified in Table 2.1-8.

Certificate of Compliance No. 1014
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Table 2.1-1 (page 226 of 339)
Fue! Assembly Limits

V. MPC MODEL: MPC-32 (continued)

A. Allowable Contents (continued)

Note 1:

d. Decay Heat Per Assembly

i. Amay/Classes 14x14D, = <500 Watts.
14x14E and 15x15G

ii. All Other Anay/Classes As specified in Section 2.4.

e. Fuel Assembly Length . <176.8 inéhes »(nbmin'al design)
Fuel Assembly Width - < 8.54 inches (nominal design)
g. Fuel Assembly Weight < 1,680 Ibs (including NON-FUEL
HARDWARE and DFC)

Quantity per MPC: Up fo 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.

BAMAGEBF&E!:ASSEMBHES—&M Neutron sources and FUEL DEBRISarenot -
' authonzed for Ioadmg in the MPC—32 ‘

‘Fuel assemblies oontaining BPRAs, TPDs, WABAs, water displacement guide

tube plugs, er 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

Vvi. 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: Zirealey-{Zr) ZR or Stainless Steel (SS) as
specified in Table 2.1-3 for the applicable
fuel assembly array/class

b. Maximum PLANAR-AVERAGE As specified in Table 2.1-3 for the applicable
INITIAL ENRICHMENT: fuel assembly armray/class.

c. Initial Maximum Rod Enrichment As specified in Table 2.1-3 for the applicable
fuel assembly amray/class.

d. Post-irradiation Cooling Time and
Average Burnup Per Assembly

i. Amray/Classes 6x6A, 6x6B, Cooling time > 18 years and an average
6x6C, 7x7A, and 8x8A burnup < 30,000 MWD/MTU
(or MTU/MTIHM).
ii. Array/Class 8x8F Cooling time > 10 years and an average
burnup < 27,500 MWD/MTU.
iii. Array/Classes 10x10D and Cooling time > 10 years and an average
10x10E ~ burnup < 22,500 MWD/MTU.
iv. All Other Array/Classes As specified in Section 2.4. Fables-2-1-4-or
2-+6:

Certificate of Compliance No. 1014
Appendix B 2-34



Approved Contents

Table 2.1-1 (page 268 of 339)
Fuel Assembly Limits

2.0

VL. MPC MODEL: MPC-68FF (continued)
A. Allowable Contents (continued)

e. Decay Heat Per Assembly -
i. Amay/Classes 6x6A, 6X6b,
6x6C, 7x7A, and 8x8A
ii. Array/Class 8x8F

iii. Array/Classes 10x10D and
10x10E

iv. All Other Array/Classes
f. Fuel Assembly Length

i. Array/Class 6x6A, 6x6B,
6x6C, TXTA, or 8xBA

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 6xBA, 6x6B, 6x6C,

7xX7A, or 8x8A

ii. All Other Array/Classes

Certificate of Compliance No. 1014
Appendix B

<115 Watts

- <£183.5 Walts

<95 Waltts

As specified in Section 2.4. Fables-2-+-5-er

< 135.0 inches (nominal design)

< 176.5 inches (nominal design)

<4.70 inches (nominal design)

. <5.85 inches (nominal design)

< 5504vlbs, including channels endBFE

. £700 Ibs, including channels and-BFE
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Table 2.1-1 (page 279 of 339) |
Fuel Assembly Limits

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:

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

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 10x10D and

10x10E

iv.  All Other Array/Classes

Certificate of Compliance No. 1014
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Zircaley-{Zr) ZR or Stainless Steel (SS) in |
accordance with 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. : \L

<4.0 wt.% #%U.

As specified in Table 2.1-3 for the applicable
fuel assembly array/class.

Cooling time > 18 years and an average
burnup < 30,000 MWD/MTU
(or MWD/MTIHM).

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. Fables-2-t-4-er |
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Table 2.1-1 (page 28 30 of 339)
Fue! Assembly Limits

2.0

Vi. MPC MODEL: MPC-68FF (continued)
A. Allowabfe Contents (continued)
' e'.‘ De’cay} Heat Per Assembly

i. Armay/Class 6x6A, 6x6B, 6x6C,
7X7A, or 8x8A

§i.  Amay/Class 8x8F

i. Array/Classes 10x10D and
10x10E

iv. All Other Amray/Classes

f. Fuel Assembly Length

ArrayICIass 6x6A, GXGB SXSC,'V

Tx7A, or 8x8A

ii. Al Other ArrayICIasses
g. Fuel Assembly Width

i. Armay/Class 6x6A, 6x6B, 6x6C,
TX7A, or 8x8A

i. All Other Array/Classes
h. Fuel Assembly Weight

i. Armay/Class 6x6A, 6x6B, 6x6C,
7x7A, or 8x8A

ii. All Other Array/Classes

Certificate of Compliance No. 1014
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<115 Watts”

< 183. 5 Watts
- <85 Watts

- As specified in Section 2.4. ¥ebles-2-+-5-or

247

'<135.0 inches (nominal design)

< 176.5 inches (nominal design)

<4.70 inches (nominal design)

< 5.85 inches (nominal design)

< 550 Ibs, including channels and DFC

<700 Ibs, including channels and DFC
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Table 2.1-1 (page 29 31 of 339)
Fuel Assembly limits

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.

For all other amray/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. MOXBWR 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 10x10D 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.

Certificate of Compliance No. 1014
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Table 2.1-1 (page 362 of 339)
Fuel Assembly Limits

vil. MPC MODEL: MPC-24EF
A. Allowable Contents

1. Uranium oxide, PWR INTACT FUEL ASSEMBLIES listed in Table 2.4-2, with or without
NON-FUEL HARDWARE and meeting the following specifications (Note 1):

a. Cladding Type: - Zirealoy-{Zr) ZR or Stainless Steel (SS) as
specified in Table 2.1-2 for the appllcable
fuel assembly array/class

b. Initial Enrichment: ..~ . . As specified in Table 2.1-2 for the applicable
fuel assembly arraylclass

c. Post-iradiation Cooling Time and

Average Bumup Per Assembly:
i. Array/Classes 14x14D, 14x14E, Cooling time > 8 years and an average
and 15x16G burnup < 40,000 MWD/MTU.
ii. All Other Array/Classes As specified in Section 2.4. Tebles2-14-or
24-6:

iii. NON-FUEL HARDWARE As specified in Table 2.1-8.

Certificate of Compliance No. 1014
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Table 2.1-1 (page 313 of 339) |
Fuel Assembly Limits

Vil. MPC MODEL: MPC-24EF (continued)

A. Allowable Contents (continued)

d. Decay Heat Per Assembly:

i. Amay/Classes 14x14D, <710 Watts.
14x14E, and 15x15G
ii. All other Array/Classes As specified in Section 2.4. Fables-2-+5or
2+
e. Fuel Assembly Length: < 176.8 inches (nominal design)
f. Fuel Assembly Width: < 8.54 inches (nominal design)
g. Fuel Assembly Weight: < 1,680 Ibs (including NON-FUEL :
HARDWARE) \j/

Certificate of Compliance No. 1014
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Table 2.1-1 (page 324 of 339) |
Fuel Assembly Limits

VI MPC MODEL: MPC-24EF (oontlnued)
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: Zirealoy-(Zr) ZR or Stainless Steel (SS) |
o - - - . as specified in Table 2.1-2 for the
applicable fuel assembly array/class

b. Initial Enric':hmenvt:' o | <48wiS™Y. As specified in Table |
U 2.1-2 for the applicable fuel assembly |
: : , . amay/class. |

c¢. Post-irradiation Cooling Time
and Average Bumup Per
Assembly'
~ .. Cooling time > 8 years and an average
. i. ArraleIasses 14x1 4D A ibumup <40, 000 MWD/MTU. -~
"14x14E, and 15x16G =
: : : S '*Asspecrfedeectlon24¥ab!es—2—1-4 |
ii. All Other Array/Classes or-2-1-6: |

iii. NON-FUEL HARDWARE ~ As specified in Table 2.1-8.

/
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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, <710 Watts.
14x14E, and 15x15G

ii. All Other Ammay/Classes As specified in Section 2.4. Tables-2-1+5

orZ2t++
e. Fuel Assembly Length < 176.8 inches (nominal design)
f. Fuel Assembly Width < 8.54 inches (nominal design)
g. Fuel Assembly Weight < 1,680 Ibs (including NON-FUEL
HARDWARE and DFC)

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 authorized 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 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 36 of 39)
Fuel Assembly Limits

Vill. MPC MODEL: MPC-32F

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

T - assembly array/class

As specified in Table 2.1-2 for the
applicable fuel assembly amay/class.

c. Post-irradiation Cooling Time ~ -

and Average Bumup Per
Assembly:

i. Armay/Classes 14x14D,
14x14E, and 15x15G

ii. All Other Amay/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 37 of 39)
Fuel Assembly Limits

Vill. MPC MODEL: MPC-32F (cont'd)

A. Allowable Contents (cont'd)

d. Decay Heat Per Assembly

i. Array/Classes 14x14D, < 500 Watts.
14x14E, and 15x15G

ii. All Other Array/Classes As specified in Section 2.4.

e. Fuel Assembly Length < 176.8 inches (nominal design)

f. Fuel Assembly Width < 8.54 inches (nominal design)

g. Fuel Assembly Weight < 1,680 Ibs (including NON-FUEL
HARDWARE)

— — ~— — S T, T T, Teae, T——.
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Table 2.1-1 (page 38 of 39)
Fuel Assembly Limits

Vill. MPC MODEL: MPC-32F (contd)
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. Claddihg; Typé: - " _' 7‘ ZR or Stainless Steel (SS) as specified in
- ‘ - - Table 2.1-2 for the applicable fuel
 assembly array/class
b. Initial Enrichment: - 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. An"ay/Classes 14x14D, - Cooling time > 8 yéars and an average
14x14E,_and 15x15G bumnmup < 40,000 MWD/MTU.
ii. All Other Array/Classes As specified in Section 2.4.

ii. NON-FUEL HARDWARE . -~ As specified in Table 2.1-8.
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Table 2.1-1 (page 39 of 39)
Fuel Assembly Limits

Vill. MPC MODEL: MPC-32F (contd)

A. Allowable Contents (cont'd)

d. Decay Heat Per Assembly

i. Amay/Classes 14x14D, < 500 Watts.
14x14E, and 15x15G

ii. All Other Array/Classes As specified in Section 2.4.

e. Fuel Assembly Length < 176.8 inches (nominal design)

f. Fuel Assembly Width < 8.54 inches (nominal design)

g. Fuel Assembly Weight < 1,680 Ibs (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.

— — — —— — — —— o —~— — Sy, S, M, T, Sy, ",  S— — — — ———

C. Neutron Sources are not authorized for loading in the MPC-32F.

Note 1: Fuel assemblies containing BPRAs, TPDs, WABAs, water displacement guids

: 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 2.1-2 (page 1 of 4)
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)
° “e';‘g;‘zs“b'y 14x14A 14x14B 14x14C 14x14D 14x14E
Clad Material 2 ZR Zr ZR 2¢ 7R ss ss
33;95';;";“&'0% " <407 365 <4oR 412 <425 438 <400 <206
initial Enrichment R : : B -
(MPC-24, 24E and <4.6(24) <4.6(24) <4.6(24) <4.0(24) <5.0(24)
24EF without soluble . ,
boron credit) <50 <5.0 <50 <50 <50
(Wt % Z5U) (24ER24EF) (24E/24EF) (24E/24EF) (24E/24EF) (24ER4EF)
(Note 7) R = ; E
initial Enrichment -
(MPC-24, 24E, 24EF,
o e | s | s | s | s
see Notes 5 end-¥) : 7
(wt % =°U)
Ho. of Fuel Rod 179 Cire 176 - 180 173
' 5:‘;' Rod Clad 0.0. >0.400 20417 ' '>0440 | 30422 >03415
5:‘;' RodCladtD. - - <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 (in.) <0.556 <0556 | <0580 <0556 Note 6
a:‘;"e Fuel Length <150 <150 <150 <144 <102
pio. of Guide endlor 7 17 5 (Note 4) 16 0
Guide/Instrument - o - - - : -
Tube >0.017 >0017 >0.038 > 0.0145 N/A
Thickness (in.) : : : ) g :
Certificate of Compliance No. 1014
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Tabla 2.1-2 {page 2 of 4)
PWR FUEL ASSEMBLY CHARACTERISTICS (Nota 1)
Puel ;cs;"s':"" 15x15A 15x158 15x15¢C 15x15D 15x15E 15x15F
g‘la"l Mzai terial ZrZR 21 ZR 2 ZR 2rZR 2rZR 20ZR
Design Initial U
(kg/assy.) <464473 | <464473 | <sg4473 | <475495 | <475495 | <475495
(Note 3)
{nitial Enrichment
(MPC-24, 24E and <4.1(24) <4128 | <4124 | <a1@89 | <4129 | <4109
24EF without soluble
boron credit) <45 <45 <45 <45 <45 <45
(Wt % 2%U) (24ER24EF) | (24ER4EF) | (24E24EF) | (24EraeF) | (24Er24EF) | (24Er24EF)
(Note 7)
Initial Enrichment
(MPC-24, 24E, 24EF,
:g'm °': gze';:'_ﬂ;::'"b'e <5.0 <5.0 <50 <5.0 <5.0 <5.0
Notes 5 and-¥F)
(Wt % 2U)
Ho. of Fuel Rod 204 204 204 208 208 208
S:‘;' Rod Clad 0.D. > 0418 >0.420 >0.417 >0.430 >0.428 >0.428
g:‘;' Rod Clad 1.D. <0.3660 <0.3736 <0.3840 <0.3800 <0.3790 <0.3820
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
2:‘;"3':“8”-""9“‘ <150 <150 <150 <150 <150 <150
ﬁ‘;ﬁfgﬁﬁﬁ‘gﬂ 21 21 21 17 17 17
$:g‘;°¥;‘m’:;“: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

Array! Class 15x15G 15x15H | . 16x16A - 1Tx17A 17x17B $7x17C

Clad Material : BN
ss ZZR ZZR ZrZR ZrZR 2¢ ZR
{Nete 2)

Design Initial U :
(ko/assy.) =420
{ (Note 3)

Initial Enrichment ' o
(MPC-24, 24E, and < 4.0 (24) <3.8(24) <46 (24) <4.0(24) <4.0(24) <4.0 (24)
24EF without soluble - ) - o N o
boron credit) <45 <42 <50 <44 <44 <4.4
T W%y ) (24E/24EF) (24E/24EF) (24E/24EF) (24E/24EF) (24E/24EF) . (24E/24EF)

Initial Enrichment .
{(MPC-24, 24E, 24EF,
32, or 32F with ]
soluble boron credit - Sl - = b3 L.
see Notes 5 end-F)
(wt % =U)

No. of Fue! Rod

_/ Locations

oy 0 CRAOD 1 s042 | oan | oam >0380 | 20812 | 2037

<475495 | <443448 <467 433 | <457474 <4¥4 480

204 208 236 264 - 264 ‘ - 264

z:e)‘ RodClad1D. - | 3890 <0.3700 <0.3320 <0.3150 <0.3310 1203330

Fuel Pellet Dia. (in.) | '<0.3825 <0.3622. | - <0.3255 '<0.3088 | <0.3232 <0.3252
FuelRod Pitch (in) | <0.563 <0568 | <0506 | <0.496 . <0496 <0.502

(in ) o Fuel Length <144 <150 <150 5150 <150 "~ <150

No. of Guide and/or
Instrument Tubes

21 17 5 (Note 4) 25 25 25

Guide/instrument :
Tube >0.0145 >0.0140 >0.0400 >0.016 >0.014 >0.020
Thickness {in.) '

\_/

Certificate of Compliance No. 1014
Appendix B 2-49



Approved Contents
20

Table 2.1-2 (page 4 of 4)
PWR FUEL ASSEMBLY CHARACTERISTICS

Notes:

. 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.

3 Deleted.

. 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.

. Each guide tube replaces four fuel rods.
. Soluble boron concentration per LCO 3.3.1.

. This fuel assembly amray/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.

. 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.% Z°U.

Certificate of Compliance No. 1014
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Table 2.1-3 (page 1 of 5)
' BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Approved Contents

‘Fuel Assembly ) .o o S i " - ]
| Arrayiciass 6xBA 6x6B .~ BXEC 7xTA  7x1B BxSA
Clad Material : . .
Zr ZR ZeZR ZrZR ZZR ZrZR ZrZR
'Design Initial U : JP B ok 1c
(kgfaxsy.) (Note 3) <110 <110 <10 <100 <495 198 <120
Maximum PLANAR- - <2.7 forthe
AVERAGE INITIAL UO, rods.
ENRICHMENT <27 SesNoted | <27 <27 <42 <27
(W% 25U) : for MOX ; :
(Note 14) rods
Initial Maximum Rod ' ‘ g
Enrichment <4.0 <40 <40 <55 <50 <4.0
(W% 25U) : ~
No. of Fue! Rod | 350r36 (up ) E ' o
Locations ' 350r36 | to8MOX - 36 49 - 48 63 0or64
o : rods) : )
gx";' RodCladOD. | 05550 | >0.5625 | >05630 >04860 | >05630 | >0.4120
F‘r’f)' RodCladlD. | <os5105 | <049s5 | <0490 <04204 | <04990 | <0.3620
Fuel Pellet Dia. (in.) | <04980 | <0.4820 | <04880 <0.4110 <0.4910 | <0.3580
Fuel Rod Pitch (in.) <0.710 <0.710 <0740 | - <0.631 <0.738 <0.523
7‘3‘:")"3 Fuel Length <120 | <120 | <775 <80 <150 <120
No. of Watér Rods ' "
(Note 11) 1or0 1or0 0 0 0 for0
Water Rod : ' - on
Thickness (in) >0 >0 N/A N/A " N/A >0
g':‘g"“e' Thickness | < ¢ 050 <0060 | <0060 | <0.060 <0420 | <0.100
Certificate of Compliance No. 1014
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Table 2.1-3 (2 of 5)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly
AraylClass 8x88 8x8C 8x8D 8x8E 8x8F 9x9A
Clad Material

ZZR 20 ZR 20 ZR ZrZR 2 ZR ZZR
{Note-2)
Design Initial U
(kg/assy.) (Note 3) <43% 152 <194 190 <13+ 190 | <49% 190 <191 <¥+¢9 180
Maximum PLANAR-
AVERAGE INITIAL
ENRICHMENT <42 <42 <42 <42 <40 <42
(Wt.% 2U)
(Nots 14)
Initial Maximum Rod
Enrichment <5.0 <50 <5.0 <5.0 <50 <5.0
(Wt.% 22U) :
No. of Fuel Rod 74/66
No. o 63 or 64 62 60 or 61 59 64 (Note 5)
g:e; Rod Clad 0.D. > 0.4840 >0.4830 >04830 | >0.4930 >0.4576 > 0.4400
z:e)' Rod Clad L.D. <0.4295 <04250 | <04230 | <04250 | <0308 | <o0.3840
Fuel Pellet Dia. (in.) <0.4195 <0.4160 <0.4140 | <0.4160 <0.3913 <0.3760
Fuel Rod Pitch (in.) <0.642 <0.641 <0.640 <0.640 <0.609 <0.566
Design Active Fuel
Conean () <150 <150 <150 <150 <150 <150
No. of Water Rods 1-4 . N/A
(Nots 11) 1or0 2 (Note 7) 5 (Nots 12) 2
‘(’i‘ﬁe' Rod Thickness >0.034 >0.00 >0.00 >0.034 >0.0315 >0.00
Channel Thickness (in.) |  <0.120 <0.120 <0.120 <0.100 <0.055 <0.120
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: Table 2 1-3 (page 3of5)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)
Fuel Assembly . | 9x9E T
Array/Class 8x8B | 8xoC XD 1 Note13) | (Notet3) | €
Clad Material - . : a ‘
, ZZR ZZR ZZR ZZR #ZR ZZR
Design Initial U - . ' " '
(kglassy.) (Note 3) <479 180 <479 182 . <4¥9 182 <479 183 | <472 183 | <4¥9 164
Maximum PLANAR-
AVERAGE INITIAL ! :
ENRICHMENT <42 <42 <42 <40 <40 <42
(Wt% Z5U) ,
(Note 14) o
.| Initial Maximum Rod o ) ,
| Enrichment <50 <50 <50 <50 <50 <50
(Wt.% 2°U) .
No. of Fuel Rod o T ‘ '
pebelivehiny 72 80 o | 72
- ;““’i' Rod Clad O.D. - >0.4330 >04230 - | = >04240 >04170 | >04430 | >0.4240
2:3)' Rod Clad 1.D. <03810 | <0.3640 . | <0.3640 <0.3640 | <03860 | <0.3540
Fuel Pellet Dia. (in.) <0.3740 <03565 | & <0.3565 <03530 | <03745 | <0.3565
Fuel Rod Pitch (in.) - <0.572 . <0.572° T <0.572 <0572 | <0572 <0.572
Design Active Fuel '
Do <150 <150 <150 <150 <150 <150
No. of Water Rods 1
oo 113 1 (Note 6) 1 2 5 5 . (Note€)
‘("‘:f)‘e' Rod Thickness >0.00 >0.020 > 0.0300 200120 | 200120 | 200320
Channel Thickness (in) |  <0.120 <0.100 <0.100 <0.120 <0.120 <0.120
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Table 2.1-3 (page 4 of 5)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)
Fuel Assembly Array/Class 10x10A 10x10B 10x10C 10x10D 10x10E
Clad Material {Neote-2) ZrZR 2rZR Z+ZR ss ss |
Design Initial U (kg/assy.) (Nota 3) <188 <188 <488 179 <125 <125 |
Maximum PLANAR-AVERAGE INITIAL
ENRICHMENT
(W% 2U) <42 <4.2 <42 <4.0 <4.0
(Note 14)
Initial Maximum Rod Enrichment
(W% °U) <5.0 <5.0 <5.0 <50 <5.0
No. of Fuel Rod Locations 92/78 91/83
(Note 8) (Nots 9) 96 100 %
Fuel Rod Clad O.D. (in.) .| =>o0.4040 >0.3957 >0.3780 >0.3960 | >0.3940
Fuel Rod Clad L.D. (in.) <0.3520 <0.3480 <0.3294 <0.3560 <0.3500
Fuel Pellet Dia. (in.) <0.3455 <0.3420 <0.3224 < 0.3500 <0.3430 \J/
Fuel Rod Pitch (in.) <0.510 <0.510 <0.488 <0.565 <0.557
Design Active Fuel Length (in.) <150 <150 <150 <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 N/A >0.022
Channel Thickness (in.) <0.120 <0.120 <0.055 <0.080 <0.080
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Table 2.1-3 (page 5 of 5)
BWR FUEL ASSEMBLY CHARACTERISTICS

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.

o ® N O o

1.
- 12.

13.

14.

3 Deleted.

Design initial uranium weight is the nominal uranium weight specified for each assembly by the fuel

-manufacturer or reactor user. Foreach 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.

<0.635 wt. % 2°U and < 1.578 wt. % total ﬁssule plutonium (*°Pu and *'Pu), (wt. % of total fuel
welght, i.e., UO, plus Puoz)

This assembly class contains 74 total rods; 66 full length rods and 8 partial length rods.

Square, replacing nine fuel rods.

Variable.

'Th_is assembiy r:ontains 92 fotal fue! rods; 78 ft._rli length rods‘and 14 partial Ié.ngrh rods.

This assembly class contains 91 total fuel rods; 83 full length rods and 8 partial length rods.

One diamond-shaped water rod replacing the four center fuel rods and four rectangular water rods
dividing the assembly into four quadrants

These rods may also be sealed at both endé and contain Zr material in lieu of water.

This éssembly is known as “QUAD+.” It has four rectangular water cross segmehts dividing the
assembly into four quadrants.

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 1.D., and pellet diameter.

For those MPCs loaded with both INTACT FUEL ASSEMBLIES and DAMAGED FUEL
ASSEMBLIES or FUEL DEBRIS, the maximum PLANAR AVERAGE INITIAL ENRICHMENT forthe
INTACT FUEL ASSEMBLIES is limited to 3.7 wt.% #°U, as applicable.
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Tabls 2.1-4
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Table2.15 -
FUEL-ASSEMBLEY-COOHNG-AND-MAXIMUM-BEGAY-HEAT
- - {UNIFORM-FUELLOABING) -
Post- MPG-24 MPG-24ERM4EF

{yeers) ~ ASSEMBLIES) ASSEMBUES) ASSEMBLIESAND  ASSEMBLIES ASSEMBUIES-AND
. {Wetts) Wetts) FUEL-DEBRIS} (Watts) ASSEMBLIES) FUEL-DEBRIS)
{Watts) ) Wetts)
T~ 4423 4438 4081 873 894 374
=% 4638 4043 es4. 805 863 345
»8 4620 4633 o8+ - 808 ) 242
>0 1646 4023 e 84 858 840
»40 4600 10842 £62 789 855 837
>4 896 4608 858 ¥es 853 836
12 892 4054 854 Fe2 352 334
14 883 895 845 ¥63 848 334
>45 ] £9¢ 844 ¥66 347 329
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Table 2.1-6 (page 1 of 2)

TABLE DELETED |
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Table 2.1-7 (page 1 of 2)
TABLE DELETED |
Post-irradiation MPE-24 MPE-24 MPE-24E/24EF MPG-24E/24EF l
CoolingFime  PWRAssembly  PWRAssembly  PWRAssembly PWR-Assembly
tyears) -Becay Heat Decay-Heat Becay Heat
forRegien-t+ forRegion2 forRegion-+ forRegion-2
Watts) Watts) (Watts)

>5 1479 900 4540 960 |
>6 1479 908 4549 960 |
>7 4335 960 4395 999 |
>8 4304 900 4360 200 |
»9 4268 960 4325 560 |
>10 4235 900 4290 509 |
=12 4207 60 4260 569 |
>3 4493 900 4245 509 |
>4 +79 560 4230 969 |
=45 4165 960 4245 560 |
>45 - 900 - 960 |
=4 - 980 - 960 |
>18 - 960 - 900 |
>4 . 960 . 900 |
x20 |
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Table 2.1-7 (page 2 of 2)

TABLE DELETED
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Table 2.1-8
NON-FUEL HARDWARE COOLING AND AVERAGE BURNUP (Notes 1, 2, and 3)

Post-iradiation = NEUTRON-POISGN GUIDE TUBE CONTROL APSR
Cooling Time INSERTS HARDWARE COMPONENT BURNUP
(years) (Nota 34) (Note 45) (Note 56) (MWD/MTU)
BURNUP BURNUP BURNUP
(MWD/MTU) (MWD/MTU) (MWD/MTU)

>3 <20:000 24,635 NA (Nota 87) NA NA
>4 < 25,6809 30,000 < 20,000 NA NA
>5 <30;000 36,748 < 25,000 < 630,000 < 45,000
>6 < 40;089 44,102 < 30,000 - < 54,500
>7 < 45,508 52,900 <40,000 - < 68,000
>8 < 50,000 60,000 < 45,000 - < 83,000
>9 <60;060 < 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 ofthe
fuel assemblies in which the component was inserted during reactor operation.

2. Linearinterpolation between points is permitted, except that TPD and APSR bumups > 180,000 MWD/MTU
and < 630,000 MWD/MTU must be cooled > 14 years and > 11 years, respectively.

3. Applicable to uniform loading and regionalized loading.

4. Includes Bumable Poison Rod Assemblies (BPRAS), and Wet Annular Burable 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, Burnup, and Cooling Time Limits for ZR-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 Uniform Fuel Loading Decay Heat Limits for ZR-clad fue!

Table 2.4-1 provides the maximum allowable decay heat per ZR-clad 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) -

Ml{’;CfMach'eI - Decay Heat per Fuel Assembly
MPC-24/24E/24EF <1.583 |
MPC-32/32F . - <1.1875 |

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 mode! 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 mode! 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
' MPC Model ~ '} -Storage Locations Storage Locations In | ’ﬁ:::tim::an;?ag
in Region 1 Region 2 . p (kW) ’
(Nkeglon ‘l) (NRegPon ?)
MPC-24/24E/24EF 4 : 20 N 38
MPC-32/32F 12 20 ' 38
MPC-68/68FF 32 36 355
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2.4.2 Regionalized Fuel Loading Decay Heat Limits for ZR-Clad Fuel (cont'd)

2.4.2.1

2.4.2.2

2.4.2.3

Choose a value of X between 1 and 6, whera X is the ratio of the maximum
decay heat per fuel assembly permitted in Region 1 (Qregen 1) to the maximum
decay heat per fuel assembly permitted in Region 2 (Qg,y, 5)-

Calculate Qreg.q 2 Using the following equation:

Qrogion 2 = (2 X QUI(1 + X**%) X (Nregion 1 X X + Niogion 2) Equation. 2.4.1
Whera:

Qregion 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 Qrogin 1 10 Qrogion 2 ChOSEN iN Step' 24.21

Nzogin 1 = Number of fuel storage locations in Region 1 from Table 2.4-2
Nrogion 2 = Number of fuel storage locations in Region 2 from Table 2.4-2
Calculate Qgegin 1 Using the following equation:

Grogion 1 = X X Qregion 2 Equation 2.4.2
Where:

Gregion 1 = Maximum allowable decay heat per fuel assembly in Region 1 (kW)

Qregin2 = Maximum allowable decay heat per fuel assembly in Region 2
calculated in Step 2.4.2.2 (kW)

X = Ratio of Qgegion 1 10 Qregin 2 chOsen in Step 2.4.2.1

243 Bumup Limits as a Fuhction 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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Bumup Limits as a Function of Cooling Time for ZR-CIad Fuel (cont’d)

The maximum aI!owab!e ZR-clad fuel assembly average bumup fora g:ven 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 2.4.2.
Different fuel assembly average burmup limits may be calculated for different minimum

-enrichments (by individual fuel assembly) for use in choosmg the fuel assemblies to be
-loaded mto a given MPC -

2431 Choosea fuel assembly minimum enﬁchmeht, Ez,g. ‘

2.4.3.2 Calculate the maximum ellowable fuel assembly average burnup for @ minimum
cooling time between 3 and 20 years using the equation below.

Bu=(Axq)+(Bxq)+(Cxq’)+[Dx(Eyg]+ (équEmJ +(Fxq*xEps) + G
Equation 2.4.3
Where:
Bu = Maximum sllowable averagé burnup per fuel assembly (MWD/MTU)

q = Maximum allowable decay heat per fuel assembly determined in Section
2.4.1 0r 2.4.2 (kW)

E,.; = Minimum fuel assembly average enrichment (wt. % 2*°U)
(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 fue!
assembly array/class and minimum cooling time

2.4.3.3 Calculated burnup limits shall be rounded down to the nearest integer.

2.4.34  Calculated burnup limits greater than 68,200 MWD/MTU for PWR fuel and
65,000 MWD/MTU for BWR must be reduced to be equal to these values.

2.4.3.5 Linear interpolation of calculated burnups between cooling times for a given fuel
assembly maximum decay heat and minimum enrichment is permitted. For
example, the allowable bumup for & cooling time of 4.5 years may be
interpolated between those burnups 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

2.43.7

Each ZR-clad fuel assembly to bs stored must have a MINIMUM ENRICHMENT
greater than or equal to the value used in Step 2.4.3.2.

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 10f §)
PWR Fuel Assembly Cooling Time-Dependent Coefficients
] (ZR-Clad Fuel) -
Cooling Amay/Class 14x14A
Time - '
- (years) A B o2 D E F -G
>3 20277.1 | 303.592 | -68.329 | -139.41 | 2093.67 | -495.159 | -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 744249 | -36871.1 | 10169.4 | -218.676 | 5203.64 | -1190.24 | 741.163
>9 814058 | 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 947758 | -58559.7 | 19249.9 | -246.369 | 5896.27 | -1345.42 | -205.435
>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 | -14255
>17 |- 115582 | -82929.7 | 31411.9 | -235.23¢ | 59823 | -1244.11 | -1948.05
>18 | 119195 | -87323.6 | 33881.4 | -233.28 | 6002.43 | -124595 | -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 Fuel Assembly Cooling Time-Dependent Coefficients
(ZR-Clad Fuel)
Cooling Array/Class 14x148
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 | 745224 | -125978 | 3048.98 | -551.656 | -549.108
>5 42626.3 | -10804.1 1965.09 | -139.722 | 3433.49 | -676.643 321.88
>86 51209.6 | -16782.3 | 3490.45 | -158.929 | 3751.01 | -761.524 | 847.282
>7 57829.9 | -21982 5009.12 | -180.026 | 4066.65 | -846.272 | 1200.45
>8 62758 -26055.3 6330.88 -196.804 4340.18 -928.336 1413.17
>9 68161.4 | -30827.6 | 7943.87 | -204.454 | 4500.52 | -966.347 | 1084.69
>10 71996.8 | -34224.3 | 9197.25 | -210.433 | 4638.94 | -1001.83 | 1016.38
>11 75567.3 | -37486.1 10466.9 -214.95 4759.55 | -1040.85 | 848.169
>12 79296.7 | -40900.3 | 11799.6 | -212.898 | 4794.13 | -1040.51 | 576.242
>13 82257.3 -43594 12935 -212.8 4845.81 -1056.01 | 410.807
>14 83941.2 -44915.2 13641 -215.389 | 4953.19 -1121.71 552.724
>15 87228.5 | -48130 15056.9 | -212.545 | 4951.12 -1112.5 260.194
>16 90321.7 | -50918.3 | 16285.5 | -206.094 | 4923.36 | -1106.35 | -38.7487
>17 92836.2 | -53314.5 | 17481.7 | -203.139 | 4924.61 -1109.32 | -159.673
>18 93872.8 | -53721.4 | 17865.1 -202.573 | 4956.21 -1136.9 30.0594
>19 96361.6 | -56019.1 19075.9 | -199.068 | 4954.59 | -1156.07 | -125.917
>20 98647.5 | -57795.1 19961.8 | -191.502 | 4869.59 | -1108.74 | -217.603
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 Table 2.4-3 (Page 3 of 8)
. PWR Fuel Assembly Cooling Time-Dependent Coefficients
: (ZR-Clad Fuel)
Cooling - Amray/Class 14x14C
Time - :
(years) A B - C D E " F G
>3 19176.9. | 192012 | -66.7595 | -138.112 | 2666.73 | 407.664 | -1372.41
>4 - 32040.3 | 4731.4 651.014 | -124.94¢4 | 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 §7594.7 | -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
>0 67657.5 | -30350.9 7533.4 -211.77 | 4283.39 | -772.916 | 588.456
210 71834.4 | -34113.7 | 8857.32 | -216.408 | 4383.45 | -774.982 | 380.243
.>1 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 | 472997 | -849.446 | -373.196
>17 91103.3 -51332.5 16129 . | -212.138 4679.91 | -822.896 | -654.296
>18 | 938504 | -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 -§7058.1 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 Time-Dependent Coefficients
(ZR-Clad Fuel)
Cooling Array/Class 15x15A/B/C
Time
(vears) A B Cc 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
>8 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 -852.92 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 710844 | -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 | 418491 | -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 | -1 13.614
>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 15x150/E/F/H
Time — — ‘
(years) CA B C D E F G
>3 15192.5 | 505722 | -12.3042 | -126.906 | 2009.71 | -235.879 | -561.574
>4 257825 | -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 | 294581 | -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 | 333558 | -543.232 | 1223.61
>9 56254.6 | -20999.9 | 4485.93 | -190.480 | .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 | 385853 | -677.958 | 652.601
>14 | 69599.2 | -30823.8 | 7768.51 | -196.768 | 38682 | -679.88 | 504.443
>15 71806.7 | -32425 | 8360.38 | -191.935 | 3851.65 | -669.917 | 321.145
- >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 | -46.92¢
>18 - | 765944 | -35518.2 | 9719.78 | -185.11 | 3897.04 | -712.82 | 236.047
>19 | 78592.7 | -36920.8 | 103165 | -179.5¢ | 3865.84 | -700.551 | 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 Coefficients
(ZR-Clad Fuel)
Cooling Amray/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 | 508439 | -125.131 | 2782.53 | -455.722 | -344.199
>5 40285 -9762.38 | 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 | 414534 | -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 | 439585 | -757.914 | 23.7549
>13 78569 -39794.3 | 109149 | -224.584 4457 -776.876 69.428
>14 81559.4 | -42453.6 | 11969.6 | -222.704 | 448528 | -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
Certificate of Compliance No. 1014
Appendix B 2-72

T T



Approved Contents

2-713

20
~ Table 2.4-3 (Page 7 of §)
PWR Fuel Assembly Cooling Time-Dependent Coefficients
 (ZR-Clad Fuel) '
Cooling  Amay/Class 17x17A
Time — T
(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
25 40315.9 -9724 1622.89 | -140.459 | 3170.28 | -547.749 | 425136
>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 | 631534 | -26463.8 | 6102.47 | -201.262 | 4021.84 | -685.431 | 848497
>9 67874.9 | -30519.2 | 7442.84 | -218.184 | 4267.23 | -754.597 | 723.305
210 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 | so141.8 | 417365 | 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 1 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
220 100305 | -59997.5 | 198411 | -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 Amay/Class 17x178/C
Time
(years) A B c D E F G

>3 15526.8 18.0364 | -9.36581 | -128.415 | 2050.31 | -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 | -16780.8 | 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 | -26319.8 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 | 110659 | -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 Amay/Class 7x7B
Time
(vears) - 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 | 492983 | 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
212 173691 | -201687 | ‘125166 | -202.578 | 8626.84 | -1642.3 | -650.814
>13 | 180312 | -215406 | 137518 | -201.041 | 8642.19 | -1469.45 | -810.02¢
>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 | 8350.19 | -572.561 | -1068.19
- >17 200791 | -256573 | 179816. | -197.26 | 8914.28 | -1393.37 | -1218.63
>18 206068 | -266136 | 188841 | -187.191 | 8569.56 | -730.898 | -1363.79
>19 210187 | -273609 | 197794 | -182.151 | 8488.23 | -584.727 | -1335.59
>20 | 213731 | -278120 | 203074. | -175.864 | 8395.63 | -457.304 | -1364.38
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Table 2.4-4 (Page 2 of 10)
BWR Fuel Assembly Cooling Time-Dependent Coefficients
(ZR-Clad Fuel)
Cooling Armray/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 -267658 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 (Pager3 of 10)
BWR Fuel Assembly Cooling Time-Dependent Coefiicients
. {ZR-Clad Fuel)
Cooling  Amay/Class 8x8C/D/E
Time — =
(vears) 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 | 121157 | -115¢ | -128.444 | 6787.16 |. -2520.99 | -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 | -152086 | 84543.1 | -195.458 | 8559.11 | -2306.54 | -183.595
>0 161041 | -177511 | 103020 | -200.087 | 8632.84 | -1864.4 | -433.081
>10 | 171754 | -201468 | 122029 | -209.799 | 8952.06 | -1802.86 | -755.742
>11 179364 | -217723 | 137000 | -215.803 | 914237 | -1664.82 | -847.268
>12 186090 | -232150 | 150255 | -216.033 | 9218.36 | -1441.92 | -975.817
1. >13 193571 | -249160 | 165997 |--213.204 | 9146.99 | -1011.13 | -1119.47
>14 200034 | -263671 | 180359 | -210.559 | 9107.5¢ | -694.626 | -1312.55
>15 205581 | -275904 | 193585 | -216.242 | 9446.57 | -1040.65 | -1428.13
316 | 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
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Table 2.4-4 (Pags 4 of 10)
BWR Fuel Assembly Cooling Time-Dependent Coefficients
(ZR-Clad Fuel)
Cooling Array/Class 9x9A
Time
(years) A B Cc 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 | 710527 | -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
> 186 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
:(ZR-Clad Fuel)
Cooling Array/Class 9x9B
Time - — -
(vears) -A B C - D A E F .G
>3 | 306132 | 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 | -162.226 | 8307.4 | -2913.08 | -342.13
>7 146853 | -145834 | 79146.5 | -185.192 | 8718.74 | -2520.57 | 484.885
>8 | 162013 | -178244 | 103205 | -197.825 | 8896.39- | -1921.58 | -584.013
>89 176764 | -212856 | 131577 | -215.41 | 9328.18 | -1737.12 | -1041.11
210 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 | 983457 | 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 | 964547 | 1664.94 | -2786.2
>20 256003 | 402034 | 330566 | -215.242 | 9850.42 | 1359.46 | -2550.06
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Table 2.4-4 (Page 6 of 10)
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 | 614844 | -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 95641.4 ~-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 2.4-4 (Page 7 of 10)
- BWR Fuel Assembly Cooling Time-Dependent Coefficients
(ZR-Clad Fuel)
Cooling -Array/Class 9x9E/F
- Time
(years) A B c - D o - 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 | -150.669 | 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 | -2047.64 | 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 | -2020.94 | -652.339
>13 | 193762 | -250900 | 171363 | -215798 | 9742.31 | -2179.24 | -608.636
>14 | 203288 | -275191 | 196115 | -218.113 | 99925 | -2437.71 | -1065.92
| 515 | 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 Fuel)
Cooling Amray/Class 9x9G
Time
(vears) 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
Certificate of Compliance No. 1014
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2.0
-Table 2.4-4 (Page 9 of 10)
BWR Fuel Assembly Cooling Time-Dependent Coefficients
(ZR-Clad Fuel)

Cooling . Amay/Class 10x10A/B
Time : » —

(years) A B C D - E -F .G
>3 202854 | 275622 | -16985 | -148.415 | 5960.56. | -1810.79 | 1001.45
>4 67844.9 | -14383 | 395619 | -127.723 | 6754.56 | -2547.96 | -369.267
>5 96660.5 | -55383.8 | 211804 | -137.17 | 72966 | -2793.58 | -192.85
>6 118098 | -91995 42958 | -162.985 | 7931.44 | -2040.84 | 60.9197
>7 | 135115 | -123721 | 63588.9 | -171.747 | 8060.23 | -2485.50 | 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 | -200.75 | 909543 | -1842.88 | -705.25¢
>12 186070 | -2323890 | 151792, | -208.946 | 9104.52 | -1565.11 | -822.73
>13 | 192407 | -246005 | 164928 | -209.696 | 92347 | -1541.5¢ | -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 | -1286.62
>17 214972 | -295149 | 217095 | -202.445 | 929234 | -893.6 | -1364.97

>18 | ‘219312 | -302748 | 225826 | -198.667 | 9272.27 | -878.536 | -1379.58
>19 223481 | -310663 | 235908 |.-194.825 | 92529 | -785.066 | -1379.62

>20 | 227628 | -319115 | 247507 | -199.194 | 9509.02 | -1135.23 | -1386.19

Certificate of Compliance No. 1014
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20
Table 2.4-4 (Page 10 of 10)
BWR Fuel Assembly Cooling Time-Dependent Coefficients
-~ (ZR-Clad Fuel)
Cooling Array/Class 10x10C
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 | -142.318 7961 -3290.98 | -354.784
>6 126962 -105802 514446 | -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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30 DESIGN FEATURES

Design Features
3.0

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.

3241

- -3.22

323

3.24

325

| 3.2 Design Features Important for Criticality Control
MPC-24

1. Flux trap size: > 1.09 in.

2. loadmg in the Borat neutron absorbers > 00267 glcm"’ (Boral) or >

0.0223 g/cm® (METAMIC)

: MPC-68 and MPC-68FF

1.  Fuelcell pitch: >6.43 in.

2. "B loading in the Boral neutron absorbers: > 0 0372 glcm2 (Boral) or >
0.0310 g/cm® (METAMIC) :

MPC-68F
1. Fuel cell pitch: >6.43 in

2. "B loading in'the Boral neutron absorbers: > 0.01 g/cm?

MPC-24E and MPC-24EF -
1. Flux trap size:
i. Cells 3,6, 19, and 22: > 0.776 inch - -

il AII Other‘CeIIS' >1.076 inches

2. "B loading in the Bora! neutron absorbers: > 0. 0372 glcm? (Boral) or >

- 0.0310 g/cm? (METAMIC)
MPC-32 and MPC-32F

1. Fuel cell pitch: > 9.158 inches

2. g Ioadmg in the Borat neutron absorbers > 0.0372 g/cm? (Boral) or >
0.0310 g/cm? (METAMIC)

Certificate of Compliance No. 1014
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Design Features
3.0

DESIGN FEATURES

3.2 Design Features Important for Criticality Control (con't)

3.26 Fuelspacers-shaltbe-sized-The fuel assemblies shall be positioned in the MPC to
ensure that the active fuel region of intact fuel assemblies remains within the Borat
neutron poison region of the MPC basket with water in the MPC.

3.2.7 The B,C 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 Coda 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 1.D of the Final Safety Analysis
Report for the HI-STORM 100 Cask System.

3.3.1 ExceptiensAlfernatives to Codes, Standards, and Criteria

Table 3-1 lists approved exceptionsalternatives to the ASME Code for the design
of the HI-STORM 100 Cask System.

3.3.2 Construction/Fabrication ExceptionaAlfernatives to Codes, Standards, and Criteria

Proposed alternatives to the ASME Code, Section lll, 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 Iil,
1995 Edition with Addenda through 1997, would result in hardship or unusual
difficuity without a compensating increase in the level of quality and safety.

Requests for exeeptionsalternatives shall be submitted in accordance with 10 CFR
724

(continued)

Certificate of Compliance No. 1014
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DESIGN FEATURES

Design Features
3.0

R o  Table 3-1 (page 1 of §9) ' \
LIST OF ASME CODE EXGEPTHONSALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement o ExeepbonAltematlve, Justification &
ASME Code ' o COmpensatory Measures
Section/Article . : , S
MPC, MPC Subsection NCA | General Because the MPC, OVERPACK, and TRANSFER
-basket , Requirements. . | CASK are not ASME Code stamped vessels, none of
‘assembly, HI- | Requires preparat:on the specifications, reports, certificates, or other
STORM ofaDesign = . " | general requirements specified by NCA are required.
OVERPACK Specification, Des:gn .| In lieu of a Design Specification and Design Repoit, |
steel Report, Overpressure | the HI-STORM FSAR includes the design criteria,
structure, and Protection Report, | service ‘conditions, and load combinations for the

HI-TRAC Certification of - design and operation of the HI-STORM 100 System

TRANSFER Construction Report, as well as the resulfs of the stress analyses fo

CASK steel/ Data Report, and demonstrate that applicable Code stress limils are

structure other administrative met. Additionally, the fabricator is not required to have
conirols for an ASME | anASME-certified QA program. Allimportant-to-safely
Code stamped vessel. | activities are governed by the NRC-approved Holtec |

' T QA program.

Because the cask components are not certified to
the Code, the terms “Certificate Holder” and
Inspector” are not germane {o the manufacturing of
NRC-certified cask components. To eliminate
ambigutty, the responsibilities assigned to the
Cerlificate Holder in the various articles of
Subsections NB, NG, and NF of the Code, as
applicable, shall be interpreted to apply to the NRC
Certificate of Compliance (CoC) holder (and by
extension, to the component fabricator) if the
requirement must be fulfilled. The Code term
“Inspector” means the QA/QC personnel of the CoC
holder and its vendors assigned to oversee and
inspect the manufacturing process.

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 Ill, Subsection NB to the maximum practical extent,
components. but Code stamping is not required.

Certificate of Compliance No. 1014
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Design Features
3.0

Table 3-1 {page 2 of 59)
LIST OF ASME CODE EXEEPTIONSALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement ExceptionAlternative, Justification &
ASME Code ' Compensatory Measures
Section/Articla
MPC basket NB-1130 NB-1132.2(d) requires | The MPC basket supports (nonpressure-retaining
supports and that the first structural attachments)and lift Jugs (nonstructural
lift lugs connecting weld of a attachments (relative to the function of lifting a
nonpressure-retaining | loaded MPC) that are used exclusively for lifting an
structural attachment | empty MPC) are welded to the inside of the
to a component shall | pressure-retaining MPC shell, but are not designed
be considered part of | in accordance with Subsection NB. The basket
the component unless | supports and associated attachment welds are
the weld is more than | designed to satisly the stress limits of Subsection
2t from the pressure- | NG and the lift lugs and associated attachment
retaining portion of the | welds are designed to satisfy the stress limits of
component, wheratis | Subsection NF, as a minimum. These attachments
the nominal thickness | and their welds are shown by analysis to meet the
.| of the pressure- respective strass limits for their service conditions.
retaining material. Likewise, non-structural items, such as shield plugs,
spacers, elc. if used, can be attached to pressure-
NB-1132.2(e) requires | retaining parts in the same manner.
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.

Certificate of Compliance No. 1014
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Design Features
3.0

Table 3-1 (page 3 of 69)
LIST OF ASME CODE EXCEPHONSALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement ExceptionAHlernative, Justification &
ASME Code : Compensatory Measures
Section/Article . '
MPC - NB-2000 - Requires materials to | Materials will be supplied by Holtec-approved
: S be supplied by ASME- | suppliers with Certified Materia! Test Reports
approved material (CMTRs) in accordance with NB-2000
supplier. requirements.
MPC, 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 conditions and load )
STORM . - such as pressure, combinations for the storage system.
OVERPACK temperature, and ' . (
and HI-TRAC mechanical loads.
TRANSFER - -
CASK )
‘MPC NB-3350 NB-3352.3 requires,- Due to MPC basket-to-shell interface requirements,
. for Category C joints, | the MPC. shell-to-baseplate weld joint design
that the minimum (designated Category C) does not include a
dimensions of the reinforcing fillet weld or a bevel inthe 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 shell (1/2 inch). The weldis

designed as & 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 radlographic ‘examination of the full
penetration weld )

| From the standpomt of stress analysis, the filiet 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.

Certificate of Compliance No. 1014
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Design Features
3.0

Table 3-1 (page 4 of 59) _
LIST OF ASME CODE EXCEPTIONSALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement ExceptionAlfernative, Justification &
ASME Cods Compensatory Measures
Sectlon/Article

MPC, MPC NB-4120 NB-4121.2, NG- In-shop operations of short duration that apply heat fo

Basket NG-4120 4121.2, and NF- a component, such as plasma cutting of plate stock,

Assembly, HI- | NF-4120 4121.2 provide welding, machining, coating, and pouring of lead ara

STORM requirements for 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 Chapler 2

CASK steel installation. of the FSAR shall be limited to 24 hours in a

structure particular manufacturing process (such as the Hi-
TRAC lead pouring process).

MPC, MPC NB-4220 Requires cerlain The cylindricity measurements on the rolled shells

basket NF-4220 forming tolerances to | are not specifically recorded in the shop travelers,

assembly, Hi- 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-fo-

steel TRANSFER CASK) ars guaranteed through fixture-

structure, and controlled manufacturing. The fabrication

HI-TRAC specification and shop procedures ensure that all

TRANSFER dimensional design objectives, including inter-

CASK steel component annular clearances are satisfied. The

structurs dimensions required to be met in fabrication are
chosen to meet the functional requirements of the
dry sforage components. Thus, although the post-
forming Code cylindricily 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 ring 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-
3352.3).

of 0.45 has been applied to the analyses of these
welds.

Certificate of Compliance No. 1014
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Design Features
3.0

Table 3-1 (page 5 of 59)
LIST OF ASME CODE EXCEPTIONSALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

‘Component Reference Code Requirement ExceptionAlfernative, Justification & 7
‘ ASME Code . : Compensatory Measures
: Section/Article R
MPCLidto NB-5230 Radiographic (RT) or | Only UT or multi-layer liquid penetrant (PT) :
Shell Weld S : ultrasonic (UT) . -} examination is permitted. If PT alone is used, ata
: - examination required | minimum, & will include the root and final weld layers

S - and each approximately 3/8 inch of weld depth.
MPC Closure | NB-5230 Radiographic (RT) or | Root (if more than one weld pass is required) and
Ring, Vent ] uttrasonic (UT) final liquid penetrant examination to be perfonmed in
and Drain examination required accordance with NB-5245. The-MRc-venteand-drain
Cover Plate S eover-plate-welds-areealk-tested- The closure ring
Welds provides independent redundant closure for vent
' . : -] and drain cover plates.
MPC NB-6111 1 An oompleted The MPC enclosure vessel is seal welded in the field
Enclosure . -{ pressure retaining following fuel assembly loading. The MPC enclosure

. vessel shall then be hydrostaticaliypressure tested as

l\-’kejsse{ and ) :ﬁi’:;stg:geze ] ‘defined in Chapter 8. Accessibility for leakage

inspections preclude a Code compliant

| wydrestatiepressure test. Al 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 critica! flaw size shall
not cause the pnmary stress limits of NB-3000 to be
exceeded.

The inspection precess resulfs, including refevant
findings (indications), shall be made a permanent part of
the user's records by video, photographic, or other
means which provide an equivatent retrievable record of
weld integrity. The video or photographic records should
be taken during the final interpretation period described
in ASME Section V, Arlicle 6, T-676. The vent/drain
cover plate ' i

fqut and the closure ring welds
is are confirmed by liquid penetrant examination. The
inspection of the weld must be performed by qualified
personne! and shall meet the acceptance requirements of
ASME Code Section )i, NB-5350 for PT or NB-5332 for
UT.

Certificate of Compliance No. 1014
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Table 3-1 (page 6 of 59)
LIST OF ASME CODE EXCEPTONSALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Referenco Code Requirement ExceptionAlternative, Justification &
ASME Code Compensatory Measures
Section/Article
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 intemal 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 accordancs with 10CFR71 and
Vessel stamping and reports | 10CFR72 requirements. Code stamping is not
per NCA-8000. required. QA data package to ba in accordance
, with Holtec approved QA program.
MPC Basket NG-2000 Requires materials to | Materials will bs supplied by Holtec-approved
Assembly be supplied by ASME- | supplier with CMTRSs in accordance with NG-2000
approved material requirements.
supplier.
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Table 3-1 (page 7 of 69}
LIST OF ASME CODE EXCEPTIONSALTERNATIVES FOR HI-STORM 100 CASK SYSTEM
Component Reference | Code Requirement ExceptionAlternative, Justification &
ASMECode | Compensatory Measures
Section/Article : S

MPC basket NG-4420 NG-4427(a) allows a - | Modify the Code requirement (intended for core support
assembly - fillet weld in any single | structures) with the following text prepared to accord with
‘ continuous weld to be | the geometry and stress analysis imperatives for the fuel
less than the specified | basket: For the longitudinal MPC basket fillet welds, the
. following criteria apply: 1) The specified fillet weld throat

fillet weld dimension = | b ,

‘dimension must be maintained over ef least 52 percent of
by not more than 1/16 | e total weid length. All regions of undersized weld must
inch, provided thatthe | pe fess than 3 inches long end separated from each other

| total undersize portion | by et least 9 inches. 2) Areas of undercuts end porosity
of the weld does not beyondthat aliowed by the applicable ASME Code shall not
exceed 10 percent of | exceed 1/2Inch in weld length. The total length of undercut
| the length of the weld. | @nd porosity over any 1-foot length shall not exceed 2
A Individual undersize inches. 3) The total weld length in which items (1) and (2)
| weld portions shall not apply shall not exceed e total of 10 percent of the overall
N . weld length. The limited access of the MPC basket panel
exceed 2 inches in longitudinal fillet welds makes It difficutt to perform effective
fength. repairs of these welds and creates the potential for causing
- Lo additional damage to the basket assembly (e.g., to the
N ‘neutron  absorber and Hs sheathing) ¥ repalrs are|
| sttempted. - The .acceptance criteria provided in the
foregoing have been established to comport with the
) objectives of the basket design and preserve the margins
AN demonstrated In the supporting stress analysis. From the
structural standpoint, the weld acceptance cnteria are
established to ensure that eny departure from the ideal,
continuous fillet weld seam would not alter the primary
bending stresses on which the design of the fuel basketsis
predicated. Stated differently, the permitted weld
discontinuities are limited in size to ensure that they remain
classffiable as local stress elevators ("pesak stress”, F, in the

ASME Code for which specific stress Intensity imits 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 10CFR71 and

. stamping and reports 10CFR72 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.

—/ Certificate of Compliance No. 1014
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Table 3-1 (page 8 of 59)
LIST OF ASME CODE EXCEPTHIONSALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement ExceptionAlternative, Justification &
ASME Code Compensatory Measures
Section/Article o
TRANSFER NF-2000 Requires materials to | Materials will be supplied by Holtec-approved A
CASK Steel be supplied by ASME- | supplier with CMTRS in accordance with NF-2000
| Structurs approved material requirements.
supplier.
OVERPACK NF-4441 Requires special The targe 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 liting conditions and have a-minimum Jarge
loaded to transmit safely factors of>-12 during lifting. Likewise, Fthe
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-factor>6
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-am=, These non-structural welds are specified

in accordanca 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-
32586.2, but are not required to meet the joint
configuration requirements specified in thess 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 goveming supports.

Certificate of Compliance No. 1014
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Table 3-1 (page 8 of 59)
LIST OF ASME CODE EXCEPHONSALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement ExcepﬁonAltematIve, Justification &

. ASME Code : Compensatory Measures

Section/Article 7 ' o ‘
HI-STORM NF-3320 NF-3324.6 and NF- These Code requirements are applicable to linear
OVERPACK NF-4720 - - 4720 provide structures wherein bofted joints carry axial, shear, as
aend HI-TRAC requirements for well as rotational (torsional) loads. The OVERPACK
TRANSFER bolting and TRANSFER CASK bolted connections in the
CASK structural load path are qualified by design based on

the design loadings defined in the FSAR. Bolted joints
in these components see no shear or torsional loads
under normal storage conditions. Larger clearances
between bolis 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).

N Bolted joints that are subject to shear loads in
-accident conditions are qualified by appropriate

stress analysis. - Larger bolf-to-hole clearances help
ensure more efficient operations in making these

-| bolted connections, thereby minimizing time spent

by operations personnel in a rediation area.

“| Additionally, larger boll-to-hole clearances allow

interchangeability of the lids from one particular

e g e e iy T g ot g s i Ty S ey,
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DESIGN FEATURES (continued)

34

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.
2.

The temperature of 80° F is the maximum average yearly temperature.

The allowed temperature extremes, averaged over a 3-day period, shall be greater
than -40°F and less than 125° F.

Forfree-standing casks, the resultant horizontal acceleration (vectorial sum of two
horizontal Zero Period Accelerations (ZPAs) at a three-dimensional seismic site),
Gy, and vertical ZPA, G,, expressed as fractions of ‘g’, shall satisfy the following

inequality:
Gy+HuGy<y

where y is eitherthe Coulomb friction coefficient for the HI-STORM 100/ISFSI pad
interface or the ratio r/h, where T’ 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 y. Unless demonstrated by appropriate testing
that a higher coefficient of friction value ef+is appropriate for a specific ISFSI, the
value ef{+used shall be 0.53. Representative values of G, and G, 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, G, and G, 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 (G, in g’s)
0.445 0.160
0.424 0.200
0.397 0.250

{continued)
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34  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 sha!l meet the followmg reqmrements

The site acceleration response spectra at the top of the ISFS| pad shall
have ZPAs that meet the followmg mequahtles

Gy <212

Gy <15

7 Where

G., is the vectonal sum of the two honzonta! ZPAs at a three-dnmensnonal

- seismic site {or the honzontal ZPA at a two—dlmens:onal site) and G, is the
- vertical ZPA.

Each HI-STORM 100 dry storage (:aSk shall be anchored with twenty-eight
(28), 2-inch diameter studs and compatible nuts of material suitable for the

‘expected ISFSI env:ronment The studs shall Vrmeet the following

requirements:

~ Yield Strength at Ambient Temperature: > 80 ksi

~ Ultimate Strength at Ambient Te»mperﬁaturezr >125ksi -

Initial Tensile Pre-Stress: > 55 ksi AND <65ksi -~

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.

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. .

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.

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.

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 liit 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.

In cases where engineered features (i.e., berms and shield walls) are used to ensure
that the requirements of 10CFR72.104(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

34 Site-Specific Parameters and Analyses (oontmued)

8.

LOADING OPERATIONS, TRANSPORT OPERATIONS, and UNLOADING

OPERATIONS shall only be conducted with working area ambient temperatures > 0°
F. : A

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

10.

‘extended period of time (i.e, fonger 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 remova!l is defined as fuel
cladding temperatures remaining below the short term temperature limit. If the
analysis or evaluation is not performed, or if fue! cladding temperature limits are unable
to be demonstrated by analysis or evaluation to remain below the short term
temperature fimit for the duration of the event, provisions shall be established to

‘ provnde alternate means of coohng to accomplish thls objechve

For on-site TR’ANSPORT OPERATIONS with a Ioaded 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 1 and 2) |

TRANSFER CASK Mpc ’(’;fv‘;’o‘ Load | Annulus Cooling Required? '
Vertical <23 No |
Vertical >23 Yes /
Horizontal <19 No [
Horizontal > 19 Yes |

Notes:
1. Ses FSAR Section 4.5 for examples of annulus cooling.

2.  For short duration (< 6 hours) changes in orientation (s.g., vertical to horizontal to facilitate
traversing a doorway), it is not necessary to change cooling requirements.

(continued)

L
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DESIGN FEATURES

3.5 Cask Transfer Facility (CTF)

- 3.5.1

TRANSFER CASKand MPCLifters =~

' Lifting of a loaded TRANSFER CASK and MPC eutside using devices that are not

integral to of structures governed by 10 CFR Part 50 shall be performed with a CTF
thatis designed, operated, fabricated, tested, inspected, and maintained in accordance
with the guidelines of NUREG-06 12, “Control of Heavy Loads at Nuclear Power Plants”

- and the below clarifications. The CTF Structure requirements below do not apply to

3.5.2

heavy loads bounded by the regulations of 10 CFR Part 50.

CTF Structure Requirements
352.1. . 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 lll, 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 Hll, 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 lifiing 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 fifting devices.
: (continued)

Certificate of Compliance No. 1014

Appendix B

317



DESIGN FEATURES

Design Features
30

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.

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.”

Mobile cranes are not required to meet the requirements of NUREG-
0612, Section 5.1.6(2) for new cranes.

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 Ill Service Condition | - - Comment
" for Definition of A!lowable 1 o '
' Stress S
D* o -| All primary load bearing
Level A members must satlsfy Level A
D+S stress limits
D+M+W Factor of safety against
(Note 2) overturning shall be > 1.1
- D+F .. LevelD
D+E
D+Y
D= Dead Ioad

D* = Apparent dead load

S = Snow and ice load for the CTF site
M = Tornado missile load for the CTF site

wl
F = Flood load for the CTF site

E = Seismic load for the CTF site
Y= Tsunaml load for the CTF sxte

Notes: 1.

= Tornado wind load for the CTF site

comblnatlons of loads set forth in ACI-318(89).

The reinforced concrete porhon of the CTF structure shall also meet the factored

2 Tomado mlssﬂe load may be reduced or ellmmated based on a PRA for the CTF site.
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3.6 Forced Helium Dehydration System

3.6.1

3.6.2

System Description

Use of the Forced Helium Dehydration (FHD) system, (a closed-loop system) is an
alternative to vacuum drying the MPC for moderate burmnup fuel (< 45,000 MWD/MTU)
and mandatory for drying MPCs containing one or mors 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.

Design Criteria

3.6.2.1

3.6.2.2
3.6.2.3

3.6.24

3.6.25

3.6.26

3.6.2.7

3.6.2.8

The temperature of the helium gas in the MPC shall be at least 15°F higher
than the saturation temperature at coincident pressure.

The pressuras in the MPC cavity space shall be < 60.3 psig (75 psia).

The hourly recirculation rate of helium shall be > 10 times the nominal helium
mass backfilled into the MPC for fuel storage operations.

The partial pressure of the water vapor in the MPC cavity will not exceed 3
torr. The fimit will be met if the heliumgas temperature at the demoisturizer
outlet is verified by measurement to remain < 21°F for a period of 30 minutes
or if the dew point of the gas exiting the MPC is verified by measurement to
remain < 22.9°F for > 30 minutes .

The condensing module shall be designed to de-vaporize the recirculating
helium gas to a dew point < 120°F.

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 1 in FSAR Appendix 2.B) has been completed.

The helium circulator shall be sized to effect the minimum flow rate of
circulation required by these design criteria.

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)

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,Subsections—44-1-1-1through—44:-1-14; 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.

Appendix B
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| ocrm72 o " CERTIFICATE OF COMPLIANCE

FOR SPENT FUEL STORAGE CASKS Page 1 of
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{

Certificate No. Effective Date | BExpiration Date | Docket Number | Amendment No. Amendment Date Package Identification No.

Issued To: (Name/Address) ( o L S Ir :

[ Safety Analysis Report Title

The U.S. Nuclear Regulatory Commission is issuing this Certificate of Compliance pursuant to Title 10 of the Code of Federal
Regulations, Part 72, "Licensing Requirements for Independent Storage cf Spent Nuclear Fue! and High-Level Radioactive Waste" (10
CFR Part 72). This certificate s 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 Repori]| :
{FSAR) of the cask design. This certificate Is conditional upon fulfilling the requirements of 10 CFR Part72, as appttoeble endthe .|
oondmons specrf' ed below. , r

1014 | osr3t00 | 0801120 72-1014 2 B © USA/72-1014

Holtec International - -
Holtec Center :
555 Lincoln Drive West
Mariton, NJ 08053

Docket No. 72-1014

CONDITIONS

This certificate is condmoned upon futﬁllmg the requxrements of 40 CFR Part 72, as applicable; the attached Appendxx
A (Technical Specifications) end Appendxx B proved Contents and De iti
below :

"

multi-purpose canistérs. (MPCs) ‘whichcontain the fuel;(2) & stora overpack (HI-STORM) which contains
the MPC during storage; and (3) & ‘transfer cask (| C}); which contains the:MPC during loading,

unloading and transfer operations. The cask stores up 1032 pr
assemblies or 68 boiling water.reactor (BWR) fuel: assemblnes -

b. Description

The HI-STORM 100 Cask System is certrﬁed as descﬁbe‘ﬂn the Final 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 dlscrete components the MPCs, the HI-TRAC fransfer
.cask, and the HI-STORM storage overpack ' ;

The MPC is the confinement system for the stored fuel. ltis a welded, cylindrical oanister 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 piates,
and closure ring are the main confinement boundary components. The honeycombed basket, which is
equipped with neutron absorbers, provides criticality control.




NRC FORM 651A U.S. NUCLEAR REGULATORY F :
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FOR SPENT FUEL STORAGE CASKS F i/
Supplemental Sheet Page 2 of 4 |
1. b. Description (continued) l

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 mode!s 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 multi-
walled (carbon steellead/carbon steel) cylindrical vesse! 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 provnd hleldlng and structural protection of the MPC during
storage. The HI:STORM 100S is a :variation of the H-STORM™ 100 overpack design that includes a modified
lid which incorporates the air outlét ducts into the lid, allowing the overpack body to be shortened. The
overpack is a heavy-walled steal ‘anid concrete, cylindrical vessel. lts side wall onsists of plam (un-remforced)
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 t6. cxrculate naturally through the
cavity to cool the MPC ms:cle .The inner shell has channels attached to its interior Stiface to guide the MPC
during insertion and removal prov:da a ﬂexnble medlum to absorb lmpact Ioads and allow cooling air fo

in a vertical orientation." The HI-STORM 100A is a varjant of the, HI-STORM 100 family.and is outfitted with an
extended baseplate and gussets to enable the overpackto be anchored to the concrete slorage pad in high
seismic applications.: The HI-STORM:100A applies to’ boﬂli_l the: Hl-'STORM 100 and Hl~STORM 100S

urveillance, and
maintenance. The user's s:te-sp ith the technical basis

described in Chapter B‘o the FS/ F

: d maintenance prog
described in Chapter 9 of the FSAR

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. -




Each lift of an MPC, & HI-TRAC transfer cask ora HI-STORM 100 or 1OOS overpack must be made tn
accordance to the existing heavy loads requirements and procedures of the licensed facility at which the
fift 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 govemed by 10 CFR Part 50 must be in accordance with Section 5.5 of Appendix A
and/or Sections 3.4.6 and Section 3.5 of Appendix B to this certificate, as applicable. :

APPROVED CONTENTS

Contents of the HI-STORM 100 Cask System must meet the fuel specifications given in Appendix B to this
certificate. i

DESIGN FEATURES

Features or characteristics for- the site cask, or ancillary equipment must accordance with Appendix B to
thls certificate. e, 6 : )

The holder of this oerbﬁ te who des res to make changes to the oerhﬁcate
(Technical Spectﬁcatlons) and Appen ix'B (Approved Contents and Pésign
te

kW. An analysis shall'be perfort
methods and predlcted ermal be

Validation tests shall be pefformed for each subsequen caek .system that has a heat load that exceeds a
previously validated heat Ioad by more than 2 kW«( the initial test was conducted at 10 kW, then no
additional testing is needed dn! the heat load exceeds 12’ kW). No additional testmg is required for a system
after it has been tested ata he oad equa! to or greater than 16 kw. - - .

Letter reports summanzing the results of each vahdatlon test shall be submitted to the NRC in accordance with

10 CFR 72.4. Cask users may satisfy these reqmremenis by referencing validation test reports submltted to

the NRC by other cask users.

NRC FORM 651A U.S. NUCLEAR REGULATORY
3-1999
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’ FOR SPENT FUEL STORAGE CASKS

Supplemental Sheet : Page 3 of 4
5. HEAVY LOADS REQUIREMENTS
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10. PRE-OPERATIONAL TESTING AND TRAINING EXERCISE
A dry run training exercisa of the loading, closure, handling, unloading, and transfer of the HI-STORM 100
Cask System shall be conducted by tha licensee prior to the first use of the system to load spent fuel
assemblies. The training exercisa shall not be conducted with spent fuel in the MPC. The dry run may be
performed in an altemate 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 tha 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 assemblxes to ensurs type conformancs.

d. Loading specific assemblies and- MPC (using a dummy fuel assembly),

'ng" assembhes int
including appropriate mdepende» s

erification.

;’Pc lid and removal of the MPC and transfer cask from the spent fuel pool.

e. Remote installation of

f. MPC welding, NDE mspectnons pressure testing, draining, moisture removal | (by vacuum drying or
forced helium dehydratlon as applicable), and helium backfilling. (A mockup may be used for this dry-
fun exerc:sa.) .

a. Transfer cask Upendmgldd

ilér or omer_lragsfer device, as
apphcable to the sita’s cask : ¥, &

HISTORM J10_Q»Cask
removing MPC lid welds::

11. AUTHORIZATION

The HI-STORM 100 Cask System which is auth' zed oy i 8, 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, subjeci to the conditions specified by 10 CFR: 72 212, and the attached Appendix
approved amendment to CoC No. 1014 Jisted i in:10 CFR 72.214. Each of the licensed HI-STORM 100 System
components (i.e., the MPC, overpack, and transfs cask), if Ffabricated in accordance with different CoC
amendments, may be used with one another provuded the CoC does not specifically prohibit their use with
each other, and a design compatibility 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 SFSCINTEGRITY
3.1.1 Multi-Purpose Canister (MPC)
LCO 3.1.1 _The MPC shall be 'd‘ry and helium ﬁlled.r -
APPLICABILITY: ; During TRANSPORT OPERATIONS and STORAGE
OPERATIONS. ‘ B
ACTIONS : .
- -NOTE
Separate Condition entry is allowed for each MPC.
" CONDITION REQUIRED ACTION - | - COMPLETION
A MPC cavity vacuum | A;1 Perform an engineeringv o 7 days
~ drying pressure or evaluation to determine the
demoisturizer exit gas quantity of moisture left in
temperature limit not - the MPC. I
met. ~ o '
. ' AND
A2 Develdp and initiate
corrective actions necessary | 30 days
to retum 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.
ND
B.2 Develop and initiate -1 14 days

corrective actions necessary
to retum the MPC to an
analyzed condition.

Certificate of Compliance No. 1014
Appendix A

3.1.1-1



Multi-Purpose Canister (MPC) l/

3.1.1
ACTIONS
(continued)
CONDITION REQUIRED ACTION COM;’I'&EET'ON

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, priorto
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 | J/
model. OPERATIONS
I
l
l
I
Certificate of Compliance No. 1014 l
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SFSC Heat Removal System
3.1.2

3.1 SFSC INTEGRITY

3.1.2 SFSC Heat Removal System L

LCo 3.71.217 7' _ Tl]e SFSC Heat Remova! System shall be operable
APPLICABILITY: . Ddring STORAGE OPERATIONS. |

ACTIONS

NOTE
Separate Condition entry is allowed for each SFSC.

conomioN | REQUREDACTION | COMPLETION

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 lmmediétely and
associated Completion accordance with the Radiation | once per 12 hours
Time not met. Protection Program. thereafter

AND

B2.1 Restore SFSC Heat 64 hours, if MPC
Removal System to heat load is
operable status. < 28.74 kW

OR

16 hours, if MPC
heatload is

» > 28.74 kW

OR

B.2.2 Transfer the MPC into a 64 hours, if MPC
TRANSFER CASK. heat load is
) 1 <28.74 kW

OR
16 hours, if MPC

heat load is
> 28.74 kW

Certificate of Compliance No. 1014 .
Appendix A 3.1.21
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SFSC Heat Removal System J_/

3.1.2
SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY
SR 3.1.21 Verify all OVERPACK inlet and outlet air ducts are 24 hours
free of blockage.
OR
For OVERPACKS with installed temperature 24 hours

monitoring equipment, verify that the diiference
between the average OVERPACK air outlet
temperature and ISFSI ambient temperature is
< 145°F.

Certificate of Compliance No. 1014 \_L
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3.1 SFSCINTEGRITY

- 3.1.3 Fuel Cool-Down

Fuel Cool-Down
3.13

LCO 3.1.3 The MPC cavity bulk helium temperature shall be < 200° F

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
TIME

A. MPC cavity bulk helium A.1 Establish MPC cavity bulk

Prior to initiating

temperature not within helium temperature within MPC re-fiooding
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 tem