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SUMMARY OF PROPOSED HI-STORM 100 CHANGES'

SECTION I - PROPOSED CHANGES TO CERTIFICATE OF COMPLIANCE 1014

Proposed Change No. 1
Certificate of Compliance, Appendix A, LCO 3.1.1, SR 3.1.1.2_ and Table 3-1:

The MPC helium backfill density limit is revised to be a maximum helium
backfill pressure range as shown in the attached marked-up L.CO and table.

Reason for Proposed Change

The existing units of g-mole/liter for this TS limit was found, in practice, to be
cumbersome to implement. Therefore, a change in favor of a simpler requirement
is warranted. Pressure is a readily measurable parameter in the field.

Justification for Proposed Change

The proposed change to the MPC helium backfill TS requires the users to backfill
the MPC within a range of helium pressures. This ensures the presence of helium
in the MPC free space. Helium backfill pressure in the range specified by the
CoC is consistent with the governing thermal analyses. Helium backfill pressure
within this pressure range ensures the proper density of helium to support MPC
internal convection heat dissipation.

Proposed Change No. 2

Certificate of Compliance, Appendix A, SR 3.1.2.1 and LCO 3.1.3:

a. Revise the Surveillance Requirement acceptance criterion to 126 degrees F.

b. Revise the Completion Time for L.CO 3.1.3, Required Action A.2 from 24
hours to 22 hours

Reason and Justification for Proposed Changes

The revised delta T limit and Completion Time are necessary due to the higher
heat duty for the cask system as discussed elsewhere in this section (see Proposed

! Proposed changes marked with a “*” have previously been submitted under License Amendment Request
(LAR) 1008-1 for HI-STAR 100 (Docket 1008, 11/24/99). These changes have been reviewed by the NRC
(SFPO) and forwarded to NMNS for rulemaking as of the date of this LAR.
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Change No. 28). The higher heat duty is based on credit being taken for internal
convection heat dissipation inside the MPC. These changes ensure fuel cladding
temperatures are maintained below established limits for all heat loads, up to and
including the design basis maximum.

Proposed Change No. 3
Certificate of Compliance, Appendix A, L.CO 3.2.1;

Revise the HI-TRAC dose rate acceptance criteria as shown on the attached mark-
ups of the LCO.

Reason for Proposed Change

The addition of the MPC-32 basket, higher fuel burnups and non-fuel hardware
have increased the dose rates for the loaded HI-TRAC 100 and HI-TRAC 125

transfer casks.
Justification for Proposed Change

The HI-TRAC dose rates are based on conservative, design basis source terms,
using relatively low cooling times and high burnups. Users, simply through the
nature of core operating cycles, will likely not have any one MPC loaded with
design basis fuel. Users will determine the actual (lower) expected dose rates
based on their particular fuel characteristics prior to fuel loading. The purpose of
this LCO is simply to provide a limit above which users should suspect that a fuel
assembly (or multiple fuel assemblies) not meeting the CoC has been loaded into
the MPC, and they must take the action required by the Technical Specifications.
Users’ radiation protection/ALARA programs and operating procedures will
control the use of temporary shielding and specific operating activities, as
appropriate to ensure doses are ALARA. Note that the TSAR currently
recommends that users choose the 125-ton HI-TRAC transfer cask because it
provides better shielding. However, users with lower capacity cranes will need to
perform an ALARA evaluation to either upgrade their crane capacity or
implement temporary shielding to ensure occupational exposures are ALARA.
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Proposed Change No. 4

Certificate of Compliance, Appendix A, L.CO 3.2.3:

a.

b.

C.

The LCO acceptance criteria for the side of the overpack and the inlet and
outlet vents are increased to 50 and 40 mrem/hr, respectively.

The LCO Applicability is revised to delete “TRANSPORT OPERATIONS.”

Required Action A.2 is revised to substitute a written evaluation in lieu of an
analysis.

Reason for Proposed Changes

a.

Both dose rate limits are increased due to the addition of the MPC-32 basket,
higher burnup fuel, and non-fuel hardware. The inlet and outlet vent duct
dose rate limit is also slightly increased due to the new HI-STORM 100S
overpack design and high burnup fuel.

The dose rate acceptance criteria are not required to be met until the overpack
is in its final storage configuration and in its designated storage location at the
ISFSI. Therefore, having this LCO applicable during TRANSPORT
OPERATIONS is not appropriate.

This change is proposed to provide appropriate flexibility for user in
evaluating the nonconforming condition.

Justification for Proposed Change

a.

In both cases, the higher dose rate acceptance criteria are a result of increasing
the number of PWR fuel assemblies in the MPC with the addition of MPC-32,
adding high burnup fuel, as well as adding non-fuel hardware to the contents
of the PWR MPCs. The duct dose rates are also affected by the design
changes made to create the HI-STORM 100S, which include shortening the
overall length of the HI-STORM overpack (see Proposed Change No. 33).
This involved changes to the lid design, which incorporates the outlet ducts
directly into the lid, and shortening the pedestal upon which the MPC rests.
These changes moved the MPC closer to the top of the inlet ducts and closer
to the bottom of the outlet ducts.

While these changes increase dose rates somewhat, they remain low. Further,
use of the 32-assembly MPC will reduce the total number of MPCs to be
loaded by a given PWR user, thereby reducing the total occupational dose
over an entire loading campaign. Increasing the dose rate limits will not
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jeopardize the ability of the system to meet the 10CFR72.104 requirements for
off-site dose. In addition, each site will perform an evaluation considering
their specific fuel to demonstrate compliance with 10CFR72.104 prior to
utilizing the HI-STORM 100 system.

b. In its final storage configuration, the overpack has its gamma shield cross
plates installed in the inlet and outlet ducts. If the overpack is transported
while supported from the bottom (e.g., with air pads) these shielding devices
cannot be installed until the overpack is at its final storage location. This
change is also consistent with the current Surveillance Requirement
Frequency, which does not require measuring dose rates. until within the first
24 hours after the beginning of STORAGE OPERATIONS. By definition,
STORAGE OPERATIONS begin when the overpack is at the ISFSI.

c. A written evaluation may include an analysis but does not necessarily need to.
Depending upon the circumstances and magnitude of the high dose rates, an
evaluation may include something less than an analysis and the user should
have the option of performing the appropriate type of evaluation for the
situation. This proposed change makes HI-STORM consistent with the dose
rate LCO for HI-STAR (LCO 2.2.1).

Proposed Change No. 5

Certificate of Compliance, Appendix A, LCO 3.3.1:

This new LCO is added to provide limits for the minimum soluble boron
concentration during wet loading and unloading operations for the MPC-32 with
relatively higher enriched fuel in the MPC-24, MPC-24E, and MPC-24EF.,

Reason for Proposed Change

Many PWR users need to load fuel up to 5% initial enrichment. In order to
authorize storage of any reasonably enriched PWR fuel in the MPC-32 and
relatively higher enriched PWR fuel in the MPC-24, MPC-24E, and MPC-24EF
(discussed later in Section I), credit for soluble boron in the MPC water during
wet loading and unloading operations was taken in the criticality analyses. Since
this is a licensee-controlled operational activity related to reactivity, a new
technical specification LCO is being created to establish appropriate limits,
actions, and surveillance requirements for boron concentration during these
operations.
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Justification for Proposed Change®

Criticality calculations have been performed demonstrating that for the listed
conditions (maximum enrichment and minimum soluble boron concentration) for
each MPC, the cask system is in compliance with the regulatory requirement of
kesr <0.95 for all PWR fuel array/classes. The maximum keg calculated for the HI-
TRAC is 0.9447 for the MPC-24, 0.9399 for the MPC-24E and MPC-24EF, and
0.9470 for the MPC-32. In the HI-STORM storage configuration, where no water
is present inside the MPC, the maximum k. is below 0.52 for all PWR fuel
array/classes and MPC models. Additional results, including results from the HI-
STAR TSAR, which are directly applicable to the HI-TRAC, can be found in
Tables 6.1.2 and 6.1.4 through 6.1.6 in Section 6.1 of the Proposed Rev. 11 of the
TSAR (see Attachment 5).

Proposed Change No. 6

Certificate of Compliance, Appendix A, Sections 5.1 and 5.2:

Delete the training program and pre-operational testing and training exercise
requirements entirely.

Reason and Justification for Proposed Changes

Part 72 training requirements are governed directly by the regulations at 10 CFR
72.144(d), 72.190, and 72.192, and through licensees’ Quality Assurance
programs. Both the regulations and the QA program require licensees to have
trained and qualified personnel performing activities important to safety.
Therefore, it is unnecessary to duplicate training requirements in the CoC.
Further, while the Systematic Approach to Training (SAT) is a commonly used
training program development technique, it is inappropriate to impose SAT on
licensees via the CoC. All topical areas to be included in the licensees’ dry spent
fuel storage training program, including the pre-operational testing and training
exercises currently in the CoC, are already part of the HI-STORM 100 FSAR,
Chapter 12 and, as such, are required to be implemented by licensees. This
change is consistent with those being proposed generically by the industry
through the NEI technical specification improvement effort.

2

This justification is focused on the criticality aspects of soluble boron. Refer to the new Bases for
LCO 3.3.1 proposed to be added to TSAR Chapter 12, Appendix 12.A (Proposed Change No.41 ) for
discussion of the Required Actions and Surveillance Requirements, Frequencies, etc.
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Proposed Change No. 7

Certificate of Compliance, Appendix A, Section 5.3:

Move “Special Requirements for First Systems in Place” from the TS to the CoC
proper as new Item 9. Re-number existing Item 9 as new Item 10.

Reason and Justification for Proposed Change

This is an administrative change. One-time requirements are more appropriately
located as conditions to the CoC (similar to Part 50 license conditions) rather than
technical specifications. This change is consistent with those being proposed
generically by the industry through the NEI technical specification improvement
effort.

Proposed Change No. 8

Certificate of Compliance, Appendix A, Section 5.5 and Table 5-1:

a.

The Cask Transport Evaluation Program description has been re-formatted
and revised as shown in the attached CoC mark-up pages to modify Table 5-1
and add Subsection 5.5.b to distinguish between the transport of free-standing
overpacks and overpacks to be deployed in high-seismic regions (HI-STORM
100A).

The Cask Transport Evaluation Program description, at Subsections 5.5.a.1
and 5.5.a.2, has been revised as a conforming change to support the change to
Design Features Section 3.4.6 to eliminate the specific ISFSI pad design
criteria (see Proposed Change No. 32).

New specification item 5.5.a.3 is added to address the transport of the loaded
TRANSFER CASK or free-standing OVERPACK from the FUEL
BUILDING to the ISFSI. The new section allows lifting of the loaded
TRANSFER CASK or OVERPACK to any height necessary provided the lift
device is designed in accordance with ANSI N14.6 and includes redundant
drop protection features.

Reason for Proposed Changes

a.

This change is necessary because there is no specific (generic) drop height or
reference ISFSI pad established for the HI-STORM 100A overpack design.
Each user must determine a lift height on a site-specific basis, except as
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provided for in Subsection 5.5.b.2. Subsection 5.5.b.2 allows for no lift height
to be established if the cask is lifted with appropriately designed lift devices.

b. This is a conforming change. References to ISFSI pad design criteria are no
longer meaningful, as these criteria (in Design Features Section 3.4.6) are
being deleted from the CoC as part of this LAR (see Proposed Change No.
32).

c. This change is proposed based on user feedback which indicated there were
no requirements established for onsite transport of the TRANSFER CASK or
OVERPACK that address lifting the TRANSFER CASK or OVERPACK
above the lift height limits outside the scope of the Cask Transfer Facility
(CTF). This flexibility may be required at some sites based on the transport
path between the FUEL BUILDING and the ISFSI.

Justification for Proposed Change

a. The HI-STORM 100A overpack design includes unique design features that
make the existing, free-standing drop and tipover analyses (and the lift
heights in Table 5-1) not applicable. Each ISFSI pad on which a HI-STORM
100A is deployed will be designed site-specifically accounting for the unique
seismic spectra for the site. Therefore, the lift heights for the HI-STORM
100A overpack design will also be determined site-specifically, if required,
based on the type of handling device contemplated for use (per Specification
5.5.b.1). If lift devices designed in accordance with ANSI N14.6 and having
redundant drop protection features are used, drop events are not credible and,
therefore, no lift height limit need be established.

b. Conforming change in support of the removal of ISFSI pad design criteria
from the CoC.

c. A lift device designed in accordance with ANSI N14.6 and having redundant
drop protection features ensures that a drop of the TRANSFER CASK or
OVERPACK is not a credible event. This change provides necessary
flexibility for users with non-compliant transport path conditions (e.g., a
portion of the path that is harder than the “pre-approved” pad design
parameters described in TSAR Table 2.2.9). This change is consistent with
HI-STAR 100 LCO 2.1.3.b.

Proposed Change No. 9

Certificate of Compliance, Appendix B, Section 1.0, and Tables 2.1-2 and 2.1-3:
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The definitions of DAMAGED FUEL ASSEMBLY and INTACT FUEL
ASSEMBLY are revised as shown in the attached marked-up CoC changes. The
terms “No. of Fuel Rods”, “Clad OD”, “Clad ID”, and “Pellet Diameter” are all
revised for clarity.

Reason for Proposed Change

The revised definitions and terms more accurately reflect the criticality analyses
and eliminate potential unintended CoC compliance problems for licensees.

Justification for Proposed Changes

The criticality analyses were performed for a large variety of fuel assembly arrays
and classes. Where appropriate to the fuel assembly array/class, fuel rods were
modeled in all fuel rod locations. However, situations may arise for licensees
where a particular fuel assembly may not, and may never have had, fuel rods in
all fuel rods locations. In such cases, it is important to ensure the fuel rod
locations are filled with dummy fuel rods that occupy space (in lieu of moderator)
at least as large as the fuel rod modeled there. Further, fuel assemblies with
missing fuel rods nor replaced with dummy rods are to be classified as
DAMAGED FUEL ASSEMBLIES. DAMAGED FUEL ASSEMBLIES must
meet the fuel specifications of Tables 2.1-2 and 2.1-3. The current “No. of Fuel
Rods” requirement in these tables clearly cannot be met by this type of
DAMAGED FUEL ASSEMBLY. The wording change for this term eliminates
this potential compliance problem.

Proposed Change No. 10

Certificate of Compliance, Appendix B, Section 1.0:

The definition of DAMAGED FUEL CONTAINER (DFC)® in Appendix B is
revised to include three additional DFCs in addition to the previously approved
Holtec DFC designed exclusively for Dresden Unit 1 and Humboldt Bay fuel.
The new DFC designs are: 1) a Transnuclear (TN) DFC currently containing
Dresden Unit 1 (D-1) fuel*, 2) a Holtec generic PWR DFC, and 3) a Holtec
generic BWR DFC. Detailed drawings for the TN/D-1 DFC are contained in
Holtec LAR 1008-1 for HI-STAR 100 submitted to the NRC on November 24,
1999. Sketches of the TN/D-1 DFC and the two new Holtec-designed DFCs are
included as proposed new TSAR Figures 2.1.2, 2.1.2B and 2.1.2C (see
Attachment 5). In all cases, only outline sketches showing key DFC dimensions

* The terms Damaged Fuel Container and Damaged Fuel Canister are used interchangeably throughout this
document and “DFC” is applicable to both.
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and general fabrication details are included in proposed TSAR Revision 11.
Detailed design drawings of the Holtec DFC are being removed from the TSAR
with this amendment request. This change is consistent with previously approved
changes for the HI-STAR 100 System under LAR 1008-1.

Reason for Proposed Changes
TN/D-1 DFC

There are a significant number of Dresden Unit 1 fuel assemblies meeting the HI-
STORM fuel specifications which are currently stored in TN DFCs. Authorizing
this fuel for storage in the HI-STORM 100 system without having to remove it
from the TN/D-1 DFCs and load it into the Holtec DFCs will avoid imposing
undue burden on the general licensee with no additional safety benefit.
Implementation of this change will allow Dresden Unit 1 to complete
decommissioning of the plant in a timely manner. Further, the fuel in the TN/D-1
DFCs is currently located in the Dresden Unit 2/3 spent fuel pool. Removal of
this fuel is necessary to maintain full core offload capability and allow D-2/3 to
continue operation.

Holtec Generic PWR and BWR DFCs

The current HI-STORM CoC authorizes only damaged fuel and fuel debris from
the Dresden Unit 1 and Humboldt Bay plants for storage in HI-STORM 100.
Many other customers have informed Holtec that some of their fuel would be
classified as damaged fuel or fuel debris. These new generic DFC designs allow
for storage of a much broader scope of damaged fuel and fuel debris for both
PWR and BWR fuel.

Justification for Proposed Changes

TN/D-1 DFC

The justification for this proposed change is provided below, arranged by
technical discipline, as applicable. Supporting changes to the TSAR are

summarized in Section II of this attachment and included in Attachment 5.

Structural Evaluation

The TN/D-1 DFC was previously approved for use in the TN-9 transportation
package. In addition, the TN/D-1 DFC has been structurally evaluated by Holtec
International and found to meet all design requirements for storage in the HI-
STORM 100 system. The details of this evaluation are contained in proposed
new TSAR Appendix 3.AR, included in Attachment 5. All required safety
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margins are greater than zero or, in other words, the factors of safety are greater
than 1.0.

The TSAR Chapter 3 NUREG-1536 compliance matrix has been revised to
address the new DFCs and the supporting appendix. Since all required text
changes are confined to the new appendix, no new chapter text is required.

Thermal Evaluation

Storage of D-1 damaged fuel and fuel debris meeting the specifications of the
CoC is permitted in the HI-STORM MPC-68, MPC-68F, and MPC-68FF when
encased in a DFC. The thermal characteristics of the TN/D-1 DFC and the Holtec
DFC were compared in support of this amendment request. The TN/D-1 DFC is a
square shaped canister box fabricated from 12 gage stainless steel plates. A
bounding thermal calculation has been prepared in support of this amendment to
determine the most heat resistive fuel from the Low Heat Emitting (LHE) group
of assemblies encased in a DFC. It is noted that in this configuration, interruption
of radiation heat exchange between the fuel assembly and the fuel basket by the
DFC boundary renders the DFC configuration as the bounding case when
compared with the absence of a DFC. Both canister designs were evaluated and
the one exhibiting lower heat dissipation characteristics was adopted for analysis.

For the LHE group of assemblies, the low decay heat load of D-1 fuel
(approximately 8 kW) guarantees large thermal margins to permit safe storage of
D-1 fuel in the TN/D-1 DFC. The HI-STORM temperature field for this case was
calculated and is reported in proposed revisions to H-STORM TSAR Chapter 4
at Subsection 4.4.1.1.13 (see Attachment 5). Substantial cladding thermal margins
are demonstrated by the analysis.

Shielding Evaluation

Storage of D-1 damaged fuel and fuel debris meeting the specifications of the
CoC is permitted in the HI-STORM MPC-68, MPC-68F, and MPC-68FF when
encased in a DFC. Sections 5.4.2 and 5.4.5 of the HI-STORM TSAR, Revision 10
discuss the post-accident shielding evaluation for D-1 and Humboldt Bay
damaged fuel. These sections assume that the damaged fuel assemblies and fuel
debris collapse to a height of 80 inches. This dimension was calculated based on
the inside dimension of the DFC and the dimensions of the fuel assemblies. Since
the TN/D-1 DFC has a smaller inside dimension than the Holtec DFC, the
analysis in Sections 5.4.2 and 5.4.5 of the HI-STORM TSAR is applicable and
conservative. In addition, the shielding analysis does not take credit for the DFC
container in determining the acceptability of storing the approved damaged fuel
and fuel debris. Therefore, the use of the TN/D-1 DFC does not affect the
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shielding analysis and no changes to the Chapter 5 of the TSAR are necessary as a
result of this proposed change.

Criticality Evaluation

The TN/D-1 DFC was analyzed with the same set of contents used for the
analysis of the Holtec DFC documented in Rev. 10 of the HI-STORM 100 TSAR.
This set includes 6x6 and 7x7 fuel assemblies with various numbers of rods
missing, a collapsed assembly and dispersed fuel powder. The maximum Keg
values for both DFCs are listed in proposed Revision 11 TSAR Table 6.4.5
(Attachment 5). There is no significant difference in reactivity between the two
DFCs. For only one case (collapsed assembly), the reactivity for the TN/D-1 DFC
is increased marginally (Ak = 0.0012) compared to the Holtec DFC. In all other
cases, the reactivity for the TN/D-1 DFC is below the reactivity of the Holtec
DFC with the same contents. Therefore, with the TN/D-1 DFC used instead of the
Holtec DFC, the cask system is still in compliance with the regulatory
requirement of kg < 0.95 for all authorized contents.

HOLTEC GENERIC PWR DFC

Structural Evaluation

The proposed Holtec generic PWR DEC design (see new TSAR Figure 2.1.2B) is
a square shaped tube fabricated from 0.075-inch stainless steel. An appropriate
cover is included that permits lifting of the unit. The structural evaluation of the
generic DFC design for PWR fuel is based on the same design criteria used for
the approved Holtec DFC for Dresden/Humboldt Bay fuel. Structural analyses
have been performed for the lifting condition (where NUREG-0612 stress limits
are applicable) and for a handling accident leading to an end impact (ASME Code
Level D limits are applicable). Positive safety margins are achieved. The results
are presented in Appendix 3.AS (see Attachment 5).

Thermal Evaluation

The proposed PWR DFC design (see proposed TSAR Rev.11 Figure 2.1.2B in
Attachment 5) is a square shaped tube fabricated from 0.075-inch stainless steel.
Bounding thermal calculations have been prepared in support of this amendment
to determine the most heat resistive Zircaloy and stainless steel clad fuels encased
in DFCs. In this configuration, interruption of thermal radiation heat exchange
between the fuel assembly and the fuel basket by the DFC renders the DFC
configuration as bounding when compared with non-canistered assemblies.
Storage of damaged PWR fuel assemblies in generic DFCs is evaluated in
proposed TSAR Revision 11, Subsection 4.4.1.1.4 (see Attachment 5). The
MPC-24E/24EF is designed with four enlarged fuel storage cells to accommodate
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the DFC. The CoC requires damaged fuel to be stored only in these particular
fuel storage locations to preserve the assumptions of the analysis. At least 20 of
the 24 fuel storage locations will be occupied by intact fuel assemblies.
Therefore, the overall effect of DFC storage on the basket heat dissipation rate is
quite small. Conservatively, a 5% reduction MPC heat rating is specified for
accommodating damaged, Zircaloy clad fuel. Stainless steel clad fuel storage is
evaluated in TSAR Subsection 4.3.2 for a bounding storage configuration (within
a DFC).

Shielding Evaluation

The Holtec generic PWR DFC is designed to accommodate any PWR fuel
assembly that can physically fit inside the DFC. Damaged fuel assemblies under
normal conditions, for the most part, resemble intact fuel assemblies from a
shielding perspective. Under accident conditions, it cannot be guaranteed that the
damaged fuel assembly will remain intact. As a result, the damaged fuel assembly
may begin to resemble fuel debris in its possible configuration after an accident.

Since damaged fuel is identical to intact fuel from a shielding perspective, no
specific analysis is required for damaged fuel under normal conditions. However,
a generic shielding evaluation was performed to demonstrate that fuel debris
under normal or accident conditions, or damaged fuel in a post-accident
configuration, will not result in a significant increase in the dose rates around the
100-ton HI-TRAC. Only the 100-ton HI-TRAC was analyzed because it can be
concluded that if the dose rate change is not significant for the 100-ton HI-TRAC,
then the change will not be significant for the 125-ton HI-TRAC or the HI-
STORM overpacks, both of which provide more shielding than the 100-ton HI-
TRAC.

Fuel debris or a damaged fuel assembly which has collapsed can have an average
fuel density that is higher than the fuel density for an intact fuel assembly. If the
damaged fuel assembly were to fully or partially collapse, the fuel density in one
portion of the assembly would increase and the density in the other portion of the
assembly would decrease. This scenario was analyzed with MCNP-4A in a
conservative, bounding fashion to determine the potential change in dose rate as a
result of fuel debris or a damaged fuel assembly collapse. The analysis consisted
of modeling the fuel assemblies in the four peripheral damaged fuel locations in
the MPC-24E (or MPC-24EF) and the 16 peripheral locations in the MPC-68
(including the MPC-68FF) with a fuel density that was twice the normal fuel
density and correspondingly increasing the source term for these locations by a
factor of two. A flat axial power distribution was used which is approximately
representative of the source distribution if the top half of an assembly collapsed
into the bottom haif of the assembly. Increasing the fuel density over the entire
fuel length, rather than in the top half or bottom half of the fuel assembly, is
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conservative and provides the dose rate change in both the top and bottom portion
of the cask.

The results of this analysis indicate that the dose rates in the top and bottom
portion of the 100-ton HI-TRAC increase slightly while the dose rate in the center
of the HI-TRAC actually decreases a little bit. The increase in the top and bottom
is due to the assumed flat power distribution. These results indicate that the
potential effect on the dose rate is not very significant for the storage of damaged
fuel and/or fuel debris. This conclusion is further reinforced by the fact that the
majority of the significantly damaged fuel assemblies in the spent fuel inventories
are older assemblies from the earlier days of nuclear plant operations. Therefore,
these assemblies will have a considerably lower burnup and longer cooling times
than the assemblies analyzed in this amendment request. Section 5.4.2 of
proposed TSAR Revision 11 (see Attachment 5) provides the discussion and a
presentation of the results of the damaged fuel analysis.

Criticality Evaluation

Criticality calculations have been performed for the MPC-24E and MPC-24EF
loaded with intact fuel, damaged fuel, and fuel debris (up to 4 DFCs per basket)
with a maximum enrichment of 4.0 wt% *°U. The calculations use a bounding
approach to account for the possible wide variation of fuel distribution inside the
DFC, based on the analysis of arrays of bare fuel rods. Additionally, typical
damaged fuel conditions such as missing rods or collapsed assemblies are
analyzed for selected array/classes. The analyses are presented in Section 6.4.4.2
of the Proposed Rev. 11 of the TSAR (see Attachment 5). The maximum
calculated ks for the HI-TRAC is 0.9486, which demonstrates that the cask
system is in compliance with the regulatory requirement of keg <0.95 for all PWR
fuel array/classes.

HOLTEC GENERIC BWR DFC

Structural Evaluation

The proposed Holtec generic BWR DFC design (see new TSAR Figure 2.1.2C) is
a square shaped tube fabricated from 0.035-inch stainless steel. An evaluation of
structural integrity under lifting and handling accident conditions has been
performed, similar to that performed for the generic PWR DFC. Positive safety
margins are achieved. Structural integrity results are reported in Appendix 3.AS
(see Attachment 5).
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Thermal Evaluation

Bounding thermal calculations have been prepared for the Holtec generic BER
DFC design to determine the most heat resistive Zircaloy and stainless steel clad
fuels encased in DFCs. In this configuration, interruption of thermal radiation heat
exchange between the fuel assembly and the fuel basket by the DFC renders the
DFC configuration as bounding when compared with non-canistered assemblies.
Storage of damaged BWR fuel assemblies in generic DFCs is evaluated in
proposed TSAR Revision 11, Subsection 4.4.1.1.4 (see Attachment 5). The
MPC-68 and MPC-68FF are analyzed assuming damaged fuel is stored in up to
16 peripheral fuel storage cells in DFCs. The CoC requires damaged fuel to be
stored only in these particular fuel storage locations to preserve the assumptions
of the analysis. At least 52 of the 68 fuel storage locations will be occupied by
intact fuel assemblies. Therefore, the overall effect of DFC storage on the basket
heat dissipation rate is quite small. Conservatively, a 5% reduction MPC heat
rating is specified for accommodating damaged, Zircaloy clad fuel. Stainless
steel clad fuel storage is evaluated in TSAR Subsection 4.3.2 for a bounding
storage configuration (within a DFC).

Shielding Evaluation

See justification for Holtec Generic PWR DFC.

Criticality Evaluation

Criticality calculations have been performed for an MPC-68 loaded with intact
fuel, damaged fuel, and fuel debris (up to 16 DFCs) Maximum enrichments of up
to 4.0 wt% **U for the damaged fuel/fuel debris and up to 3.7 wt% ***U for the
intact fuel were analyzed. The calculations use a bounding approach to account
for the possible wide variation of fuel distribution inside the DFC, based on the
analysis of arrays of bare fuel rods. Also, typical damaged fuel conditions such as
missing rods or collapsed assemblies are analyzed for selected array/classes. The
analyses are presented in Section 6.4.4.2 of the Proposed Rev. 11 of the TSAR.
The maximum calculated ke is 0.9328, which demonstrates that the cask system
is in compliance with the regulatory requirement of k. <0.95 for all PWR fuel
array/classes.

Proposed Change No. 11

Certificate of Compliance, Appendix B, Subsection 2.1.1 and Table 2.1-1:

a. The wording of Item 2.1.1.a is revised to add the words “and NON-FUEL
HARDWARE” and “and other referenced tables.”

S S
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b.

Item 2.1.1.c is revised to add a clarification that this requirement applies only
to uniform loading.

New Item 2.1.1.e is added; the note in Table 2.1-1, Item II.C is revised; and
the word “Zircaloy” is removed from Table 2.1-1, Items IL.A.1 through 4 to
reflect the authorization for loading of LaCrosse BWR fuel assemblies in
stainless steel channels (array/class 10x10D and 10x10E) in the MPC-68.
Similar provisions are made for storage of stainless steel channels in the
MPC-68FF (see Proposed Change No. 21).

Reason for Proposed Changes

a.

This change is provided to clarify that PWR fuel may be stored with non-fuel
hardware as discussed in Proposed Change Number 14, and to clarify that
Table 2.1-1 incorporates other tables by reference.

Without this clarification, regionalized fuel loading would not be possible
with damaged fuel assemblies and fuel debris due to this limitation on decay
heat.

LaCrosse plant has stainless steel channels and is a Private Fuel Storage, LLC
(PFS) member. HI-STORM 100 is one of the storage cask designs referenced
in the PFS Part 72 license application.

Justification for Proposed Changes

a.

C.

Clarification to recognize that non-fuel hardware (as defined in Table 2.1-1) is
authorized for loading with PWR fuel. The second change is editorial.

For the regionalized fuel storage configuration described in proposed TSAR
subsection 4.4.1.1.9, low heat emitting fuel is arrayed away from the central
region occupied by hotter fuel. The note is added so that the regionalized
loading strategy is not unduly restricted by a stipulation designed for uniform
loading.

The justification for this change is presented by technical discipline below.

Structural Evaluation

As the CoC does not permit the total weight of the fuel assembly plus the non-fuel
hardware to exceed the design basis weights (BWR -700 1b., PWR -1680 1b.),
there are no new structural evaluations nor changes to existing evaluations
required.



U. S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Document ID 5014399

Attachment 1

Page 16 of 70

Thermal Evaluation

Zircaloy and stainless steel have comparable thermal conductivities, the latter
being approximately 10% greater than the former. The thermal analysis presented
in Revision 10 of the TSAR and proposed Revision 11 utilize the thermal
properties of Zircaloy. Even though the thermal conductivity of the stainless steel
channels is greater than that of a Zircaloy channel, the aggregate impact of the
thermal properties of the fuel channel on the overall basket conductivity is quite
modest. ~ As a result, small differences in the thermal properties (e.g.,
conductivity, emissivity, etc.) of stainless steel and Zircaloy channels produce a
second order effect on the thermal performance of the storage system. Therefore,
the analyses using Zircaloy channel properties are also considered to be
applicable to stainless steel channels.

Shielding Evaluation

The LaCrosse nuclear plant used two types of channels for their BWR assemblies:
stainless steel and Zircaloy. Since the irradiation of Zircaloy does not produce
significant activation, there are no restrictions on the storage of these channels
and they are not explicitly analyzed in the shielding evaluation. The stainless steel
channels, however, can produce a significant amount of activation, predominantly
from Co-60. LaCrosse has thirty-two stainless steel channels, a few of which have
been in the reactor core for approximately the lifetime of the plant. Therefore, the
activation of the stainless steel channels was conservatively calculated to
demonstrate that they are acceptable for storage in the HI-STORM 100 system.
For conservatism, the number of stainless steel channels in an MPC-68 or MPC-
68FF is being limited to sixteen and Appendix B to the CoC requires that these
channels be stored in the inner sixteen locations.

The activation of a single stainless steel channel was calculated by simulating the
irradiation of the channels with ORIGEN-S using the flux calculated from the
LaCrosse fuel assembly. The mass of the steel channel in the active fuel zone (83
inches) was used in the analysis. For burnups beyond 22,500 MWD/MTU, it was
assumed, for the purpose of the calculation, that the burned fuel assembly was
replaced with a fresh fuel assembly every 22,500 MWD/MTU. This was achieved
in ORIGEN-S by resetting the flux levels and cross sections to the 0 MWD/MTU
condition after every 22,500 MWD/MTU.

LaCrosse was commercially operated from November 1969 until it was shut
down in April 1987. Therefore, the shortest cooling time for the assemblies and
the channels is 13 years. Assuming the plant operated continually from 11/69
until 4/87 (approximately 17.5 years or 6388 days), the accumulated burnup for
the channels would be 186,000 MWD/MTU (6388 days times 29.17 MW/MTU
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from Table 5.2.3 of Revision 10 of the HI-STORM TSAR). Therefore, the cobalt
activity calculated for a single stainless steel channel irradiated for 180,000
MWD/MTU was calculated to be 667 curies of Co-60 for 13 years cooling. This
is equivalent to a source of 4.94E+13 photons/sec in the energy range of 1.0-1.5
MeV.

In order to demonstrate that sixteen stainless steel channels are acceptable for
storage in an MPC-68 or MPC-68FF, a comparison of source terms is performed.
Table 5.2.8 of Revision 10 of the HI-STORM TSAR indicates that the source
term for the LaCrosse design basis fuel assembly in the 1.0-1.5 MeV range is
6.34E+13 photons/sec for 10 years cooling, assuming a 144-inch active fuel
length. This is equivalent to 4.31E+15 photons/sec/cask. At 13 years cooling, the
fuel source term in that energy range decreases to 4.31E+13 photons/sec, which is
equivalent to 2.93E+15 photons/sec/cask. If the source term from the stainless
steel channels is scaled to 144 inches and added to the 13 year fuel source term
the result is 4.30E+15 photons/sec/cask (2.93E+15 photons/sec/cask + 4.94E+13
photons/sec/channel x 144 inch/83 inch x 16 channels/cask). This number is
equivalent to the 10 year 4.31E+15 photons/sec/cask source used in the shielding
analysis. Therefore, it is concluded that the storage of 16 stainless steel channels
in an MPC-68 is acceptable.

This discussion is provided in Section 5.2.8 of proposed TSAR Revision 11
provided in Attachment 5.

Criticality Evaluation

The criticality calculations presented in Chapter 6 of the HI-STORM TSAR for
BWR fuel array/classes 10x10D and 10x10E have been performed using Zircaloy
as the material for the flow channels. Stainless steel, which is used for some of the
these assemblies, has a higher neutron absorption than Zircaloy, which would lead
to a slight reduction in reactivity. The calculations using Zircaloy are therefore
bounding for assemblies with stainless steel channels and no further calculations
are required.

Proposed Change No. 12

Certificate of Compliance, Appendix B, Sections 2.1.2 and 2.1.3:; and Tables 2.1-
6 and 2.1-7:

a. Subsection 2.1.2 is revised to state that preferential loading is applicable
during uniform loading (which is also defined) and to state that regionalized
loading meets the intent of preferential loading.
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b. New Subsection 2.1.3 and Figures 2.1-1 through 2.1-4 are added to introduce
regionalized fuel loading as an option. Specific cooling time, burnup, and
decay heat limits for regionalized fuel loading are specified in Tables 2.1-6
and 2.1-7 in the Approved Contents section of Appendix B to the CoC.

Reason for Proposed Change

a. Clarification to distinguish between uniform fuel loading and regionalized
fuel loading and to clarify that regionalized loading meets the intent of
preferential fuel loading.

b. Regionalized fuel loading, in accordance with Figures 2.1-1 through 2.1-4 and
Tables 2.1-6 and 2.1-7, as applicable, allows users to load relatively higher
heat emitting fuel assemblies than would otherwise be allowed using uniform
fuel loading.

Justification for Proposed Change

a. Clarification

b. This change is proposed to allow users a method to store fuel assemblies with
higher heat emission rates with those having lower heat emission rates, while
remaining within the total heat dissipation capabilities of the storage cask
design. The specific technical justification is arranged by affected technical

discipline below.

Thermal Evaluation

In the regionalized fuel loading scenario, a two-region fuel configuration is
analyzed. The two regions are defined as an inner region (Region 1) for storing
relatively hot fuel, and an outer region (Region 2) physically enveloping the inner
region and storing relatively cooler fuel. These regions are specifically defined
by fuel storage cell number in Appendix B to the CoC. To permit hot fuel storage
in the inner region, a low decay heat rate is specified for fuel in the outer region.
The maximum allowable heat load for the inner region fuel is then a function of
fuel age-dependent permissible cladding temperatures. The regionalized fuel
loading thermal modeling is discussed in detail in proposed TSAR Subsection
4.4.1.1.9 and the results of the analysis are provided in proposed TSAR
Subsection 4.4.2 (see Attachment 5).

Shielding Evaluation

Regionalized loading in the HI-STORM cask system is used to place fuel with
higher heat emission rates (higher burnups and shorter cooling times) in the center
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of an MPC surrounded by fuel with lower heat emission rates (lower burnup and
longer cooling time). From a shielding perspective, the older fuel on the outside
of the MPC is serving as shielding for the fuel on the center of the MPC for the
dose rates on the side of the casks. The dose rates on the ends of the casks,
however, increase as a result of putting hotter fuel on the inside of the MPC.
However, this is a localized effect.

Proposed TSAR Revision 11, Section 5.4 in Attachment 5 provides a discussion
of regionalized fuel loading and its effect on dose rates. Generally, the radial dose
rates for uniform loading bound the dose rates for regionalized loading.

Confinement Evaluation

Regionalized loading allows higher heat emitting fuel (higher burnup fuel at
shorter decay times) to be loaded into the HI-STORM cask. From a confinement
perspective the newer, high burnup fuel in the center of the cask has an increased
radionuclide inventory due to increased fission products. The radionuclide
inventories for each of the MPC designs that allow regionalized loading was
revised to ensure that bounding source terms are maintained. The resultant doses
are presented in Table 7.3.2 through Table 7.3.4 in proposed Revision 11 of the
TSAR (see Attachment 5). Additionally, Table 7.3.8 of proposed Revision 11 of
the TSAR presents bounding doses for casks containing PWR and BWR fuel and
compares them directly to the limits of 10CFR72.

Proposed Change No. 13

Certificate of Compliance, Appendix B, Table 2.1-1 (throughout):

a. Cooling time, burnup, and decay heat limits are presented by array/class
designation instead of by cladding material.

b. The wording in the right side of the table for cooling time, burnup, and decay
heat is made consistent.

c. Fuel assembly weights are clarified to include non-fuel hardware (PWR),
channels (BWR), and damaged fuel canisters, as applicable.

d. The maximum allowed length for standard BWR fuel is increased from 176.2
inches (nominal) to 176.5 inches (nominal).
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Reason and Justification for Proposed Change

a. With the addition of more fuel types and unique limits for certain Zircaloy
clad fuel assemblies, the presentation format became too complex for users to
follow. This change simplifies the presentation.

b. Editorial clarification.

c. The MPC has been analyzed with a maximum bounding weight assumed and
divided among the total number of fuel storage cells. The user must ensure
that all components loaded into a storage location, in total, do not exceed that
limit. There is no need to distinguish among the components.

d. Customer feedback indicates some of their BWR fuel assemblies are longer
than the current nominal limit of 176.2 inches. The new nominal length limit
of 176.5 inches bounds these fuel assemblies and has been evaluated against
the MPC height tolerance as well as growth of the limiting length assembly
due to irradiation and thermal expansion and found to be acceptable. There is
no impact on the structural, thermal, shielding, criticality, or confinement
evaluations due to this change.

Proposed Change No. 14

Certificate of Compliance, Appendix B, Table 2.1-1, and new Table 2.1-8:

MPC-24, Items I.A and C, are revised; new Note 1 is added to Item I, and new
Table 2.1-8 is added as shown in the attached marked-up CoC pages to allow
storage of non-fuel hardware, including Burnable Poison Rod Assemblies
(BPRAs)*, Thimble Plug Devices (TPDs)*, Control Rod Assemblies (CRAs),
Axial Power Shaping Rods (APSRs) and similarly designed devices with different
names. Non-fuel hardware is also proposed to be authorized for loading into
MPC-24E, MPC-24EF, and MPC-32 and the same limits are specified for those
MPC models later in Table 2.1-1.

Reason for Proposed Change

A large number of PWR plant fuel assemblies are currently stored in spent fuel
pools with either BPRAs or TPDs as integral hardware to the assemblies. A
smaller number of PWR assemblies are stored with CRAs or APSRs. This
irradiated hardware must be authorized for dry storage with the assemblies to
accommodate user needs (particularly for plants who wish to decommission their
spent fuel pools) and is therefore proposed to be added to the authorized contents.
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Justification for Proposed Change

Structural Evaluation

There is no effect on the structural evaluation because these changes do not
change the fuel assembly geometry or weight used in the structural analyses. The
limits on these parameters as stated elsewhere in the CoC fuel tables remain the
same and fuel assemblies containing these components must meet these limits.

Thermal Evaluation

The non-fuel bearing hardware (i.e. BPRAs TPDs, CRAs, and APSRs) becomes
activated as a result of in-core irradiation. In the dry cask storage scenario, this
hardware represents a Low Heat Emitting (LHE) source distributed over the
length of the fuel assembly. The non-fuel hardware contribution to the total decay
heat load burden of a cask is quite small.

The BPRAs, CRAs, and APSRs, when inserted in the fuel assemblies, displace
the gas in the guide tubes and replace them with solid materials (neutron
absorbers and metals) which conduct heat much more readily. As a result,
dissipation of heat by the fuel assemblies is enhanced by the presence of these
components. In the thermal evaluation supporting this amendment request, no
credit was taken for this enhanced decay heat dissipation. Thus, the design basis
heat load of the HI-STORM cask is conservatively unaltered by this proposed
change. To conservatively compute a lower bound value for the permissible
burnup and cooling time limits for storage in the HI-STORM cask, the limiting
fuel type for the class of PWR fuel (i.e., the one with the highest uranium mass) is
utilized. In the CoC, a requirement is specified to comply with these burnup and
cooling time limits. In addition, each assembly proposed for storage must be
confirmed to have a total heat emission rate less than the design maximum,
including the fuel and any non-fuel hardware, as applicable.

The addition of this non-fuel hardware has two effects on the MPC cavity
pressures. As discussed in the last paragraph, non-fuel hardware enhances heat
dissipation, thus lowering fuel and MPC cavity fill gas temperatures. The gas
volume displaced by the mass of the non-fuel hardware lowers the cavity free
volume. These two effects, namely, temperature lowering and free volume
reduction, have opposing influences on the MPC cavity pressure. The first effect
lowers the gas pressure while the second effect raises it. In the HI-STORM
thermal analysis, the computed temperature field (with non-fuel hardware
excluded) provides a conservatively bounding thermal response of the HI-
STORM cask. The MPC cavity free space was computed based on displacement
by the heaviest fuel (bounding weight) with non-fuel hardware included. Thus,
the previously computed MPC cavity pressure results remain conservative with
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respect to gas temperature and free space as affected by the changes proposed in
this amendment.

PWR fuel assemblies with BPRAs containing helium gas have been evaluated
under the hypothetical accident condition where 100% of the BPRAs rupture,
releasing all of the contained helium into the MPC cavity. The maximum helium
backfill pressure TS limit for the PWR MPCs is adjusted appropriately so that the
resultant post-accident MPC cavity pressure, including BPRA gas release, is
limited to an acceptable value, within the design pressure of the MPC.
Appropriate discussion has been added to proposed Revision 11 TSAR Chapters 4
and 11 (see Attachment 5).

Shielding Evaluation -BPRAs and TPDs

Burnable Poison Rod Assemblies (including Wet Annular Burnable Absorbers
and other similarly designed devices with different names) and Thimble Plug
Devices (including orifice rod assemblies, guide tube plugs, and other similarly
designed devices with different names) are an integral, yet removable, part of a
large portion of PWR fuel. The TPDs are not used in all assemblies in a reactor
core, but are re-used from cycle to cycle. Therefore, these devices can achieve
very high burnups. In contrast, BPRAs are burned with a fuel assembly in core
and are not reused. In fact, many BPRAs are removed after one or two cycles
before the fuel assembly is discharged. Therefore, the achieved burnup for
BPRAs is not significantly different than fuel assemblies.

TPDs are made of stainless steel and contain a small amount of Inconel. These
devices extend down into the plenum region of the fuel assembly but do not
extend into the active fuel region with the exception of the Westinghouse 14x14
water displacement guide tube plugs. Since these devices are made of stainless
steel, there is a significant amount of Co-60 produced during irradiation. This is
the only significant radiation source from the activation of steel and Inconel.

BPRAs are made of stainless steel in the region above the active fuel zone and
may contain a small amount of Inconel in this region. Within the active fuel zone,
the BPRAs may contain two to 24 rodlets which are burnable absorbers clad in
either Zircaloy or stainless steel. The stainless steel clad BPRAs create a
significant radiation source (Co-60) while the Zircaloy clad BPRAs create a
negligible radiation source. Therefore the stainless steel clad BPRAs are
bounding.

SAS2H and ORIGEN-S were used to calculate a radiation source term for the
TPDs and BPRAs. These calculations were performed by irradiating the
appropriate mass of steel and Inconel using the flux calculated for the design basis
B&W 15x15 fuel assembly. The mass of material in the regions above the active
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fuel zone was scaled by the appropriate scaling factors listed in Table 5.2.10 of
the HI-STORM TSAR, Rev. 10 in order to account for the reduced flux levels
above the fuel assembly. The total curies of cobalt and the decay heat load were
calculated for the TPDs and BPRAs as a function of burnup and cooling time. For
burnups beyond 45,000 MWD/MTU, it was assumed, for the purpose of the
calculation, that the burned fuel assembly was replaced with a fresh fuel assembly
every 45,000 MWD/MTU. This was achieved in ORIGEN-S by resetting the flux
levels and cross sections to the zero burnup condition after every 45,000
MWD/MTU.

Since the HI-STORM 100 cask system is designed to store many varieties of
PWR fuel, a bounding TPD and BPRA had to be determined for the purposes of
the analysis. This was accomplished by analyzing all of the fuel containing
BPRAs and TPDs (Westinghouse and B&W 14x14 through 17x17) found in
TSAR references [5.2.5] and [5.2.7] listed in Section 5.6 of the TSAR to
determine the TPD and BPRA which produced the highest Co-60 source term and
decay heat for a specific burnup and cooling time. The bounding TPD was
determined to be the Westinghouse 17x17 guide tube plug and the bounding
BPRA was actually determined by combining the higher masses of the
Westinghouse 17x17 and 15x15 BPRAs into a single hypothetical BPRA. The
masses of this TPD and BPRA are listed in Table 5.2.30 of the proposed Revision
11 of the HI-STORM TSAR (see Attachment 5). As mentioned above, TSAR
reference [5.2.5] describes the Westinghouse 14x14 water displacement guide
tube plug as having a steel portion that extends into the active fuel zone. This
particular water displacement guide tube plug was analyzed and determined to be
bounded by the design basis TPD and BPRA.

Once the bounding BPRA and TPD were determined, the Co-60 source from the
BPRA and TPD were specified: 50 Curies for each TPD, and 831 Curies for each
BPRA. Table 5.2.31 of the proposed Revision 11 of the HI-STORM TSAR shows
the Curies of Co-60 that were calculated for BPRAs and TPDs in each region of
the fuel assembly (e.g., incore, plenum, top). An allowable burnup and cooling
time, separate from the fuel assemblies, is used for the BPRAs and TPDs
themselves. These burnup and cooling times assure that the Co-60 activity
remains below the allowable levels specified above. It should be noted that at very
high burnups (greater than 200,000 MWD/MTU) the Co-60 source for a given
cooling time actually decreases as the burnup continues to increase. This is due to
a decrease in the Co-60 production rate as the initial Co-59 impurity is depleted.
Conservatively, a constant cooling time has been specified for burnups from
180,000 to 630,000 MWD/MTU for the TPDs.
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Shielding Evaluation — CRAs and APSRs

Control Rod Assemblies (CRAs) and Axial Power Shaping Rods (APSRs) are an
integral portion of many PWR fuel assemblies going into dry storage. These
devices are utilized for many years (upwards of 20 years) prior to discharge into
the spent fuel pool. The manner in which the CRAs are utilized varies from plant
to plant. Some utilities maintain the CRAs fully withdrawn during normal
operation while others may operate with a bank of rods partially inserted
(approximately 10%) during normal operation. Even when fully withdrawn, the
ends of the CRAs are present in the upper portion of the fuel assembly since they
are never fully removed from the fuel assembly during operation. The result of the
different operating styles is a variation in the source term for the CRAs. In all
cases, however, only the lower portion of the CRAs will be significantly
activated. Therefore, when the CRAs are stored with the PWR fuel assembly, the
activated portion of the CRAs will be in the lower portion of the cask. CRAs are
fabricated of various materials. The cladding is typically stainless steel, although
Inconel has been used. The absorber can be a single material or a combination of
materials. Silver-Indium-Cadmium (Ag-In-Cd) is possibly the most common
absorber, although B4C in aluminum is used, and hafnium has also been used. Ag-
In-Cd produces a noticeable source term in the 0.3-1.0 MeV range due to the
activation of Ag. The source term from the other absorbers is negligible, therefore
the Ag-In-Cd CRAs are the bounding CRAs.

APSRs are used to flatten the axial power distribution during normal operation
and, as a result, these devices achieve a considerably higher activation than
CRAs. There are two types of B&W stainless steel clad APSRs: gray and black.
According to TSAR reference [5.2.5], the black APSRs have 36 inches of Ag-In-
Cd as the absorber while the gray ones use 63 inches of Inconel as the absorber.
Because of the Cobalt-60 source from the activation of Inconel, the gray APSRs
produce a higher source term than the black APSRs and therefore are the
bounding APSR.

Since the level of activation of CRAs and APSRs can vary, the quantity that can
be stored in an MPC is being limited to four CRAs and/or APSRs. These four
devices are required to be stored in the inner four locations in the MPC-24, MPC-
24E, MPC-24EF, and MPC-32 as specified in Appendix B to the CoC.

In order to determine the impact on the dose rates around the HI-STORM 100
System, source terms for the CRAs and APSRs were calculated using SAS2H and
ORIGEN-S. In the ORIGEN-S calculations the cobalt-59 impurity level was
conservatively assumed to be 0.8 gm/kg for stainless steel and 4.7 gm/kg for
Inconel. These calculations were performed by irradiating 1 kg of steel, Inconel,
and Ag-In-Cd using the flux calculated for the design basis B&W 15x15 fuel
assembly. The total curies of cobalt for the steel and Inconel and the 0.3-1.0 MeV
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source for the Ag-In-Cd were calculated as a function of burnup and cooling time
to a maximum burnup of 630,000 MWD/MTU. For burnups beyond 45,000
MWD/MTU it was assumed, for the purpose of the calculation, that the burned
fuel assembly was replaced with a fresh fuel assembly every 45,000 MWD/MTU.
This was achieved in ORIGEN-S by resetting the flux levels and cross sections to
the 0 MWD/MTU condition after every 45,000 MWD/MTU.

The sources were then scaled by the appropriate mass using the flux weighting
factors for the different regions of the assembly to determine the final source
term. Two different configurations were analyzed for both the CRAs and APSRs
with an additional third configuration analyzed for the APSRs. The
configurations, which are summarized below, are described in Tables 5.2.32, of
the proposed Revision 11 of the TSAR, for the CRAs and Table 5.2.33, of the
proposed Revision 11 of the TSAR, for the APSR. The masses of the materials
listed in these tables were determined from a review of TSAR reference [5.2.5]
with bounding values chosen. The masses listed in Tables 5.2.32 and 5.2.33 do
not match exact values from TSAR reference [5.2.5] because the values in the
reference were adjusted to the lengths shown in the tables.

Configuration 1: CRA and APSR

This configuration had the lower 15 inches of the CRA and APSR activated at full
flux with two regions above the 15 inches activated at a reduced power level. This
simulates a CRA or APSR which was operated at 10% insertion. The regions
above the 15 inches reflect the upper portion of the fuel assembly.

Configuration 2: CRA and APSR

This configuration represents a fully removed CRA or APSR during normal core
operations. The activated portion corresponds to the upper portion of a fuel
assembly above the active fuel length with the appropriate flux weighting factors
used.

Configuration 3: APSR

This configuration represents a fully inserted gray APSR during normal core
operations. The region in full flux was assumed to be the 63 inches of the
absorber.

Tables 5.2.34 and 5.2.35 of proposed Revision 11 of the TSAR present the source
terms that were calculated for the CRAs and APSRs, respectively. The only
significant source from the activation of Inconel or steel is Co-60 and the only
significant source from the activation of Ag-In-Cd is in the range of 0.3-1.0 MeV.
The source terms for CRAs, Table 5.2.34, were calculated for a maximum burnup
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of 630,000 MWD/MTU and a minimum cooling time of 5 years. Because of the
significant source term in APSRs that have seen extensive in-core operations, the
source term in Table 5.2.35 was calculated to be a bounding source term for a
variable burnup and cooling time as outlined in Appendix B to the CoC. The very
large Cobalt-60 activity in Configuration 3 in Table 5.2.35 is due to the assumed
Cobalt-59 impurity level of 4.7 gm/kg. If this impurity level was similar to the
assumed value for steel, 0.8 gm/kg, this source would decrease by approximately
a factor of 5.8.

Shielding Summary

Section 5.4.6 of proposed Revision 11 of the HI-STORM TSAR provides the dose
rate increase due to the inclusion of BPRAs, TPDs, CRAs, and APSRs. The data
in this section indicate that BPRAs result in the highest dose rate increase on the
radial surfaces of the cask while the APSRs result in the largest dose rate increase
in the bottom of the cask. The increase in the dose rates at the bottom of the cask
will not significantly affect occupational exposure. Therefore, the additional dose
rate from the BPRAs was included in the design basis analysis presented in
Section 5.1 and in the dose rates calculated in Section 5.4 of the proposed
Revision 11 of the HI-STORM TSAR found in Attachment 5. The occupational
exposure estimates provided in Chapter 10 of the TSAR were also revised to
include the dose rate contribution from BPRAs. These new values can be found in
proposed Revision 11 of Chapter 10 in Attachment 5. The controlled area
boundary dose rate analysis provided in Chapter 5 of Revision 10 of the TSAR
was not revised to include the effect of BPRAs because this analysis had been
performed with a bounding burnup and cooling time of 52.5 GWD/MTU and 5
year cooling.

In conclusion, the shielding analysis has been revised to include the additional
dose rate from non-fuel hardware. While the dose rates around the HI-TRAC have
increased as a result of including this non-fuel hardware, the safety of the system
has not been compromised.

Criticality Evaluation

For MPC:s filled with pure water, the reactivity of any PWR assembly with non-
fuel hardware inserted into the guide tubes is bounded by (i.e. lower than) the
reactivity of the same assembly without the inserts. This is due to the fact that the
inserts reduce the amount of moderator, while the amount of fissile material
remains unchanged. In the presence of soluble boron in the water, especially for
higher soluble boron concentrations, it is possible that the non-fuel hardware in
the PWR assembly results in an increase of reactivity. This is due to the fact that
the insert not only replaces water, but also the neutron absorber in the water. To
account for this effect, analyses with and without non-fuel hardware in the



U. S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Document ID 5014399

Attachment 1

Page 27 of 70

assemblies have been performed for higher soluble boron concentrations (see
Tables 6.4.6 and 6.4.10 of Proposed Rev. 11 of the TSAR). The highest
reactivities for either case are used as the basis of the criticality evaluation.

Proposed Change No. 15

Certificate of Compliance, Appendix B, Table 2.1-1:

Item IT.A.2 is revised to authorize a broader range of BWR damaged fuel, beyond
the currently authorized Dresden Unit 1 and Humboldt Bay damaged fuel. The
additional damaged fuel must be loaded into the new generic BWR DFC for

loading into the MPC-68. Further, the damaged fuel is only authorized for
loading into the 16 peripheral fuel storage locations, called out numerically in
revised Item IL.B.3. Damaged fuel assemblies meeting the same specifications are
also proposed to be authorized for loading into the MPC-68FF as discussed later
in this section.

Reason for Proposed Change

Most users have at least some fuel assemblies destined for dry storage that would
be classified as damaged fuel assemblies in accordance with the CoC. The
current CoC only authorizes damaged fuel from Dresden Unit 1 and Humboldt
Bay for storage. The CoC needs to be expanded to accommodate customer needs.

Justification for Proposed Change

Structural Evaluation

The only structural requirements on the contents of a BWR or PWR fuel basket
are that the total weight per cell does not exceed the design basis weight (700 Ibs
for BWR assemblies and 1,680 1bs for PWR assemblies), and that loading of these
assemblies does not alter the temperature limits used in the design basis analyses.
The damaged fuel assemblies covered by this change, together with the
appropriate DFC, satisfy these restrictions, so that no additional structural
evaluation is necessary.

Thermal Evaluation

The thermal performance characteristics of the most heat resistive Zircaloy and
stainless steel clad BWR fuel assemblies, encased in the proposed DFC design,
have been evaluated in support of this amendment. The interruption of thermal
radiation heat exchange between the fuel assembly and the fuel basket by the
DFC renders the DFC configuration more restrictive than the non-DFC
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configuration. The thermal performance characteristics of MPC-68s loaded
entirely with fuel assemblies in BWR DFCs were evaluated, using the same
methods employed to evaluate the previously approved MPC-68 with Dresden
Unit 1 and Humboldt Bay damaged fuel, and appropriate decay heat loads
determined. It is noted that this amendment only requests loading of 16 BWR
DFCs, so the thermal evaluations of MPCs completely loaded with fuel in DFCs
is highly conservative.

Shielding Evaluation

See the shielding evaluation for Proposed Change Number 10.

Criticality Evaluation

Criticality calculations have been performed for an MPC-68 loaded with intact
and damaged fuel/fuel debris (up to 16 damaged fuel assemblies placed in DFCs)
and maximum enrichments of up to 4.0 wt% “*>U for the damaged fuel/fuel debris
and up to 3.7 wt% >°U for the intact fuel. The calculations use a bounding
approach to account for the possible wide variation of fuel distribution inside the
DFC, based on the analysis of arrays of bare fuel rods. Also, typical damaged fuel
conditions such as missing rods or collapsed assemblies are analyzed for selected
array/classes. The analyses are presented in Section 6.4.4.2 of proposed Revision
11 of the TSAR (see Attachment 5). The maximum calculated ke is 0.9328,
which demonstrates that the cask system is in compliance with the regulatory
requirement of kegr < 0.95 for all BWR fuel array/classes.

Proposed Change No. 16*

Certificate of Compliance, Appendix B, Table 2.1-1:

New Items ILA.5 and III.A.7 are added to Table 2.1-1 for MPC-68 and MPC-68F
as shown in the attached marked-up pages of the CoC table to allow storage of
one Dresden Unit 1 (D-1) Thoria Rod Canister in these MPC models. Drawings of
the D-1 Thoria Rod Canister were provided in LAR 1008-1 submitted to the NRC
in November, 1999 for the HI-STAR 100 System (Docket 72-1008). Figure
2.1.2A is added to the TSAR showing key dimensions and major fabrication
details for the Thoria Rod Canister (see Attachment 5). Conforming revisions are
also made to Appendix B, Items II.B and III.B.

Reason for Proposed Change

Dresden Unit 1 needs to place one Thoria Rod Canister into dry storage to support
plant decommissioning.



U. S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Document ID 5014399

Attachment 1

Page 29 of 70

Justification for Proposed Change

Structural Evaluation

The Dresden Unit 1 Thoria Rod Canister has been structurally evaluated by
Holtec International and found to meet all required design requirements for
storage in the HI-STORM 100 system. The details of this evaluation are
contained in proposed Revision 11 TSAR Appendix 3.AR, included in
Attachment 5 to this letter. All required safety margins are greater than zero or, in
other words, the factors of safety are greater than 1.0.

Thermal Evaluation

The Thoria Rod Canister is designed to hold a maximum of 20 fuel rods arrayed
in a 5x4 configuration. Eighteen rods are actually in the canister. The fuel rods
contain a mixture of enriched UQO; and thorium oxide in the fuel pellets. The fuel
rods were originally constituted as part of an 8x8 fuel assembly and used in the
second and third cycle of Dresden-1 operation. The maximum fuel burnup of
these rods is quite low (< 16,000 MWD/MTIHM). The Thoria Rod Canister
internal design is a honeycomb structure formed from 12 gage stainless steel
plates. The rods are loaded in individual square cells and thus are isolated from
each other by the cell walls. The few number of rods (18 per assembly) and very
low burnup of fuel stored in these Dresden-1 canisters render them as miniscule
sources of decay heat. The canister all-metal internal honeycomb construction
serves as an additional means of heat dissipation in the fuel cell space. In
accordance with preferential fuel loading requirements imposed in the Approved
Contents section of Appendix B to the CoC, low burnup fuel is required to be
loaded toward the basket periphery (i.e., away from the hot central core of the fuel
basket). All these considerations provide ample assurance that these fuel rods will
be stored in a benign thermal environment and therefore remain protected during
long-term storage.

Shielding Evaluation

The Dresden Unit 1 Thoria Rod Canister contains 18 thoria rods that have
obtained a relatively low burnup, 16,000 MWD/MTIHM. These rods were
removed from two 8x8 fuel assemblies that contained 9 rods each. The irradiation
of thorium produces an isotope that is not commonly found in depleted uranium
fuel. Th-232, when irradiated, produces U-233. The U-233 can undergo an (n,2n)
reaction that produces U-232. The U-232 decays to produce T1-208 that produces
a 2.6 MeV gamma during beta decay. This results in a significant source in the
2.5-3.0 MeV range that is not commonly present in depleted uranium fuel.
Therefore, this single DFC container was analyzed to determine if it was bounded
by the current shielding analysis.
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A radiation source term was calculated for the 18 thoria rods using SAS2H and
ORIGEN-S for a burnup of 16,000 MWD/MTIHM and a cooling time of 18
years. Table 5.2.36 of proposed Revision 11 of the HI-STORM TSAR
(Attachment 5) describes the 8x8 fuel assembly that contains the thoria rods.
Table 5.2.37 and 5.2.38 of proposed Revision 11 of the HI-STORM TSAR shows
the gamma and neutron source terms, respectively, that were calculated for the 18
thoria rods in the Thoria Rod Canister. Comparing these source terms to the
design basis 6x6 source terms for Dresden Unit 1 fuel in TSAR Tables 5.2.7 and
5.2.18 clearly indicates that the design basis source terms bound the thoria rod
source terms in all neutron groups and in all gamma groups except the 2.5-3.0
MeV group. As mentioned above, the thoria rods have a significant source in this
energy range due to the decay of T1-208.

It is obvious that the neutron spectrum from the 6x6 fuel assembly bounds the
thoria rod neutron spectra with a significant margin. In order to demonstrate that
the gamma spectrum from the single Thoria Rod Canister is bounded by the
gamma spectrum from the design basis 6x6 fuel assembly, the gamma dose rate
on the outer radial surface of the 100-ton HI-TRAC transfer cask and the HI-
STORM overpack was estimated conservatively assuming an MPC-68 filled with
Thoria Rod Canisters. This gamma dose rate was compared to an estimate of the
dose rate from an MPC full of design basis 6x6 fuel assemblies. The gamma dose
rate from the 6x6 fuel was higher for the 100-ton HI-TRAC and only 17% lower
for the HI-STORM overpack than the dose rate from an MPC full of Thoria Rod
Canisters. This, in conjunction with the significant margin in neutron spectrum
and the fact that only one thoria rod canister is proposed to be authorized for
storage in the HI-STORM 100 System clearly demonstrates that the Thoria Rod
Canister is acceptable for storage in the MPC-68 or the MPC-68F.

Criticality Evaluation

The Thoria Rod Canister is similar to a DFC with an internal separator assembly
containing 18 fuel rods. The configuration is illustrated in proposed Revision 11
TSAR Figure 6.4.19 (see Attachment 5). The ke value for an MPC-68/68F filled
with Thoria Rod Canisters is calculated to be 0.18. This low reactivity is
attributed to the relatively low content in 2°U (equivalent to UO, fuel with an
enrichment of approximately 1.7 wt% ***U), the large spacing between the rods
(the pitch is approximately 17, the cladding outside diameter is 0.412”), and the
absorption in the separator assembly. Together with the maximum ks values
listed in TSAR Tables 6.1.7 and 6.1.8 this result demonstrates that the ke for a
Thoria Rod Canister loaded into the MPC-68 or the MPC-68F together with other
approved fuel assemblies or DFCs will remain well below the regulatory
requirement of kegr < 0.95.
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Confinement Evaluation

The HI-STORM confinement analyses have been revised to account for several
new isotopes associated with the Thoria Rod Canister. These isotopes (Bi-212,
Pb-212, Po-216, Ra-224, Rn-220, Th-228 and U-232) had a negligible effect on
the resulting doses because only one Thoria Rod Canister is authorized for
loading in an MPC-68 or —68F with 67 other design basis BWR assemblies.
Therefore, the Thoria Rod isotopes are not included in the presentation of the
confinement analysis inputs or results in the TSAR.

Proposed Change No. 17*

Certificate of Compliance, Appendix B, Table 2.1-1

New Items IL.D and IILD are added as shown in the attached marked-up CoC
pages to authorize Dresden Unit 1 fuel assemblies containing up to one antimony-
beryllium neutron source in the assembly lattice for storage.

Reason for Proposed Change

Dresden Unit 1 needs to place fuel assemblies containing antimony-beryllium
neutron sources into dry storage to support plant decommissioning.

Justification for Propesed Change

Structural Evaluation

The structural evaluation is not affected because the fuel assembly parameters
used in the design basis structural evaluations are not affected by this change.
The neutron sources have no impact on component temperatures or fuel assembly
size and weight.

Thermal Evaluation

The substitution of antimony-beryllium sources in a fuel assembly in lieu of heat
emitting fuel rods is bounded by the existing thermal analyses, which assume
decay heat production from the replaced fuel rods.

Shielding Evaluation

Dresden Unit 1 has antimony-beryllium neutron sources that are placed in the
water rod location of their fuel assemblies. These sources are steel rods that
contain a cylindrical antimony-beryllium source that is 77.25 inches in length.
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The steel rod is approximately 95 inches in length. Information obtained from
Dresden Unit 1 characterizes these sources in the following manner: “About one-
quarter pound of beryllium will be employed as a special neutron source material.
The beryllium produces neutrons upon gamma irradiation. The gamma rays for
the source at initial start-up will be provided by neutron-activated antimony
(about 865 curies). The source strength is approximately 1E+8 neutrons/second.”

As stated above, beryllium produces neutrons through gamma irradiation and, in
this particular case, antimony is used as the gamma source. The threshold gamma
energy for producing neutrons from beryllium is 1.666 MeV. The outgoing
neutron energy increases as the incident gamma energy increases. Sb-124, that
decays by beta decay with a half-life of 60.2 days, produces a gamma of energy
1.69 MeV that is just energetic enough to produce a neutron from beryllium.
Approximately 54% of the beta decays for Sb-124 produce gammas with energies
greater than or equal to 1.69 MeV. Therefore, the neutron production rate in the
neutron source can be specified as 5.8E-6 neutrons per gamma
(1E+8/865/3.7e+10/0.54) with energy greater than 1.666 MeV or 1.16E+5
neutrons/curie (1E+8/865) of Sb-124.

With the short half life of 60.2 days, all of the initial Sb-124 is decayed and any
Sb-124 that was produced while the neutron source was in the reactor is also
decayed since these neutron sources are required to have the same minimum
cooling time as the Dresden 1 fuel assemblies (array classes 6x6A, 6x6B, 6x6C,
and 8x8A) of 18 years. Therefore, there are only two possible gamma sources that
can produce neutrons from this antimony-beryllium source. The first is the
gammas from the decay of fission products in the fuel assemblies in the MPC.
The second gamma source is from Sb-124 that is produced in the MPC from
neutron activation by neutrons from the decay of fission products.

MCNP calculations were performed to determine the gamma source as a result of
decay gammas from fuel assemblies and Sb-124 activation. The calculations
explicitly modeled the 6x6 fuel assembly described in Table 5.2.2 of Revision 10
of the HI-STORM TSAR. A single fuel rod was removed and replaced by a guide
tube. In order to determine the amount of Sb-124 that is activated from neutrons
in the MPC it was necessary to estimate the amount of antimony in the neutron
source. The O.D. of the source was assumed to be the LD. of the steel rod
encasing the source (0.345 in.). The length of the source is 77.25 inches. The
beryllium is assumed to be annular in shape encompassing the antimony. Using
the assumed O.D. of the beryllium and the mass and length, the ILD. of the
beryllium was calculated to be 0.24 inches. The antimony is assumed to be a solid
cylinder with an O.D. equal to the LD. of the beryllium. These assumptions are
conservative since the antimony and beryllium are likely encased in another
material that would reduce the mass of antimony. A larger mass of antimony is
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conservative since the calculated activity of Sb-124 is directly proportional to the
initial mass of antimony.

The number of gammas from fuel assemblies with energies greater than 1.666
MeV entering the 77.25 inch long neutron source was calculated to be 1.04E+8
gammas/sec that would produce a neutron source of 603.2 neutrons/sec (1.04E+8
*5.8E-6). The steady state amount of Sb-124 activated in the antimony was
calculated to be 39.9 curies. This activity level would produce a neutron source of
4.63E+6  neutrons/sec  (39.9*1.16E+5) or 6.0E+4 neutrons/sec/inch
(4.63E+6/77.25). These calculations conservatively neglect the reduction in
antimony and beryllium that would have occurred while the neutron sources were
in the core and being irradiated at full reactor power.

Since this is a localized source (77.25 inches in length) it is appropriate to
compare the neutron source per inch from the design basis Dresden Unit 1 fuel
assembly, 6x6, containing an Sb-Be neutron source to the design basis fuel
neutron source per inch. This comparison, presented in Table 17.1 below,
demonstrates that a Dresden Unit 1 fuel assembly containing an Sb-Be neutron
source is bounded by the design basis fuel.

As stated above, the Sb-Be source is encased in a steel rod. Therefore, the gamma
source from the activation of the steel was considered assuming a burnup of
120,000 MWD/MTU which is the minimum burnup assuming the Sb-Be source
was in the reactor for the entire 18-year life of Dresden Unit 1. The cooling time
was assumed to be 18 years that is the minimum cooling time for Dresden Unit 1
fuel. The source from the steel is bounded by the design basis fuel assembly. In
conclusion, storage of a Dresden Unit 1 Sb-Be neutron source in a Dresden Unit 1
fuel assembly is acceptable and bounded by the current analysis.
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Table 17.1
Comparison of Neutron Source per Inch per Second for
Design Basis 7x7 Fuel and Design Basis Dresden Unit 1 Fuel

Assembly | Active Neutrons | Neutrons Reference for neutrons
fuel per sec per | per sec per | per sec per inch
length inch inch with
(inches) Sb-Be

source

7x7 144 9.17E+5 N/A Table 5.2.17 Rev. 11

design HI-STORM TSAR

basis 40 GWD/MTU and 5

year cooling

6x6 110 2.0E+5 2.6E+5 Table 5.2.18 Rev. 10

design HI-STORM TSAR

basis

6x6 110 3.06E+5 3.66E+5 Table 5.2.23 Rev. 10

design HI-STORM TSAR

basis

MOX

Criticality Evaluation

The reactivity of a fuel assembly is not affected by the presence of a neutron
source (other than by the presence of the material of the source, which is
discussed later). This is true because in a system with a kg less than 1.0, any
given neutron population at any time, regardless of its origin or size, will decrease
over time. Therefore, a neutron source of any strength will not increase reactivity,
but only the neutron flux in a system, and no additional criticality analyses are
required. Sources are inserted as rods into fuel assemblies, i.e., they replace either
a fuel rod or water rod (moderator). Therefore, the insertion of the material of the
source into a fuel assembly will also not lead to an increase of reactivity.

Proposed Change No. 18

Certificate of Compliance, Appendix B, Table 2.1-1

Items HI.A.1.f, g, and h are revised as shown in the attached CoC markups to
correct these dimensional limits to match the dimensions for Zircaloy fuel
assembly array/classes 6x6A, 6x6C, 7x7A, and 8x8A (Dresden Unit 1 and
Humboldt Bay). Only these array/classes (and 6x6B MOX fuel) are authorized
for loading into the MPC-68F. This is simply an editorial change because fuel
assemblies exceeding the correct dimensional limits would not be able to be
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inadvertently loaded as they would not fall into the above-mentioned
array/classes.

Reason and Justification for Proposed Change

Editorial corrections.

Proposed Change No. 19

Certificate of Compliance, Appendix B, Table 2.1-1

New Item IV is added to the table for MPC-24E. See also, proposed Change
Number 29.

Reason for Proposed Change

The MPC-24E provides for storage of higher enriched fuel than the MPC-24
through the optimization of the storage cell layout. In addition, storage of
damaged PWR fuel assemblies in generic PWR DFC is authorized. This change
is required to meet customers’ needs for storage of higher enriched fuel and
damaged fuel. The MPC-24E has been analyzed for storage of two ranges of
enrichment for PWR fuel. The lower of the two ranges has been analyzed with
unborated water in the MPC during wet loading and unloading operations and the
higher range has been analyzed with credit taken for soluble boron in the MPC
water (see associated changes to Table 2.1-2 and Proposed Change Number 3).

Justification for Proposed Change

The MPC-24E is a very close variant of the previously approved MPC-24.
Holtec’s engineers and analysts have taken advantage of optimizing the fuel
storage cell configuration, flux trap sizes, and '°B loading in the Boral, while still
meeting subcriticality requirements. The basic honeycomb basket structure
remains unchanged. The structural and thermal characteristics of the basket are
virtually the same as the MPC-24. There is an effect on the confinement analysis
due to the addition of damaged fuel. A detailed discussion of this change is
provided below, arranged by technical discipline.

Structural Evaluation

A finite element model of the MPC-24E fuel basket was prepared in the same
manner that was used for the previously approved MPC-24 and MPC-68 fuel
baskets. The analyses of the MPC-24E fuel basket under applied inertia loads,
simulating a handling accident, have been carried out to obtain primary stresses in
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the fuel basket structure and in the MPC shell. The safety factors, after applying
the appropriate dynamic amplifier, exceed 1.0 and are reported in the proposed
TSAR revision in appropriate tables in Chapter 3, Subsection 3.4. Text in Chapter
3 of the TSAR has been appropriately modified to reflect the addition of this new
fuel basket. All other structural analyses currently approved have been reviewed
to ensure that the bounding loads used as input for the specific structural analyses
remained bounding. The bounding weights used as input for the TSAR analyses
were not changed by the addition of this new basket; therefore, previously
reported safety factors in the TSAR are not altered by this new fuel basket. See
Attachment 5 for proposed TSAR changes.

Thermal Evaluation

With respect to thermal performance, the MPC-24E configuration is slightly
different (symmetric basket layout) from the previously approved MPC-24, but
employs the same general construction (integral honeycomb basket) and the same
heat rejection mechanisms. The thermal performance of the MPC-24E design has
been evaluated, in support of this amendment request, using the analysis methods
employed to determine the performance of the previously approved MPC-24 and
MPC-68. The substantial conservative assumptions embedded in the evaluations
of the MPC-24 and MPC-68 designs have also been incorporated in the
evaluations of the MPC-24E. Allowable decay heat loads have been determined
for design-basis (DB) intact Zircaloy clad, damaged Zircaloy clad, and stainless
steel clad fuel that ensure safe long-term storage of SNF in the MPC-24E. The
HI-STORM temperature field for the MPC-24E loaded with design-basis heat
emitting fuel was calculated and is reported in proposed revisions to HI-STORM
TSAR Chapter 4 (see Attachment 5).

Shielding Evaluation

From a shielding perspective, the new MPC-24E is identical to the MPC-24 and
therefore was not explicitly analyzed. The different fuel cell pitch in the MPC-
24E, compared to the MPC-24, will have little impact on the dose rates outside
the overpack. In addition, all of the steel fuel cell walls in the MPC-24E are 5/16
inch thickness and provide somewhat more shielding compared to the MPC-24
(which utilizes both 9/32 and 5/16 inch walls). The analysis of the MPC-24 in
Chapter S of the proposed Revision 11 of the HI-STORM TSAR conservatively
bounds the allowable contents for both the MPC-24 and the MPC-24E.

Criticality Evaluation

In order to increase the maximum permissible fuel enrichment for the MPC-24E
compared to the MPC-24, the following changes were introduced into the MPC-
24E:
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e The fuel storage cells and flux traps are arranged in a fully symmetric manner,
which allows moving some cells further away from the center of the basket.
This results in increased flux traps in some areas of the basket.

o The I°B loading of the Boral is increased from 0.0267 (minimum) to 0.0372
g/cm2 (minimum). This requires a change in the Boral thickness from 0.082
inches to 0.101 inches.

e The cell pitch is slightly increased.

Additionally, four of the peripheral cells have an increased cell ID to
accommodate PWR Damaged Fuel Containers. This results in decreased flux
traps for these cells.

Overall, this design allows an increase in the maximum permissible fuel
enrichment of 0.4 wt% *>U for most fuel classes, while maintaining the same
level of margin toward the regulatory requirement of K. < 0.95. The maximum
ket for the bounding assembly in each class is listed in Table 6.1.3 in Section 6.1
of the proposed Revision 11 of the TSAR (see Attachment 5).

Additionally, the MPC-24E is analyzed with credit taken for soluble boron
present in the water during wet loading and unloading operations. With a
minimum soluble boron concentration in the water of 300 ppmb, a maximum
enrichment of 5.0 wt% 2*°U for all assembly classes is permissible. To ensure that
the actual ke is always below the maximum calculated K, the following
additional conservative assumptions are applied in the calculations with soluble
boron.

o The pellet to clad gap is assumed to be flooded with pure, unborated water.

e The water above and below the active regions is assumed to be pure,
unborated water.

The maximum ke for the bounding assembly in each class for this condition is
listed in Table 6.1.4 in Section 6.1 of the Proposed Rev. 11 of the TSAR.

Confinement Evaluation

From a confinement perspective, the evaluation for the MPC-24 and MPC-24E
are identical with the exception of the minimum free volume in the MPC cavity.
The MPC-24E minimum free volume is slightly less than the MPC-24 due to
increased thickness of the basket cell walls and the presence of more basket cell
walls. This increases the concentration of radionuclides slightly due to the
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smaller dilution volume. The resultant doses from the MPC-24E are presented in
TSAR Table 7.3.2 in proposed Revision 11 of the TSAR and bound the doses
from the MPC-24 (see Attachment 5).

Proposed Change No, 20

Certificate of Compliance, Appendix A, Table 3-1 and Appendix B, Table 2.1-1

New Item V is added to the table for MPC-32.
Reason for Proposed Change

The MPC-32 allows users to place PWR fuel into dry storage using one third
fewer casks due to its increased storage capacity over the MPC-24 and MPC-24E.
Fewer casks to load decreases the probability of cask handling mishaps, reduces
the overall occupational exposure for the fuel loading campaign, and reduces
customer cost.

Justification for Proposed Change

The MPC-32 basket design is very similar to the previously approved BWR
MPC-68. However, unlike the MPC-24 series PWR basket, no flux traps are
used. As such, credit for soluble boron is taken in the MPC-32 criticality analyses
for all authorized fuel enrichments. Two ranges of enrichment, with two separate
minimum boron concentration requirements have been analyzed (see associated
changes to Table 2.1-2 and Proposed Change Number 3). A detailed discussion
of this change is provided below, arranged by technical discipline.

Structural Evaluation

The structural analysis of the MPC-32 was considered in the initial versions of the
HI-STAR TSAR (Docket 72-1008). The review of the structural analysis of the
MPC-32 fuel basket was performed by the NRC staff and all structural questions
from the NRC staff resolved. Prior to final approval of the HI-STAR TSAR,
however, the MPC-32 basket was removed from the submittal to permit final
resolution of some outstanding non-structural issues without a delay in the CoC
approval process. The MPC-32 was also removed from the HI-STORM TSAR
submittal at the same time.

The re-introduction of the MPC, from a structural point of view, required only the
addition back into the text and appendices previously reviewed calculations and
results. To that end, all TSAR text, tables, and appendices have been reviewed
and updated to include the MPC-32 input data and structural results. The finite
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element model of the MPC-32 fuel basket was originally prepared at the same
time and in the same manner as the currently reviewed and approved MPC-24 and
MPC-68 fuel baskets. The analyses of the MPC-32 fuel basket under applied
inertia loads, simulating a handling accident was carried out to obtain stresses in
the fuel basket structure and in the MPC shell. The safety factors, previously
reviewed, after applying the appropriate dynamic amplifier, exceed 1.0 and are re-
introduced into the TSAR document in the appropriate tabular form. Since the
MPC-32 was (and still is) the heaviest MPC when fully loaded, there has been no
change in the bounding loads used as input for other calculations. Appropriate
text and tables in Section 3 of the TSAR have been updated to reflect the presence
of this new fuel basket (see Attachment 5). The changes to the MPC-32 drawings
as described in Section III of this attachment, were reviewed and found to be
insignificant with respect to the structural evaluation. No new structural
evaluations have been introduced into the TSAR as a result of restoring the MPC-
32.

Thermal Evaluation

With respect to thermal performance, the MPC-32 design for PWR fuel is akin to
the previously approved MPC-68 for BWR fuel in that the same general
construction and the same heat rejection mechanisms are present. The thermal
performance of the MPC-32 design has been evaluated, in support of this
amendment, using the analysis methods employed to determine the performance
of the previously approved MPC-24 and MPC-68. The substantial conservative
assumptions embedded in the evaluations of the MPC-24 and MPC-68 designs
have also been incorporated in the evaluations of the MPC-32. Allowable decay
heat loads have been determined for design-basis (DB) intact Zircaloy and
stainless steel clad fuel that ensure safe long-term storage of SNF in the MPC-32.
The HI-STORM temperature field for the MPC-32 loaded with design-basis heat
emitting fuel was calculated and is reported in proposed revisions to HI-STORM
TSAR Chapter 4 (see Attachment 5). This analysis demonstrates substantial
cladding thermal margins.

Shielding Evaluation

The MPC-32 was explicitly analyzed in Chapter 5 of the proposed Revision 11 to
the HI-STORM TSAR (see Attachment 5). The dose rates around the HI-STORM
overpack were conservatively analyzed at a burnup of 45,000 MWD/MTU and 5
year cooling for the MPC-32. Only the 100-ton HI-TRAC was analyzed with the
MPC-32 since those dose rates bound the dose rates from the 125-ton HI-TRAC.
The burnup and cooling times used for the HI-TRAC analysis are consistent with
the burnup and cooling times specified in the proposed changes to the Approved
Contents section of Appendix B to the CoC. Since the specified burnups and
cooling times for the MPC-32 are considerably lower than the MPC-24, the MPC-
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24 was still used for the site-boundary evaluation to demonstrate compliance with
10CFR72.104. In addition, because of the differences in burnup and cooling times
between the MPC-32 and the MPC-24, the radial dose rates from the MPC-24 are
typically higher than for the MPC-32. Therefore, the MPC-24 was still used for
the dose rate evaluations in Chapter 10.

Sections 5.1 and 5.4 of proposed Revision 11 of the HI-STORM TSAR report the
calculated dose rates for the MPC-32 and Section 5.2 reports the source terms
used for the MPC-32 evaluations.

Criticality Evaluation

The MPC-32 is analyzed with credit for soluble boron present in the water during
wet loading and unloading operations. Two soluble boron concentrations are used
in the analysis, 1900 ppmb and 2600 ppmb. With a minimum soluble boron
concentration in the water of 1900 ppmb, a maximum enrichment of 4.1 wt% 2>°U
for all authorized fuel assembly array/classes is permissible. At 2600 ppmb, a
maximum enrichment of 5.0 wt% *U for all authorized fuel assembly
array/classes is permissible. Consistent with the analysis for the MPC-24E, the
following additional conservative assumptions are applied to ensure that the
actual ke is always below the maximum calculated K.

¢ The pellet to clad gap is assumed to be flooded with pure, unborated water.

* The water above and below the active regions is assumed to be pure,
unborated water.

The maximum kg for the bounding assembly in each class for the two soluble
boron levels is listed in Tables 6.1.5 and 6.16 in Section 6.1 of the Proposed Rev.
11 of the TSAR (see Attachment 5).

Confinement Evaluation

The MPC-32 is explicitly analyzed in Chapter 7 of proposed Revision 11 of the
HI-STORM TSAR. The radionuclide inventories were conservatively calculated
assuming the design basis assembly at a burnup of 70,000MWD/MTU at a 5 year
cooling time. The fuel specifications in the Approved Contents section of
Appendix B to the CoC limit the fuel assembly burnup to well below 70,000
MWD/MTU for 5-years cooling time, ensuring that this inventory exceeds that of
the actual fuel acceptable for loading into the MPC-32. The resultant doses are
summarized in Table 7.3.3 of proposed Revision 11 of the TSAR (see Attachment
5).
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Proposed Change No. 21

Certificate of Compliance, Appendix B, Table 2.1-1

New Item VI is added to the table for MPC-68FF.
Reason for Proposed Change

The MPC-68FF allows users to place BWR fuel debris into dry storage where this
was previously not authorized beyond Dresden Unit 1 and Humboldt Bay Fuel.
User feedback on fuel condition indicates that some fuel assemblies destined for
dry storage would be classified as fuel debris in accordance with the CoC.

Justification for Proposed Change

The MPC-68FF combines the thickened top portion of the previously approved
MPC-68F shell with the maximized '°B loading in the Boral neutron absorbers of
the standard MPC-68, to allow storage of a wide range of damaged BWR fuel or
fuel debris, loaded into DFCs. A detailed discussion of this change is provided
below, arranged by technical discipline.

Structural Evaluation

With the exception of the thickened top portion of the MPC shell, the MPC-68FF
is identical to the previously approved MPC-68F. The thickening of the MPC
shell is limited to the closure lid region, and has already been evaluated for
structural integrity and approved as part of the HI-STAR 100 Part 71 SAR.

Thermal Evaluation

With the notable exception of the thickened top portion of the MPC shell, the
MPC-68FF is identical to the previously approved MPC-68. The thickening of the
MPC shell is limited to the closure lid region, and has no impact on the thermal
performance of the MPC. The thermal performance of the MPC-68FF is,
therefore, identical to that of the previously approved MPC-68.

Shielding Evaluation

The MPC-68FF is identical to the MPC-68 from a shielding perspective.
Therefore the analysis of the MPC-68, including damaged fuel, in Chapter 5 of
proposed Revision 11 of the HI-STORM TSAR is applicable for the MPC-68FF
and no explicit analysis of the MPC-68FF is required.
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Criticality Evaluation

The basket structure in the MPC-68FF is identical to the basket structure inside
the MPC-68. More specifically, all dimensions relevant for the criticality analysis
such as pitch, basket wall thickness and 1og loading in the Boral are identical
between MPC-68 and MPC-68FF. Therefore, all criticality results obtained for the
MPC-68 are valid for the MPC-68FF and no further analyses are necessary. With
regard to the analyses of damaged fuel and fuel debris, see Proposed Change No.
5, Holtec Generic BWR DFC.

Confinement Evaluation

The MPC-68FF confinement analysis is bounded by the evaluation of the MPC-
68. The MPC-68FF has a larger MPC lid-to-shell weld, which is necessary for
storage and transportation of fuel debris. The smaller MPC lid-to-shell weld in
the MPC-68 conservatively overestimates the leakage rate from the MPC-68FF.,
Therefore, no separate explicit analysis of the MPC-68FF is required.

Proposed Change No. 22

Certificate of Compliance, Appendix B, Table 2.1-1

New Item VII is added to the table for MPC-24EF.
Reason for Proposed Change

The MPC-24EF allows users to place PWR fuel debris into dry storage where this
was previously not authorized. User feedback on fuel condition indicates that
some fuel assemblies destined for dry storage would be classified as fuel debris in
accordance with the CoC.

Justification for Proposed Change

The MPC-24EF combines the thickened top portion of the previously approved
MPC-68F shell with the newly proposed optimized MPC-24E fuel basket
arrangement, to allow storage of a wide range of damaged PWR fuel or fuel
debris, loaded into DFCs. A detailed discussion of this change is provided below,
arranged by technical discipline.

Structural Evaluation

With the exception of the thickened top portion of the MPC shell, the MPC-24EF
is identical to the proposed MPC-24E design discussed elsewhere in this section
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(Proposed Change No. 19). The thickening of the MPC shell is limited to the
closure lid region, and has already been evaluated for structural integrity and
approved as part of the HI-STAR 100 Part 71 SAR.

Thermal Evaluation

With the notable exception of the thickened top portion of the MPC shell, the
MPC-24EF is identical to the proposed MPC-24E design discussed elsewhere in
this section (Proposed Change No. 19). The thickening of the MPC shell is
limited to the closure lid region, and has no impact on the thermal performance of
the MPC. The thermal performance of the MPC-24EF is, therefore, identical to
that of the previously approved MPC-24. The evaluations of thermosiphon (MPC
convection) and high burnup fuel for the MPC-24E are applicable to the MPC-
24EF.

Shielding Evaluation

The MPC-24EF is identical to the MPC-24E from a shielding perspective.
Therefore the shielding evaluation for Proposed Change No.19 is applicable here.

Criticality Evaluation

The basket structure in the MPC-24EF is identical to the basket structure inside
the MPC-24E. More specifically, all dimensions relevant for the criticality
analysis such as pitch, basket wall thickness and '°B loading in the Boral are
identical between MPC-24E and MPC-24EF. Therefore, all criticality results
obtained for the MPC-24E are valid for the MPC-24EF and no further analyses
are necessary. With regard to the analyses of damaged fuel and fuel debris, see
Proposed Change No. 10, Holtec Generic PWR DFC.

Confinement Evaluation

The MPC-24EF confinement analysis is bounded by the evaluation of the MPC-
24. The MPC-24EF has a larger MPC lid-to-shell weld, which is necessary for
storage and transportation of fuel debris. The smaller MPC lid-to-shell weld in
the MPC-24 conservatively overestimates the leakage rate from the MPC-24EF.
Therefore, no separate explicit analysis of the MPC-24EF is required.
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Proposed Change No. 23

Certificate of Compliance, Appendix B, Table 2.1-2:

Table 2.1-2 is revised to indicate two ranges of enrichment for PWR fuel to be
stored in the MPC-24, MPC-24E, and MPC-24FEF, with and without soluble boron
in the MPC water (see also Proposed Change Numbers 5, 19 and 22).

Reason for Proposed Change

This change is proposed to allow higher enriched PWR fuel to be stored in the
MPC-24, MPC-24E, and MPC-24EF with credit taken for soluble boron in the
MPC water during wet loading and unloading operations.

Justification for Proposed Change

Criticality Evaluation

The MPC-24, MPC-24E, and MPC-24EF are all analyzed with credit taken for the
soluble boron present in the water during wet loading and unloading operations.
With a minimum soluble boron concentration in the water of 400 ppmb in the
MPC-24 or 300 ppmb in the MPC-24E and MPC-24EF, a maximum enrichment
of 5.0 wt% ***U for all authorized fuel assembly array/classes is permissible. To
ensure that the actual kes is always below the maximum calculated ks, the
following additional conservative assumptions are applied in the calculations with
soluble boron.

e The pellet to clad gap is assumed to be flooded with pure, unborated water.

¢ The water above and below the active regions is assumed to be pure,
unborated water.

The maximum kg for the bounding assembly in each class for this condition is

listed in Tables 6.1.2 (MPC-24) and 6.1.4 (MPC-24E and MPC-24EF) in Section
6.1 of proposed Revision 11 of the TSAR (see Attachment 5).

Proposed Change No. 24

Certificate of Compliance, Appendix B, Tables 2.1-2 and 2.1-3

Notes at the end of Tables 2.1-2 and 2.1-3 are revised/added as shown in the
attached marked-up pages of the CoC. Pointers to these notes in the tables are
also revised accordingly.
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Note 3 in both tables is revised to clarify the intent.*

New Note § is added to Table 2.1-2.

New Note 6 is added to Table 2.1-2.

New Note 7 is added to Table 2.1-2

Note 4 in Table 2.1-3 is revised to increase the allowable weight percent of
U-235 in the MOX rods of fuel assembly array/class 6x6B from 0.612 to
0.635. This note is also clarified to state that the weight percentages are to
be calculated based on the total fuel weight (i.e., uranium oxide plus
plutonium oxide).*

Notes 6 and 7 in Table 2.1-3 are swapped.

New Note 11 is added to Table 2.1-3.*

New Note 12 is added to Table 2.1-3.*

New Note 13 is added to Table 2.1-3.*

New Note 14 is added to Table 2.1-3.

Reason for Proposed Changes

a.

As currently worded, it is unclear whether implementation of the tolerance
offered by Note 3 allows adjusting the documented value of the as-delivered
uranium mass for a fuel assembly, or adjusting the uranium mass limit
specified in the table for comparison against users’ fuel records. The intent
is to adjust the uranium mass limit up (within the prescribed tolerance), as
necessary, for comparison against users fuel records. This eliminates a
potential poor practice of users adjusting uranium mass values found on fuel
records.

This note is required to connect the enrichment level for PWR fuel to be
loaded with the LCO for the required boron concentration in the MPC water.

This note is necessary to recognize that this array/class (representing only
the Indian Point Unit 1 fuel assembly) includes two different fuel rod
pitches.
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d.

This note is required due to the addition of damaged PWR fuel to the
authorized contents.

User feedback indicates that there are fuel assemblies with MOX rods
containing less than 1.578 weight percent fissile plutonium in natural
uranium. To bound this situation, the uranium content in the MOX rods is
increased slightly. The second change to Note 4 is proposed to improve
clarity regarding the intent of the note.

These notes are swapped for consistency between the HI-STAR and HI-
STORM for these same notes.

New Note 11 is proposed in response to user feedback that some assemblies
may include non-fuel rods which are filled with zirconium or an alloy of
zirconium material in lieu of water.

New Note 12 is proposed to be added for information on this new
array/class.

New Note 13 is proposed to address a situation for the 9x9E fuel assembly
array/class where one assembly type in the class (SPC 9x9-5) contains rods
of different dimensions within the array.

New Note 14 addresses an issue related to the criticality analyses for
stainless steel clad fuel from the LaCrosse plant.

Justification for Proposed Changes

a.

None. The tolerance in the mass limit allowed by this note is in the
current, approved CoC.

This note provides required logic for proper implementation of the CoC
requirements.

The Indian Point Unit 1 (IP-1) fuel assembly is unique and has been
analyzed separately to account for the two different pitches. Only the IP-1
assembly fits into this array/class. The criticality analysis for the IP-1 fuel
assembly is performed based on the actual configuration with different
pitches in different sectors of the assembly. However, as this assembly
class does not bound any assemblies other than the IP-1, the pitches are
not listed in Table 2.1-2.

The addition of damaged fuel and fuel debris in the PWR MPC-24E and
MPC-24EF requires that the maximum enrichment of all fuel assemblies



U. S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Document ID 5014399

Attachment 1
Page 47 of 70

in the MPC be no greater than the maximum enrichment for the damaged
fuel and fuel debris to preserve the assumptions of the criticality analyses.
In the criticality analysis for damaged fuel in the generic PWR damaged
fuel container, both intact and damaged fuel loaded into the same MPC are
modeled at an enrichment of 4.0 wt% *°U. The results of the analysis
demonstrates that this ensures compliance with the regulatory requirement
of ke <0.95. Therefore, limiting the maximum initial enrichment to 4.0
wt% for this loading situation is a requirement to ensure regulatory
compliance.

All criticality calculations for the 6x6B (MOX) fuel assembly array/class
were re-performed (see proposed revised TSAR Table 6.2.38 in
Attachment 5). The change in reactivity for this change is small (less than
20). This demonstrates that the maximum k¢ remains below 0.95 with the
increased uranium concentration. The second change is proposed for
clarity.

Editorial.

Replacing water with a non-fissile zirconium material will reduce the
amount of moderator without increasing the amount of fissile material.
This results in a decreased reactivity. This situation is comparable to the
overall reduction of water density analyzed in Section 6.4.2.1 of the
TSAR, which shows a decrease of reactivity with decreasing water density
(i.e. decreasing the amount of water in the cask). The existing calculations
assuming water in the water rods are therefore bounding for rods with
non-fissile material in lieu of water.

New fuel assembly array/class 8x8F represents a unique fuel assembly
type known as the QUAD+. New Note 12 is proposed to describe the
unique water rod features of this assembly.

The SPC 9x9-5 fuel assembly is configured with two types of fuel rods
having differing dimensions. Accordingly, the criticality analyses have
been performed considering the varying fuel rod dimensions in the SPC
9x9-5 fuel type. Bounding all fuel rods in the assembly with one set of
rod dimensions is not feasible because of excessive dimensional overlap.

In the criticality analysis for damaged fuel in the generic BWR damaged
fuel container, intact and damaged fuel/fuel debris loaded into the same
MPC are modeled at enrichments of 3.7 wt% 2°U (intact) and 4.0 wt%
23U (damaged/debris). The results of the analysis demonstrate that this
ensures compliance with the regulatory requirement of ker <0.95.
Therefore, limiting the maximum initial enrichment of the intact fuel to
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3.7 wt% for this loading situation is a requirement to ensure the
assumptions of the criticality analyses are preserved.

Proposed Change No. 25%*

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

The maximum allowed design initial uranium masses for selected fuel assemblies
are increased as shown in the marked-up CoC tables. This affects PWR fuel
assembly array/classes 14x14A, 14x14B, 14x14C, 15x15A, 16x16A, 17x17A,
17x17B, and 17x17C in Table 2.1-2 and BWR fuel assembly array/classes 6x6A,
6x6B, 6x6C, 8x8B, 8x8C, 8x8D, 8x8E, 9x9A, 9x9B, 9x9C, 9x9D, 9x9E, 9x9F,
10x10A, 10x10B, and 10x10C in Table 2.1-3.

Reason for Proposed Changes

To respond to user feedback describing certain fuel assemblies which have
uranium masses slightly above the specified limit (including the tolerance allowed
by Note 3 included with Tables 2.1-2 and 2.1-3) for the applicable fuel assembly
array/class. These changes are required to ensure users can load all of the fuel
they plan to place into dry storage.

Justification for Proposed Changes

Structural Evaluation

There is no effect on the existing structural evaluation. The increased uranium
masses do not cause an increase in the overall assembly weight limits in the CoC.
These weights (or greater) were used in the structural evaluation. Since the
allowed assembly weights are not being changed, the structural evaluation is
unaffected.

Thermal Evaluation

There is no effect on the existing thermal evaluation. This is because the allowed
heat load for the cask is computed based on the heat transfer characteristics of the
cask system and permissible peak cladding temperatures. The increase in
uranium mass does not impact any assumption made in determining the heat
transfer characteristics of the cask system.
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Shielding Evaluation

The uranium mass limit is a value that is determined from the shielding analysis.
An increase in the mass of uranium will result in an increase in the neutron and
gamma source term and decay heat load for a specified burnup and cooling time.
The current CoC developed from the analyses in Revision 10 of the HI-STORM
TSAR provides some margin between the analyzed mass of uranium and the
approved mass of uranium as listed in the CoC. The allowable burnup and cooling
times in the CoC were developed by comparing the calculated decay heat for the
design basis assemblies to the allowable decay heat load as determined in the
thermal analysis. The decay heat values that are compared against the limits were
calculated using the mass of uranium listed in Chapter 5 of the HI-STORM TSAR
for the design basis fuel assemblies. Since a lower mass of uranium will result in a
lower decay heat, it is conservative, and provides margin, to specify the allowable
mass of uranium in the current CoC for the design basis fuel assemblies (B&W
15x15 and 7x7) lower than the values analyzed in TSAR Chapter 5.

As discussed in Section 5.2.5 of the HI-STORM TSAR Revision 10, the design
basis assembly was chosen by comparing the source terms for many different
types of assemblies. All of the assemblies were shown to have a lower source
term than the design basis fuel assemblies. For additional conservatism, the mass
of uranium specified in the current CoC for these non-design basis fuel assemblies
is also specified lower than the mass used in the comparison in Chapter 5 of
TSAR Revision 10. This level of conservatism is unnecessary since the decay
heat load used to determine the allowable burnup and cooling times for all
assemblies was the decay heat load from the design basis fuel assemblies.
Therefore, there was already a significant amount of conservatism for the non-
design basis fuel assemblies included by using the design basis decay heat to
determine the allowable burnup and cooling times. Section 5.2.5.3 of Revision 10
of the HI-STORM TSAR provides an indication of the level of conservatism
associated with using the design basis decay heat for the non-design basis fuel
assemblies.

The proposed change in the CoC is to increase the mass of uranium for the non-
design basis fuel assemblies up to the value that was used in the analysis in
Chapter 5 of the HI-STORM TSAR to determine the design basis fuel assembly.
In order to permit a slightly larger increase in the uranium mass loadings relative
to Revision 10 of the HI-STORM TSAR, the analysis in Sections 5.2.5.2 and
5.2.5.3, specifically Tables 5.2.26 and 5.2.28, has been modified to use a slightly
larger uranium mass loading for the 8x8, 9x9, and 10x10 assemblies. As
mentioned above, this change eliminates unnecessary over-conservatism while
still maintaining a significant degree of conservatism and margin for the non-
design basis fuel assemblies. The design basis fuel assemblies and the allowable
mass loading for the design basis fuel assemblies remains unchanged. Therefore,
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the proposed change does not affect the shielding analysis presented in Revision
10 of the HI-STORM TSAR. Additional clarification has been added to the
proposed Revision 11 of the HI-STORM TSAR to discuss this issue (see
Attachment 5).

Criticality Evaluation

The criticality analyses are not affected by the proposed changes to the maximum
allowed design uranium masses shown in the Certificate of Compliance (CoC).
The uranium mass limits in the CoC are determined from the shielding analysis,
and are specified as bounding values for groups of fuel classes (e.g. all B&W
15x15). The criticality analyses are based on an independent bounding
assumption of a fuel stack density of 96.0% of the theoretical fuel density of
10.96 g/cm’. The fuel stack density is approximately equal to 98% of the pellet
density. Therefore, while the pellet density of some fuels might be slightly greater
than 96% of theoretical, the actual stack density will be less. For some fuel
classes, this density assumption results in a uranium mass for the criticality
analyses that is below the value shown in the CoC. However, this only indicates
the conservatism of the shielding analysis for these classes. The criticality
analyses are still valid and bounding for all classes, due to the density assumption
stated above, which is valid for current and future fuel assemblies.

Confinement Evaluation

As described in the shielding evaluation, the values of uranium mass used in the
shielding analyses have not changed. These proposed changes simply increase
the allowed uranium masses for non-design basis fuel assemblies to those used in
the analysis for the design basis fuel assembly. The source terms used in the
confinement analyses were taken from the design basis source terms used in the
shielding analyses. Therefore, the existing confinement evaluation is still
bounding for the proposed new uranium mass limits.

Proposed Change No. 26*

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

Certain fuel assembly parameter limits are revised as shown in the attached
marked-up CoC tables. This affects PWR fuel assembly array/class 14x14C in
Table 2.1-2 and BWR fuel assembly array/classes 6x6A, 6x6B, 7x7A, 7x7B,
8x8A, 8x8B, 8x8D, 9x9B, 9x9D, 9x9E, 9x9F, and 10x10C in Table 2.1-3.
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Reason for Proposed Changes

To respond to user feedback describing certain fuel assemblies that have
parameters outside of the limits in the existing CoC Tables. These changes are
required to ensure users can load all of the fuel they plan to place into dry storage.

Justification for Proposed Changes

Structural Evaluation

The proposed changes to fuel parameter limits for some of the existing fuel
assembly array/classes have no impact on the structural evaluation because the
design basis weights used in the analyses (and provided as limits elsewhere in the
CoC) are not changed, the design basis temperatures are not changed, and the
geometry of the fuel assemblies (also limited by the CoC) are not changed.

Thermal Evaluation

The active fuel length for array/classes 6x6A and 6x6B is proposed to be
increased to 120 inches to bound an earlier variant of Dresden-1 fuel. Among the
fuel assemblies included in the 6x6A array/class, one particular fuel type was
determined to be fabricated with a thinner cladding (0.026 in.) relative to other
fuel in this class (minimum 0.030 in. cladding). In the 7x7A array/class of fuel
assemblies, minor adjustments to the fuel parameters’ was necessary to bound
Humboldt Bay fuel. Changes to the 7x7B and 8x8B array/classes were necessary
to bound the fuel types at Oyster Creek plant. Accordingly, the thermal analyses
for these fuel types were evaluated in support of this amendment and additional
analyses performed, as required.

A review of the Oyster Creek fuel parameters against the fuel parameters of other
fuel types in the same array/classes has revealed no significant differences. The
Oyster Creek 7x7 fuel rod mechanical parameters are identical to an existing
member of the 7x7B class. The relatively larger pellet diameter (from 0.491 vs.
0.488 in) necessitates an adjustment to the uranium weight limit for this
array/class. The Oyster Creek 8x8 fuel rod diameter is slightly larger than other
members in the 8x8B class and has a thicker cladding.

An 8x8 fuel] assembly used at Browns Ferry and a 9x9 fuel assembly from Grand
Gulf, have been evaluated in support of this amendment request to modify the
BWR fuel parameters. Likewise, a Millstone Unit 2 14x14 fuel assembly has
been evaluated to support modification of the PWR fuel tables. As explained
below, these PWR and other BWR fuel have been evaluated in accordance with

* Cladding thickness change from 0.033 inch to 0.0328 inch and active fuel length from 79 in to 80 in.
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the NRC-approved HI-STORM thermal analysis methodologies to confirm that
the HI-STORM 100 temperature field is bounded by the design basis analyses.

The overall HI-STORM thermal analysis methodology is partitioned into two
evaluations. The first evaluation pertains to determining the appropriate peak
cladding temperature limits for long term dry storage for each proposed fuel type.
For this purpose, theoretical bounding rod gas pressures for the PWR and BWR
classes of fuel are employed. In the second evaluation, the temperature field in the
HI-STORM 100 cask is computed and the resulting cladding temperatures
demonstrated to be below the respective temperature limits. The analytical
evaluations for BWR fuel are further sub-divided in two groups of fuel assemblies
classified as Low Heat Emitting (LHE) fuel assemblies and Design Basis (DB)
fuel assemblies. The LHE fuel assemblies are characterized by low burnup, long
cooling time and short active fuel lengths. Consequently, their heat loads are
dwarfed by the full active length DB fuel assemblies. The additional Dresden-1
and Humboldt Bay fuel assemblies in the 6Xx6A and 7x7A array/classes belong to
the LHE group of fuel, while the additional Oyster Creek, Browns Ferry, and
Grand Gulf fuel assemblies are included in the DB group.

In accordance with the PNL-6189 methodology, peak fuel cladding temperature
limits are specified as a function of cladding stress and age of fuel. The cladding
stress calculations for the additional fuel are documented in proposed revised
TSAR Tables 4.3.2, 4.3.3, 4.3.5 and 4.3.6 in Attachment S to this letter. The
cladding stress in the additional DB fuel types is bounded by the limiting cladding
stress computed previously. An adjustment to the 10x10 SVEA-96 fuel
parameters (an O.D. change by 0.001 inch) is insignificant for the cladding stress
evaluation as it is bounded by the design basis cladding stress. Consequently, the
age-dependent peak fuel cladding temperature limits do not require changes to
accommodate the additional fuel. For the LHE fuel group, the thin-clad Dresden-1
fuel type is determined to be the limiting fuel resulting in a downward shift in the
applicable fuel cladding temperature limit. The revised temperature limits for
LHE and DB fuel are summarized in proposed revised TSAR Tables 4.3.7 and
4.3.8.

The second evaluation pertaining to computation of the HI-STORM 100 cask
temperature field is functionally dependent upon the effective conductivity of fuel
assemblies loaded in the MPC-68 fuel cells. The LHE fuel assemblies are further
analyzed under the assumption that they are loaded while encased in stainless
steel DFCs. Due to interruption of radiation heat exchange between the fuel
assembly and the fuel basket by the DFC boundary, this configuration is bounding
for the thermal evaluation. Two DFC designs are evaluated - a previously
approved Holtec design (TSAR Figure 2.1.1) and an existing TN/D-1 DFC in
which some of the Dresden-1 fuel is currently stored (TSAR Figure 2.1.2) (see
Proposed Change Number 5). The most resistive fuel assembly determined by
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analytical evaluation is considered for the HI-STORM 100 cask thermal
evaluation. The results of the evaluation of additional fuel types performed in
support of this amendment request are summarized in proposed revised Table
4.4.6 for LHE and DB fuel (see Attachment 5).

In both groups investigated, the thermal conductivity of the additional fuels is
bounded by the limiting fuel types in each group. For the DB group of fuel
assemblies, it is shown that the peak cladding temperature limits for the limiting
fuel type adequately cover the additional fuel. The most resistive fuel
characteristics also bound the additional fuel in the list of DB fuel types
authorized for storage in the HI-STORM 100 System. Thus, the design basis
thermal analysis envelopes the HI-STORM 100 System thermal response when
loaded with the additional BWR and PWR fuel. For the LHE group of assemblies,
the low decay heat load burden on the HI-STORM 100 cask (~ 8kW) guarantees
large thermal margins to permit safe storage of Dresden-1 and Humboldt Bay
fuel. Nevertheless, a conservative analysis was performed and is described in the
proposed Revision 11 TSAR and the temperature field determined and reported
Subsection 4.4.1.1.13 (see Attachment 5).

Shielding Evaluation

The accuracy of the shielding analysis is dependent upon the calculation of the
radiation source term. The source term is dependent on the mass of uranium in the
fuel assembly. For a specified burnup and cooling time, the radiation source term
will increase as the mass of uranium increases (this is addressed in Proposed
Change Number 25). The minor changes proposed for the dimensions of the fuel
assembly array/classes will have a negligible impact on the radiation source term.
Since the allowable uranium mass loadings are not being changed as a result of
these changes in dimensions, it is concluded that these changes will have a
negligible effect of the shielding analysis and therefore are not explicitly
considered in Revision 11 of Chapter 5 of the HI-STORM TSAR.

Criticality Evaluation

For the criticality evaluation, the fuel assemblies are grouped into assembly
array/classes. The proposed CoC modifications to fuel assemblies already
included are reflected in proposed revised TSAR Table 6.2.1 (see Attachment 5).
For each assembly array/class, a theoretical bounding assembly is defined. The
characteristics of the bounding assembly for each affected array/class was
amended to reflect the additional fuel types within an array/class.

Criticality calculations were performed for the changed fuel types and the
bounding assembly in each array/class to account for the modified dimensions.
Table 26.1 below shows the comparison between the maximum kg for each of
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the affected array/classes and the corresponding current values (i.e. TSAR Rev.
10). The TSAR table number containing the detailed results is also listed. The
comparison demonstrates that, apart from the 10x10C assembly class, the
maximum kg of each affected class only changes slightly as a result of the
changes in the fuel assembly characteristics.

For the 10x10C assembly class, the changes are larger due to a change in the
material of the internal structures (water tubes) inside the assembly. The initial
calculation assumed stainless steel for these structures, whereas the actual
material is a zirconium alloy. This results in an increase in reactivity, as the
zirconium alloy shows a lower neutron absorption compared to stainless steel.
Additionally, some dimensions in the model (Channel ID and sub-assembly
spacing) deviated from the fuel manufacturers specification available for this
assembly. Adjustment of these values leads to an additional small reduction in
reactivity. Overall, for the same initial planar average enrichment of 4.2 wt%
25U, the reactivity of this assembly increases, but still remains below 0.95.
Therefore, with the proposed changes, the cask system is still in compliance with
the regulatory requirement of key < 0.95 for all authorized fuel assembly
array/classes.

Table 26.1
Comparison of Maximum k. for TSAR Rev. 10 and Proposed Rev. 11
Assembly Maximum Table Number Maximum k. | Table Number
Array/Cla Kesr in TSAR Rev. | TSAR Proposed | in Proposed
SS TSAR Rev. 10 Rev. 11 Rev. 11 of the
10 TSAR
6x6A 0.7602 6.2.35 0.7888 6.2.41
6x6B 0.7611 6.2.36 0.7824 6.2.42
7xTA 0.7973 6.2.38 0.7974 6.2.44
7x7B 0.9375 6.2.19 0.9386 6.2.23
8x8A 0.7685 6.2.39 0.7697 6.2.45
8x8B 0.9368 6.2.20 0.9416 6.2.24
8x8D 0.9366 6.2.22 0.9403 6.2.26
9x9B 0.9388 6.2.25 0.9436 6.2.30
9x9D 0.9392 6.2.27 0.9394 6.2.32
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Assembly Maximum Table Number Maximum k. | Table Number
Array/Cla Kesr in TSAR Rev. | TSAR Proposed | in Proposed
SS TSAR Rev. 10 Rev. 11 Rev. 11 of the
10 TSAR
9x9E 0.9406 6.2.28 0.9401 6.2.33
9x9F 0.9377 6.2.29 0.9401 6.2.34
10x10C 0.8990 6.2.32 0.9433 6.2.38
14x14C 0.9361 6.2.6 0.9400 6.2.8

Confinement Evaluation

There is no effect of these proposed changes on the confinement evaluation
because the source terms used in the confinement analysis are not changed.

Proposed Change No. 27

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

Four new fuel assembly array/classes, 14x14E and 15x15H* (PWR); and 8x8F*
and 9x9G (BWR) are added to Appendix B, Tables 2.1-2 and 2.1-3, respectively,
as shown in Tables 27.1 and 27.2 below and in the attached marked-up CoC
tables. Items ILA.1.d and e and Items VLa.l.d and e in Table 2.1-1 are also
revised to add separate decay heat, cooling time, and burnup limits for the 8x8F
array/class (QUAD+ assembly).
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Table 27.1
New PWR Fuel Assembly Array/Classes 14x14E and 15x15H

Fuel Assembly Array/Class 14x14E 15x15H
Clad Material SS Zr
Design Initial U (kg/assy.) <206 <475
Initial Enrichment (wt % *°U)

MPC-24 without soluble boron credit <50 <338

MPC-24E/24EF without soluble boron credit <50 <42

Any PWR MPC with soluble boron credit <5.0 <5.0
No. of Fuel Rod Locations 173 208
Fuel Clad O.D. (in.) >0.3145 >0414
Fuel Clad L.D. (in.) <0.3175 <0.3700
Fuel Pellet Dia. (in.) <0.3130 <0.3622
Fuel Rod Pitch (in.) 0.441 and 0.453 <0.568
Active Fuel Length (in.) <102 <150
No. of Guide and/or Instrument Tubes 0 17
Guide/Instrument Tube Thickness (in.) N/A >0.0140

Table 27.2
New BWR Fuel Assembly Array/Classes 8x8F and 9x9G

Fuel Assembly Array/Class 8x8F 9x9G
Clad Material Zr Zr
Design Initial U (kg/assy.) <191 <179
Maximum PLANAR-AVERAGE INITIAL <4.0 <42
ENRICHMENT
(wt.% 2°U)
Initial Maximum Rod Enrichment(wt.% **U) <5.0 <350
No. of Fuel Rod Locations 64 72
Fuel Clad O.D. (in.) >0.4576 >0.4240
Fuel Clad L.D. (in.) <0.3996 < 0.3640
Fuel Pellet Dia. (in.) <0.3913 < 0.3565
Fuel Rod Pitch (in.) <0.609 <0.572
Design Active Fuel Length (in.) < 150 < 150
No. of Water Rods N/A 1
Water Rod Thickness (in.) >0.0315 >0.320

Channel Thickness (in.) <0.055 <0.120
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Reason for Proposed Changes

Based on user feedback, additional fuel assemblies were identified that did not fit
into any of the existing fuel assembly array/classes. Four new assembly
array/classes are required to assure all user fuel types can be loaded. The 14x14E
array/class represents only Indian Point Unit 1 fuel. The 15x15H includes the
B&W Mark B11 fuel design. The 8x8F represents only the “QUAD+" assembly.
The 9x9G array/class represents the ANF-9X fuel assembly.

Justification for Proposed Changes

Structural Evaluation

The addition of new fuel types permitted to be stored in the HI-STORM 100
System can have an effect on the structural analyses performed in Chapter 3 if,
and only if, one or more of the following occurs because of the new fuel types:

1. The design basis weights of 700 Ibs (BWR) or 1680 Ibs. (PWR), including
non-fuel hardware, channels, and DFCs, as applicable, are exceeded.

2. The design basis temperatures are exceeded because of the presence of the
new fuel types.

3. The lengths of the new fuel assemblies cause an increase in the length of the
Holtec fuel spacers.

Section 3.0 of the HI-STORM TSAR contains a compliance matrix showing how
the structural review requirements of NUREG 1536 have been satisfied by the
totality of analyses currently reviewed and reported in Chapter 3. To ascertain
whether any of the proposed amendment items require a re-visiting of any or all
of the currently approved analyses reported in Chapter 3, the Compliance Matrix
was reviewed and the following conclusions reached.

1. The weights of the proposed new fuel types do not exceed the limiting (i.e.,
design basis) weights specified in Table 2.1-1 of Appendix B to the CoC.
Therefore, no structural analysis currently approved needs to be re-visited.

2. The design basis temperatures of all components have not exceeded the values
currently licensed. Therefore, no structural analyses or free thermal expansion
analyses currently approved needs to be revisited.

3. The lengths of the proposed new fuel types are longer than the minimum
length of the fuel assemblies currently approved for the HI-STORM 100.
Therefore, the fuel spacer stability analysis in the TSAR remains bounding.
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The lengths of the proposed new fuel types are also less than the maximum
lengths specified in Table 2.1-1 of Appendix B to the CoC.

Thermal Evaluation

The Indian Point Unit 1, B&W Mark B11, QUAD+, and ANF-9X fuel types have
been evaluated along with the changes to the existing 8x8 and 15x15 fuel
assembly array/classes as described in Proposed Change No. 26 above.

The B&W Mark B11 and ANF-9X fuel assemblies are bounded by the existing
design basis thermal analyses. The QUAD+ fuel assembly is included in the
LHE group of BWR fuel assemblies and has been found acceptable for safe
storage in proposed Revision 11 of the HI-STORM TSAR Subsection 4.4.1.1.13.
The Indian Point Unit 1 fuel assembly is included in the stainless steel group of
PWR fuel assemblies and has been found acceptable for safe storage in proposed
Revision 11 of the HI-STORM TSAR Subsection 4.4.1.1.13.

Shielding Evaluation

The accuracy of the shielding analysis is dependent upon the calculation of the
radiation source term. The source term is dependent on the mass of uranium in the
fuel assembly. For a specified burnup and cooling time, the radiation source term
will increase as the mass of uranium increases. Minor variations in the dimensions
of a fuel assembly will have a negligible impact on the radiation source term if the
mass or uranium remains constant. The additional fuel assemblies proposed for
the CoC are not significantly different than the currently licensed fuel assemblies
to require an assembly-specific source term calculation. These new fuel
assemblies are bounded by the current design basis fuel assemblies. In addition,
the allowable uranium mass loadings for these new fuel assemblies is specified
consistent with similar fuel assemblies in the CoC thereby assuring that these
assemblies are bounded by the current design basis fuel assemblies. Therefore,
these additions will have a negligible effect of the shielding analysis and therefore
are not explicitly considered in proposed Revision 11 of Chapter 5 of the HI-
STORM TSAR.

Criticality Evaluation

Criticality calculations were performed for all four new fuel array/classes. The
results for these classes in the MPC-24 and MPC-68 are summarized in Table
27.3 below. The two PWR assemblies (14x14E and 15x15H) are also permitted in
the MPC-24E, MPC-24EF, MPC-32 and the MPC-24 with credit for soluble
boron. Maximum K. values for these baskets are similar to the values listed in
Table 21.3 below, and can be found in Tables 6.1.2 through 6.1.6 in Section 6.1 of
the Proposed Rev. 11 of the TSAR (see Attachment 5). For all new PWR and
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BWR fuel assemblies, the maximum K is below 0.95. Therefore, with the
proposed changes, the cask system is still in compliance with the regulatory
requirement of kesr < 0.95 for all authorized fuel assembly array/classes.

Table 27.3
Maximum ks for new PWR and BWR Fuel Assembly Array/Classes
Fuel Assembly Basket Type Maximum kg Table Number in
Array/Class Proposed Rev. 11 of
the TSAR

14x14E MPC-24 0.7715 6.2.10
15x15H MPC-24 0.9411 6.2.18

8x8F MPC-68/68FF 0.9411 6.2.28

9x9G MPC-68/68FF 0.9309 6.2.35

Confinement Evaluation

The source terms used for the existing confinement analysis bound those of the
new fuel assembly array/classes. Therefore, there is no impact on confinement.

Proposed Change No. 28

Certificate of Compliance, Appendix B, Approved Contents, Tables 2.1-4 through
2.1-7:

The per-assembly limits on fuel burnups, cooling time, and decay heat have been
modified to reflect credit being taken for thermosiphon (convection inside the
MPC) heat transfer and to allow loading of high burnup fuel (> 45,000
MWD/MTU) into the MPC.

Reason for Proposed Changes

To take appropriate account for a naturally-occurring method of heat transfer
inside the MPC vessel that was previously not credited. User feedback indicates a
growing inventory of fuel burned to greater than 45,000 MWD/MTU that must be
authorized for loading into dry storage casks.
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Justification for Proposed Changes

Structural Evaluation

The thermosiphon effect inside the MPC (now included in Chapter 4 thermal
evaluations) results in an alteration in the MPC/overpack temperature
distributions. The free thermal expansion evaluations, summarized in Subsection
3.4.4.2.1 for the “hot” MPC in HI-STORM or HI-TRAC and in Subsection 3.4.5
for the *hot” MPC inserted into a “cold” overpack have been revisited using the
new temperature distributions from Chapter 4 The summary tables have been
updated and the applicable appendices showing detailed calculations (Appendices
3.U, 3.V, 3. W, 31, 3.AF, and 3.AQ) have been revised to reflect the new
temperatures. The revised calculations continue to demonstrate that there is no
restraint of free thermal expansion between the fuel basket and the MPC canister,
and between the MPC and the HI-STORM or HI-TRAC overpacks.

Thermal Evaluation

In the previous HI-STORM licensing analyses, the thermal models were run with
the MPC internal convection heat transfer completely suppressed. Benchmarking
studies performed by Holtec on full-size cask data and submitted to the NRC as a
topical report showed that a complete neglect of the thermosiphon effect has the
result of grossly over-predicting the peak fuel cladding temperature by as much as
200°F. Recent independent work performed by PNNL on the thermal simulation
of the HI-STORM 100 System using the COBRA-SFS code has confirmed large
conservatisms in the peak cladding temperature results of the current HI-STORM
100 thermal model that does not recognize internal convection in the honeycomb
basket-equipped MPC. Including MPC internal convection heat dissipation in the
HI-STORM 100 thermal models is found to yield conservative results when
compared with the full-scale cask data. However, the extent of the conservatism
is not inordinately large.

Accordingly, in the revised thermal model, the effect of internal convection is
incorporated. However, to impute added conservatism, the conduction heat
transfer contribution of the “aluminum heat conduction elements” (located in the
peripheral spaces between the fuel basket and the MPC wall) is neglected. A
detailed discussion of the revised thermal model is included in the proposed
Chapter 4 TSAR Revision 11 changes.

Shielding Evaluation

The shielding evaluation in Chapter 5 has been revised to reflect the increased
permissible heat loads and the increased burnups beyond 45 GWD/MTU. The
increased heat loads result in a decreased cooling time for a specific burnup. The
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increased heat loads in conjunction with higher burnups result in increased dose
rates around the HI-STORM 100 System including the HI-TRAC transfer casks.
These dose rates are evaluated in Chapter 5 and their effect on occupational
exposure are evaluated in Chapter 10. As a result of the increased dose rates, the
dose rate limits specified in the LCOs have been increased (see Proposed Change
Nos. 3 and 4). While the dose rates and occupational exposure both increased, the
HI-STORM 100 system is still in compliance with 10CFR72.104 and
10CFR72.106. The increases in the very conservatively estimated occupational
exposures do not pose an ALARA concern, as the user may employ various forms
of temporary shielding to reduce the dose rates.

Criticality Evaluation

All criticality analyses are performed assuming fresh fuel, i.e. no credit is taken
for the reduction in reactivity due to the burnup of the fuel. An increase of the
allowable fuel burnup will therefore increase the inherent safety margin in the
criticality evaluation and no further analyses are necessary.

Confinement Evaluation

The confinement evaluation has been modified to account for the increased fuel
burnup limits per-assembly. The source terms for the MPC-24, MPC-24E, MPC-
24EF, MPC-32, MPC-68 and MPC-68FF have been chosen to ensure that a
bounding inventory is chosen for determining the dose due to a leak in the
confinement boundary. The inventory for the MPC-24, MPC-24E, MPC-24EF
and MPC-32 was conservatively based on the B&W 15x15 fuel assembly with a
burnup of 70,000 MWD/MTU, 5 years of cooling time, and an enrichment of
4.8%. The inventory for the MPC-68 and MPC-68FF was based on the GE 7x7
fuel assembly with a burnup of 60,000 MWD/MTU, 5 years of cooling time, and
4.4% enrichment. The CoC limits the fuel assembly burmnup below 60,000
MWD/MTU for both BWR and PWR fuel at 5 years of cooling time. This ensures
that the inventory used in this calculation exceeds that of the fuel authorized for
storage. Additionally, the leakage rate for normal, off-normal and hypothetical
accident conditions has been updated to reflect the increased MPC pressure and
temperature.

For storage of spent fuel assemblies with burnups in excess of 45 GWD/MTU the
source term from the assumed rod breakage fractions of ISG-5 were augmented
by the source term from 50% of the rods having peak cladding oxide thicknesses
greater than 70 micrometers. ISG-11 recommends that for high burnup fuel
assemblies the releasable source term from ISG-5 for normal and off-normal
conditions be increased by an additional factor. Therefore, the source term
available for release has been revised from 1.0% to 2.5% for normal conditions
and from 10.0% to 11.5% for off-normal conditions.
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Additionally, the confinement analysis has incorporated the assumption that only
10% of the fines released to the MPC cavity from a cladding breach remain
airborne long enough to be available for release from the MPC. It is
conservatively assumed that 100% of the volatiles, crud and gases remain
airborne and available for release.

Proposed Change No. 29

Certificate of Compliance, Appendix B, Design Features Section 3.2:

New design features important for criticality control are added for the MPC-24E,
MPC-24EF, MPC-68FF and the MPC-32.

Reason and Justification for Proposed Changes
These changes are conforming changes in support of the addition of these MPC

models to the CoC. The values for Boron-10 loading and flux trap size are
consistent with their respective design drawings, including tolerances.

Proposed Change No. 30*

Certificate of Compliance, Appendix B, Table 3-1:

The entry in the “Exception, Justification & Compensatory Measures” column for
the exception to Code Section NB-5230 for the closure ring, vent, and drain cover
plate welds is clarified as shown in the attached marked-up CoC table to
recognize welds which may be single pass welds.

Reason for Proposed Change

To provide clarification and as a conforming change to a proposed drawing
change (see Attachment 4).

Justification for Proposed Change

Small welds, such as 1/8 inch will likely be completed in one pass, with no root.

Proposed Change No. 31

Certificate of Compliance, Appendix B, Design Features Section 3.4.3:
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Revisions are made to these requirements to distinguish between free-standing
casks and casks for deployment in high seismic regions.

Reason for Proposed Changes

Under the current CoC, the seismic acceleration limits for free-standing casks do
not envelop the seismic spectra for plants located in so-called “high seismic”
regions. The new overpack variant called HI-STORM 100A is designed for use at
ISFSIs in high seismic regions. The key design features proposed to be included
in the CoC are essential for ensuring deployment of the HI-STORM 100A System
is performed within the design and analysis basis for the system.

Justification for Proposed Changes

This is purely a structural design issue. The thermal, shielding, criticality, and
confinement evaluations are unaffected by these design changes. The details of
the structural evaluation may be found in the proposed Chapter 3 TSAR revisions
in Attachment 5.

Proposed Change No. 32

Certificate of Compliance, Appendix B, Design Features Section 3.4.6:

Re-format and revise Design Features Section 3.4.6 to remove the specific ISFSI
pad and subgrade design parameters and to distinguish between free-standing
overpacks and the HI-STORM 100A. New Design Features Sections 3.4.6.a and
3.4.6.b establish ISFSI pad requirements for the free-standing and HI-STORM
100A overpacks, respectively, as shown in the attached marked-up CoC pages.

Reason for Proposed Change

The current CoC requires that all ISFSI pads be designed to meet a single set of
design parameters, including pad thickness, concrete compressive strength,
reinforcing bar yield strength, and subgrade modulus of elasticity. This proposed
change allows the necessary flexibility for utility licensees to design their ISFSI
pads according to their site-specific needs and geological characteristics.

Justification for Proposed Change

The deceleration limit of 45-g’s for the HI-STORM 100 System provides
assurance that the cask system, including contents, will remain intact and
retrievable after a postulated drop event and non-mechanistic tipover event.
Therefore, the 45-g deceleration limit is the appropriate safety limit to be included
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in the CoC, while the specific pad design parameters may be left to the discretion
of the general licensee. Any site-specific drop and tipover analyses are required
to be performed in accordance with the methodologies described in the Hi-
STORM TSAR.

To assist the licensee in designing their ISFSI pad, Holtec has added a second set
of “pre-approved” ISFSI pad and subgrade design parameters to TSAR Table
2.2.9. These design parameters were developed using the approved TSAR
methodologies for cask drop and tipover analyses. Licensees may choose to
design their ISFSI pads using either the Set “A” or Set “B” ISFSI pad and
subgrade design parameters in TSAR Table 2.2.9, or design their own pad. Any
ISFSI pad design is acceptable provided it is a structurally competent pad for
which cask deceleration limits are shown to be met (if required).
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SECTION II - PROPOSED CHANGES TO THE TSAR

Nearly all of the proposed TSAR changes included in Attachment 5 are in support of
CoC changes discussed in Section I. The changes to Chapters 3 through 7 are referred to
in the technical justifications in Section I, as required, and are not listed again as changes
here in Section II. However, several TSAR changes have also been included in this LAR
for NRC review due to their overall magnitude or potential significance. These changes
are listed below by subject (e.g., HI-STORM 1008S) or grouped by Chapter. Throughout
the proposed Rev. 11 TSAR, text revisions may be found that correct editorial
inconsistencies or support other changes not proposed for NRC review and approval (i.e.,
are being processed under 10 CFR 72.48). These text revisions are left in the chapter
sections provided with this submittal for continuity of the chapter content by our chapter
authors and are not proposed as changes requiring NRC review and approval.

In summary, if a TSAR change is not referred to from the change justifications in Section
I or explicitly listed below, we intend to process the change under 10 CFR 72.48 and
NRC review and approval is not requested as part of this LAR. Further, some of the
changes below which are submitted for NRC approval may be implemented under 10
CFR 72.48 in parallel with NRC review to meet users’ needs.

Proposed Change No. 33

HI-STORM 100S

The text is revised throughout the TSAR and new Bills-of-Material (BM-3065
and 3066) and design drawings (3067 through 3075) describing the HI-STORM
100S are included in Attachment 4. The technical evaluations of HI-STORM
100S contained in the proposed TSAR changes in Attachment 5 are summarized
below by affected technical discipline below:

Structural Evaluation

The HI-STORM 100S overpack is a slightly shortened version of HI-STORM 100
overpack that is approximately 12,000 Ib. lighter. The weight reduction has been
achieved by reduction in the height of the concrete pedestal supporting the MPC
and by the shortening of the overpack inner, outer, and shield shell, and the
contained concrete. The weight of the HI-STORM 100S lid, however, is
increased. Section 3.2 provides the specifics of the weights and center of gravity
locations for the HI-STORM 100S loaded with the different MPCs. Detailed
evaluations are performed in Chapter 3 to justify that nearly all analysis results
previously performed and approved for the HI-STORM 100 bound results for the
HI-STORM 100S and need not be repeated. Where justifications could not be
provided, the detailed evaluations specific to the HI-STORM 100S are performed.
All new safety factors specific to the HI-STORM 100S are greater than 1.0.
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Where required to perform specific evaluations for the short HI-STORM, new
appendices have been added to Chapter 3. Attachment 5 details all changed text
and calculations specific to the introduction of the HI-STORM 100S into the
TSAR.

Thermal Evaluation

From the standpoint of thermal performance, the HI-STORM 100S overpack is
nearly identical to HI-STORM 100. HI-STORM 100S features a slightly smaller
inlet duct-to-outlet duct separation and a slightly enhanced gamma shield cross
plate (which acts as a flow straightener) than its older counterpart. The HI-
STORM 100S peak fuel cladding temperatures are bounded by the HI-STORM
100 thermal solution. Therefore, HI-STORM 100S and HI-STORM 100 are
considered to be interchangeable from the thermal-hydraulic standpoint.

Shielding Evaluation

The HI-STORM 100S overpack is quite similar to the current HI-STORM
overpack. The only significant difference from a shielding perspective is that the
MPC has been moved closer to the upper and lower air ducts. This results in an
increase in the local dose rate at the opening of the ducts. In addition, the lid
design has been changed by moving the concrete shielding from below the 4 inch
thick steel to above the 4 inch steel plate in the top lid. The radial shielding is
identical between the HI-STORM 100 and the HI-STORM 100S overpacks.

Chapter 5 of proposed Revision 11 of the HI-STORM TSAR specifically
analyzes the HI-STORM 100S with the MPC-32 and the MPC-68. The MPC-24
analysis in the HI-STORM 100 overpack was unchanged. A comparison of the
dose rates between the MPC-32 and MPC-24 indicates that the dose rate at the
duct openings has increased in the HI-STORM 100S. This increase in the dose
rate does not pose an ALARA concern and does not alter the HI-STORM 100
System’s capability of meeting 10CFR72.104 requirements. Since the only
significant change in the dose rate between the HI-STORM 100 and the HI-
STORM 100S is at the duct opening, the previous analysis of the controlled area
boundary dose rates using the HI-STORM 100 overpack was maintained.

For those users that are especially concerned with the dose rate at the duct
openings, the HI-STORM 100S offers optional gamma shield cross plates which
have more metal than the standard gamma shield cross plates and would therefore
further reduce the dose rates at the duct openings.
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Proposed Change No. 34
Changes to TSAR Chapter 1

a.

The text and figures in Sections 1.0, 1.1, and 1.2 have been revised
throughout to address the new MPC models, HI-STORM 100S, HI-STORM
100A, new DFC designs, the increased heat duty of the cask, and other CoC
changes from Section L.

b. Table 1.0.1, Section 1.2, and Appendix 1.B have been revised to clarify the
text regarding our Holtite-A neutron shielding material, consistent with our
docketed correspondence dated August 18, 2000.
¢. Several definitions in Table 1.0.1 have been modified or added in support of
other proposed changes in the CoC and TSAR document.
d. Section 1.4 has been revised to clarify the requirements for cask spacing and
make them more consistent with the thermal analysis basis.
Proposed Change No. 35
Changes to TSAR Chapter 2
a. The text and figures in Sections 2.0, 2.1, 2.2, and 2.3 have been revised
throughout to address the new MPC models, HI-STORM 100S, HI-STORM
100A, new DFC design, the increased heat duty of the cask, and other CoC
changes from Section 1.
b. Table 2.3.1 is revised to be consistent with the latest language in 10 CFR
72.104 and 72.106.
Proposed Change No. 36
Changes to TSAR Chapter 7

The confinement analyses have been revised to reflect new regulations at 10 CFR
72.104 and the revised review guidance in ISG-5 and ISG-11.
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Proposed Change No. 37

Changes to TSAR Chapter 8

a.

The operating procedures have been revised throughout to include lessons
learned from cask loadings at Dresden Unit 1 and Plant Hatch and other
enhancements.

The chapter introduction has been revised to provide clarification regarding
the need for users to develop and implement site-specific procedures that
meet the intent of Chapter 8. Additional flexibility is proposed regarding
the content of the site-specific procedures and the need for 72.48 evaluations
for differences between the procedures and TSAR Chapter 8. In essence,
wide flexibility is afforded the general licensees in preparing site-specific
procedures outside of the purview of 10 CFR 72.48, provided the intent of
the Chapter is met.

The ITS categories for several ancillary components are clarified based on
lessons learned from the ongoing engineering and manufacturing phase for
these components.

Proposed Change No. 38

Changes to TSAR Chapter 9

a.

Subsection 9.1.5.1 is revised regarding Holtite-A testing to re-define the
frequency of testing to be every manufactured lot instead of every mixed
batch.*

Subsection 9.1.5.1 is revised to allow the option of installing the lead
shielding in the HI-TRAC transfer cask as pre-cast sections in lieu of
pouring molten lead. This is for fabrication flexibility. ~Appropriate
cautions are also added to minimize gaps if pre-cast sections are used.

Subsection 9.1.5.2 is revised to allow gamma scanning of the HI-TRAC
shielding prior to, or after the installation of the water jacket. This is
fabrication flexibility.
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Proposed Change No. 39

Changes to TSAR Chapter 10

a.  The occupational exposure estimates were revised throughout to account for
the revised dose rates due to fuel and MPC changes, and the HI-STORM
100S configuration.

b. Table 10.1.2 has been revised to provide general licensees with the
flexibility to decide for themselves whether or not temporary shielding is
required based on the particular age and burnup of the fuel being loaded,
and the actual dose rates measured. Long cooling time and/or low burnup
fuel may yield very low dose rates, even with the HI-TRAC 100, potentially
obviating the need for any temporary shielding. Users’ radiation protection
programs will govern the use of temporary shielding.

Proposed Change No. 40
Changes to TSAR Chapter 11

The events and accidents in Subsections 11.1 and 11.2 have been reanalyzed, as
necessary to reflect changes made to the authorized contents and heat loads for
the MPC in Section L.

Proposed Change No. 41
Changes to TSAR Chapter 12

The list of technical specifications in Table s 12.1.1 and 12.1.2 and the Bases in
Appendix 12.A are revised to match the changes to the technical specifications
proposed in Section L.
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Section III - PROPOSED CHANGES TO DESIGN DRAWINGS

Proposed Change No. 42

Drawings for MPC-24E/24EF, MPC-32, MPC-68FF, HI-STORM 100S and HI-
STORM 100A

a. The MPC-24E/24EF required the generation of four (4) new design drawings:
2889, 2890, 2891, 2892 and BOMs 2898 and 2899. Where appropriate, the
existing (standard) MPC-24 drawings (1395 and 1396 series) have been
revised as required to indicate certain dimensions and details which differ
between the MPC-24 and the MPC-24E/24EF.

b. The MPC-32 required the return of the ten (10) drawings previously included
in the HI-STORM TSAR in the early phases of the license review (1392 and
1393 series, and BM-1477, Sheets 1 and 2). These drawings have been
revised to incorporate the lessons learned from Plant Hatch and the HI-STAR
prototype fabrication activities similar to the MPC-24 and MPC-68 drawings.

c. The MPC-68FF required the revision of four (4) existing (standard) MPC-68
drawings (1402 series) to show the enhanced MPC upper shell and deeper
MPC lid weld, similar to the MPC-68F.

d. The HI-STORM 100S required the creation of eleven (11) new drawings
(3067 through 3077) and a new Bill-of-Materials (3065 and 3066). Only nine
of the eleven drawings are included in the TSAR. Drawings 3076 and 3077
depict the cask nameplate and inlet and outlet vent screens, respectively. This
equipment is considered ancillary to the cask system. Therefore, the drawings
are not considered necessary to be included in the TSAR.

e. The HI-STORM 100A required the creation of one new drawing (3187) and
one new Bill-of-Material (BM-3189).

All new and revised drawings are included in Attachment 4 of this submittal.
Please note that a number of the changes shown on the MPC drawings (not related
to CoC changes) may be implemented under 10 CFR 72.48 prior to NRC approval
of this CoC amendment request.
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g. SPECIAL REQUIREMENTS FOR FIRST SYSTEMS IN PLACE

The heat transfer characteristics of the cask system will be recorded by temperature
measurements for the first HI-STORM SFSC Systems (MPC-24, MPC-24E, MPC-24EF, MPC-32,
MPC-68, MPC-68F and MPC-68FF) placed into service with a heat load equal to or greater than
10 kW. An analysis shall be performed that demonsirates the temperature measurements
validate the analytic methods and predicted thermal behavior described.in Chapter 4 of the SAR.

Validation tests shall be performed for each subsequent cask system that has a heat load that
exceeds a previously validated heat load by more than 2 kW (e.q., 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

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

8:10. AUTHORIZATION

The HI-STORM 100 Cask System, which is authorized by this certificate, is hereby approved for

general use by holders of 10 CFR Part 50 licenses for nuclear reactors at reactor sites under the
general license issued pursuant to 10 CFR 72.210, subject to the conditions specified by 10 CFR
72.212, and the attached Appendix A and Appendix B.

FOR THE U.S. NUCLEAR REGULATORY COMMISSION

E. William Brach, Director

Spent Fuel Project Office

Office of Nuclear Materials Safety
and Safeguards

Attachments:

1.  Appendix A
2. Appendix B
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Multi-Purpose Canister (MPC)

3.1.1
3.1 SFSC INTEGRITY
3.1.1 Muiti-Purpose Canister (MPC)
LCO 3.11 The MPC shall be dry and helium filled.
APPLICABILITY:  During TRANSPORT OPERATIONS and STORAGE
OPERATIONS.
ACTIONS
NOTE
Separate Condition entry is allowed for each MPC.
CONDITION REQUIRED ACTION COMPLETION
A. MPC cavity vacuum A.1 Perform an engineering 7 days
drying pressure limit not evaluation to determine the
met. quantity of moisture left in
the MPC.
AND
'A.2 Develop and initiate 30 days
corrective actions necessary
to return the MPC to an
analyzed condition.
B. MPC helium backfill B.1 Perform an engineering 72 hours
density pressure limit not evaluation to determine the
met. impact of helium differential.
AN
B.2 Develop and initiate 14 days
corrective actions necessary
to return the MPC to an
analyzed condition.

Certificate of Compliance No. 1014
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ACTIONS
(continued)

Mutti-Purpose Canister (MPC)

3.1.1 l[

%

CONDITION REQUIRED ACTION COMPLETION

C. MPC helium leak rate C.1 Perform an engineering 24 hours
limit not met. evaluation to determine the

impact of increased helium
leak rate on heat removal
capability and offsite dose.
AND
C.2 Develop and initiate 7 days
corrective actions necessary
to return the MPC to an
analyzed condition.

D. Required Actions and D.1 Remove all fuel assemblies | 30 days
associated Completion from the SFSC. L l
Times not met.

SURVEILLANCE REQUIREMENTS
SURVEILLANCE FREQUENCY
SR 3.1.1.1 Verify MPC cavity vacuum drying pressure is Once, prior to
within the limit specified in Table 3-1 for the TRANSPORT
applicable MPC model. OPERATIONS
SR 3.1.1.2 Verify MPC helium backfill density pressure is Once, prior to |
within the limit specified in Table 3-1 for the TRANSPORT
applicable MPC model. OPERATIONS

SR 3.1.1.3 Verify that the total helium leak rate through the | Once, prior to

MPC lid confinement weld and the drain and TRANSPORT
vent port confinement welds is within the limit OPERATIONS

specified in Table 3-1 for the applicable MPC
model.

Certificate of Compliance No. 1014
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3.1 SFSC INTEGRITY

SFSC Heat Removal System

3.1.2 SFSC Heat Removal System

3.1.2

LCO 3.1.2 The SFSC Heat Removal System shall be OPERABLE

APPLICABILITY:  During STORAGE OPERATIONS.

ACTIONS

NOTE

Separate Condition entry is allowed for each SFSC.

o e R R R R R TR

-_—
COMPLETION

CONDITION

REQUIRED ACTION

TIME

A. SFSC Heat Removal
System inoperable.

A.1 Restore SFSC Heat
Removal Systern to
OPERABLE status.

8 hours

B. Required Action A.1 and
associated Completion

B.1 Perform SR 3.2.3.1.

Immediately and
every 12 hours

Time not met. AND thereafter
B.2.1 Restore SFSC Heat 48 hours
Removal System to
OPERABLE status.
OR
B.2.2 Transfer the MPC into a 48 hours
TRANSFER CASK.
Certificate of Compliance No. 1014
Appendix A 3.1.2-1



SFSC Heat Removal System

3.1.2
SURVEILLANCE REQUIREMENTS
SURVEILLANCE FREQUENCY
SR 3.1.2.1 Verify all OVERPACK inlet and outlet air ducts 24 hours
are 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 <
126 °F. 99°-F{ferthe-MPGC-24)-and—<+85°F{for
the-MPE-68-and-MPC-68F)

Certificate of Compliance No. 1014
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Fuel Cool-Down
3.1.3

3.1 SFSC INTEGRITY
3.1.3 Fuel Cool-Down
LCO 3.1.3 The MPC 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.

_——__-———T—-——_—__—_——__—_——_———-————_.___———_

CONDITION REQUIRED ACTION COMPLETION
A. MPC helium gas exit A.1 Establish MPC helium gas Prior to initiating
temperature not within exit temperature within limit. | MPC re-flooding
limit. operations
ND
A.2 Ensure adequate heat 24 22 hours
transfer from the MPC to the
environment
SURVEILLANCE REQUIREMENTS i
SURVEILLANCE FREQUENCY
SR 3.1.3.1 Verify MPC helium gas exit temperature within Prior to MPC re-
limit. flooding
operations.

Certificate of Compliance No. 1014
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TRANSFER CASK Average Surface Dose Rates

3.2.1
3.2 SFSC RADIATION PROTECTION
3.2.1 TRANSFER CASK Average Surface Dose Rates
LCO 3.2.1 The average surface dose rates of each TRANSFER CASK shall

not exceed:
a. 125 Ton TRANSFER CASK
i. 436 220 mrem/hour (neutron + gamma) on the side;
ii. 4060 mrem/hour (neutron + gamma) on the top
b. 100 Ton TRANSFER CASK
i. 896 1500 mrem/hour (neutron + gamma) on the side;
ii. +70 315 mrem/hour (neutron + gamma) on the top
APPLICABILITY: During TRANSPORT OPERATIONS.
ACTIONS

NOTE
Separate Condition entry is allowed for each TRANSFER CASK.

CONDITION REQUIRED ACTION COMFLETION
A. TRANSFER CASK A.1 Administratively verify 24 hours
average surface dose correct fuel loading.
rate limits not met.
AND

A.2 Perform evaluation to verify | 24 hours
compliance with the ISFSI
offsite radiation protection
requirements of 10 CFR
Part 20 and 10 CFR Part 72.

(continued)
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OVERPACK Average Surface Dose Rates

3.23
3.2 SFSC RADIATION PROTECTION
3.2.3 OVERPACK Average Surface Dose Rates
LCO 3.2.3 The average surface dose rates of each OVERPACK shall not
exceed:
a. 496 50 mrem/hour (neutron + gamma) on the side
b. 10 mrem/hour (neutron + gamma) on the top
C. 46 40 mrem/hour (neutron + gamma) at the inlet and outlet |
vent ducts
APPLICABILITY:  During FRANSPORT-OPERATIONS-AND STORAGE |
OPERATIONS.
ACTIONS
NOTE
Separate Condition entry is allowed for each SFSC.
CONDITION REQUIRED ACTION COMPLETION
A. OVERPACK average A.1 Administratively verify 24 hours
surface dose rate limits correct fuel loading.
not met.
AND

A.2 Perform anatysis a written 24 48 hours |
evaluation to verify |
compliance with the ISFSI
offsite radiation protection
requirements of 10 CFR
Part 20 and 10 CFR Part 72.

B. Required Action and B.1 Remove all fuel assemblies | 30 days
associated Completion from the SFSC.
Time not met.

Certificate of Compliance No. 1014
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Boron Concentration
3.3.1

3.3 SFSC CRITICALITY CONTROL

3.3.1 Boron Concentration

LCO 3.3.1

APPLICABILITY:

As required by CoC Appendix B, Table 2.1-2, the concentration of boron
in the water in the MPC shall meet the following limits for the applicable
MPC model:

a. MPC-24 with one or more fuel assemblies having an initial
enrichment greater than the value in Table 2. 1-2 for no soluble boron
credit and < 5.0 wt% #*°U: > 400 ppmb

b. MPC-24E and MPC-24EFwith one or more fuel assemblies having

an initial enrichment greater than the value in Table 2.1-2 for no
soluble boron credit and < 5.0 wi% #*°U: > 300 ppmb

c. MPC-32 with all fuel assemblies having an initial enrichment
<4.1 wi% #°U: > 1900 ppmb

d.  MPC-32 with one or more fuel assemblies having an initial
enrichment > 4.1 and < 5.0 wi% #*°U: > 2600 ppmb

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.

Certificate of Compliance No. 1014
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Boron Concentration

3.3.1
ACTIONS
NOTE
Separate Condition entry is allowed for each MPC.
CONDITION REQUIRED ACTION COMPLETION
A.  Boron concentration not A.1 Suspend LOADING Immediately
within limit. OPERATIONS or -
UNLOADING OPERATIONS.
AND
A.2 Suspend positive reactivity Immediately
additions.
AND
A.3 Initiate action to restore boron Immediately
concentration to within limit.
SURVEILLANCE REQUIREMENTS
SURVEILLANCE FREQUENCY
NOTE: Within 4 hours of
This surveillance is only required to be performed if the MPC is entering the
submerged in water or if water is to be added to, or recirculated through | Applicability of this
the MPC. LCO.
AND
SR 3.3.1.1 Verify boron concentration is within the applicable
limit using two independent measurements. Every 48 hours
thereafter.

Certificate of Compliance No. 1014
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Table 3-1

MPC Model-Dependent Limits
Table 3-1

MPC Model-Dependent Limits

MPC MODEL

LIMITS

1. MPC-24/24E/24EF

a. MPC Cavity Vacuum Drying Pressure
b. MPC Helium Backfill Bensity Pressure'

c. MPC Helium Leak Rate

2. MPC-68/68F/68FF

a. MPC Cavity Vacuum Drying Pressure
b. MPC Helium Backfill Bensity Pressure'

¢c. MPC Helium Leak Rate

3. MPC-32

a. MPC Cavity Vacuum Drying Pressure
b. MPC Helium Backfill Pressure’
¢. MPC Helium Leak Rate

< 3 torr for > 30 min

> .29.3 psig and < 33.3 psig
< 5.0E-6 atm cc/sec (He)

< 3 torr for > 30 min

> 29.3 psig and < 33.3 psig
< 5.0E-6 atm cc/sec (He)

< 3 torr for > 30 min
> 29.3 psig and < 33.3 psig
< 5.0E-6 atm cc/sec (He)

1

Certificate of Compliance No. 1014
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Programs
5.0

5.0 ADMINISTRATIVE CONTROLS AND PROGRAMS

The following programs shall be established, implemented and maintained.

5.1  Training-Pregram Deleted

(eontin
{continued)
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Programs
" 50 l J

(continued)

ADMINISTRATIVE CONTROLS AND PROGRAMS
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Programs
5.0

5.4  Radioactive Effluent Control Program
This program implements the requirements of 10 CFR 72.44(d).

a.

The HI-STORM 100 Cask System does not create any radioactive materials
or have any radioactive waste treatment systems. Therefore, specific
operating procedures for the control of radioactive effluents are not required.
Specification 3.1.1, Multi-Purpose Canister (MPC), provides assurance that
there are not radioactive effluents from the SFSC.

This program includes an environmental monitoring program. Each general
license user may incorporate SFSC operations into their environmental
monitoring programs for 10 CFR Part 50 operations.

An annual report shall be submitted pursuant to 10 CFR 72.44(d)(3).

(continued)
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Programs
5.0

ADMINISTRATIVE CONTROLS AND PROGRAMS

5.5  Cask Transport Evaluation Program

This program provides a means for evaluating various transport configurations and
transport route conditions to ensure that the design basis drop limits are met. For
lifting of the loaded TRANSFER CASK or OVERPACK using devices which are
integral to a structure governed by 10 CFR Part 50 regulations, 10 CFR 50
requirements apply. This program is not applicable when the TRANSFER CASK
or OVERPACK is in the FUEL BUILDING or is being handied by a device providing
support from underneath (i.e., on a rail car, heavy haul trailer, air pads, etc.).

Pursuant to 10 CFR 72.212, this program shall evaluate the site-specific transport
route conditions.

a. For free-standing OVERPACKS and the TRANSFER CASK, the following
requirements apply:

1.

AAAAA .

The lift height above the transport route surface(s) preseribed-in

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 TSAR Table 2.2.9. those-prescribed-for-the-referencepad

For site-specific tranéport route surfaces that eonditions whieh are not
bounded by either the Set A or Set B parameters of FSAR Table
2209, istics+ ; ;

- , the program may evaitate
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. Fhis These
alternative analyses shall be commensurate with the drop analyses
described in the Topical Safety Analysis Report for the HI-STORM
100 Cask System. The program shall ensure that these alternative
analyses are documented and controlled.

(continued)
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Programs
5.0

ADMINISTRATIVE CONTROLS AND PROGRAMS

5.5 Cask Transport Evaluation Program (continued)

3. The TRANSFER CASK or OVERPACK, when loaded with spent fuel,
may be lifted to any height necessary during transportation between
the FUEL BUILDING and the CTF and/or ISFSI pad, provided the
lifting device is designed in accordance with ANSI N14.6 and has
redundant drop protection features.

4. The TRANSFER CASK and MPC, when loaded with spent fuel, may |
be lifted to those heights necessary to perform cask handling
operations, including MPC transfer, provided the lifts are made with
structures and components designed in accordance with the criteria
specified in Section 3.5 of Appendix B to Certificate of Compliance
No. 1014, as applicable.

'SECTION DELETED IN ORIGINAL DOCUMENT
(NOT WITHHELD, HERE)

(continued)
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Programs

5.0 [“D

ADMINISTRATIVE CONTROLS AND PROGRAMS

5.5 Cask Transport Evaluation Program (continued)

Table 5-1

TRANSFER CASK and Free-Sianding OVERPACK Lifting Requirements |

ITEM ORIENTATION LIFTING HEIGHT LIMIT
(in.)
TRANSFER CASK Horizontal 42 (Notes 1 and 2) |
TRANSFER CASK Vertical None Established (Note 2)
OVERPACK Horizontal Not Permitted
OVERPACK Vertical 11 (Note 2 3) |

Notes: 1. To be measured from the lowest point on the TRANSFER CASK (i.e., the “\)
bottom edge of the transfer lid) < LJ

2. See Technical Specification 5.5.a.3 and 4 |

3. See Technical Specification 5.5.a.3. |

Certificate of Compliance No. 1014 | T)
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Definitions
1.0
1.0 Definitions

NOTE
The defined terms of this section appear in capitalized type and are applicable throughout these
Technical Specifications and Bases.

Term Definition
CASK TRANSFER FACILITY The CASK TRANSFER FACILITY includes the following
(CTF) : 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 ASSEMBLY 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, missing emply fuel rod /ocations that are not
reptaced filled with dummy fuel rods, or those that cannot
be handled by normal means. Fuel assemblies which
cannot be handled by normal means due to fuel cladding
damage are considered FUEL DEBRIS.

_ DAMAGED FUEL CONTAINER DFCs are specially designed enclosures for
. (DFC) DAMAGED FUEL ASSEMBLIES or FUEL DEBRIS which
permit gaseous and liquid media to escape while
minimizing dispersal of gross particulates. DFCs
authorized for use in the HI-STORM 100 System are as
follows:

1. Holtec Dresden Unit 1/Humboldt Bay design
2. Transnuclear Dresden Unit 1 design
3. Holtec Generic BWR design
4. Holtec Generic PWR design
FUEL DEBRIS FUEL DEBRIS is ruptured fuel rods, severed rods, loose
fuel pellets or fuel assemblies with known or suspected
defects which cannot be handled by normal means due to

fuel cladding damage.

(continued)
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1.0 Definitions (continued)

Definitions
1.0

INTACT FUEL ASSEMBLY

LOADING OPERATIONS

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. Partiatfuel-assemblies—that—is Fuel
assemblies without fuel rods in fuel rod locations frem
which—fuet-reds—are—missing; shall not be classified as
INTACT FUEL ASSEMBLIES unless dummy fuel rods are
used to displace an amount of water greater than or equal
to that displaced by the eriginat 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 MPG transfer between
the TRANSFER CASK and the OVERPACK.

MPCs are the sealed spent nuclear fuel canisters which
consist of a honeycombed fuel basket contained in a
cylindrical canister shell which is welded to a baseplate, lid
with welded port cover plates, and closure ring. The MPC
provides the confinement boundary for the contained
radioactive materials.

NON-FUEL HARDWARE is defined as Burnable Poison
Rod Assemblies (BPRAs), Thimble Plug Devices
(TPDs), Control Rod Assemblies (CRAs), Axial Power
Shaping Rods (APSRs) and other similarly designed
devices with different names.

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

PLANAR-AVERAGE INITIAL ENRICHMENT is
the average of the distributed fuel rod initial enrichments
within a given axial plane of the assembly lattice.

An SFSC is a container approved for the storage of
spent fuel assemblies at the ISFSI. The HI-STORM 100
SFSC System consists of the OVERPACK and its integral
MPC.

TRANSFER CASKs are containers designed to contain
the MPC during and after loading of spent fuel assemblies
and to transfer the MPC to or from the OVERPACK. The
HI-STORM 100 System employs either the 125-Ton or the
100-Ton HI-TRAC TRANSFER CASK.

TRANSPORT OPERATIONS include all licensed activities
performed on an OVERPACK or TRANSFER CASK
loaded with one or more fuel assemblies when it is being
moved to and from the ISFSI. TRANSPORT
OPERATIONS begin when the OVERPACK or
TRANSFER CASK is first suspended from or secured on
the transporter and end when the OVERPACK or
TRANSFER CASK is at its destination and no longer
secured on or suspended from the transporter.
TRANSPORT OP RATIONS includes transfer of the MPC
between the OVERPACK and the TRANSFER CASK.

UNLOADING OPERATIONS include all licensed activities
on an SFSC to be unloaded of the contained fuel
assemblies. UNLOADING OPERATIONS begin when the
OVERPACK or TRANSFER CASK is no longer suspended
from or secured on the transporter and end when the last
fuel assembly is removed from the SFSC. UNLOADING
OPERATIONS does not include MPC transfer between the
TRANSFER CASK and the OVERPACK.

Certificate of Compliance No. 1014
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Approved Contents
2.0

2.0 APPROVED CONTENTS

2.1 Fuel Specifications and Loading Conditions

211

a.

Fuel To Be Stored In The HI-STORM 100 SFSC System

INTACT FUEL ASSEMBLIES, DAMAGED FUEL ASSEMBLIES, and FUEL
DEBRIS, and NON-FUEL HARDWARE meeting the limits specified in Table
2.1-1 and other referenced tables may be stored in the HI-STORM 100
SFSC System.

For MPCs partially loaded with stainless steel clad fuel assemblies, all
remaining fuel assemblies in the MPC shall meet the decay heat generation
limit for the stainless steel clad fuel assemblies.

For MPCs partially loaded with DAMAGED FUEL ASSEMBLIES or FUEL
DEBRIS, all remaining Zircaloy 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.

For MPC-68's partially loaded with array/class 6x6A, 6x6B, 6x6C, or 8x8A
fuel assemblies, all remaining Zircaloy clad INTACT FUEL ASSEMBLIES in
the MPC shall meet the decay heat generation limits for the 6x6A, 6x6B,
6x6C, 7x7A and 8x8A fuel assemblies.

All BWR fuel assemblies may be stored with or without Zircaloy channels

with the exception of array/class 10x10D and 10x10E fuel assemblies, which
may be stored with or without Zircaloy or stainless steel channels.

(continued)

Certificate of Compliance No. 1014
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Approved Contents
2.0

2.0 Approved Contents {eentinued}

2.1 Fuel Specifications and Loading Conditions (cont'd)

21.2

2.1.3

Preferentiad Uniform Fuel Loading

Preferential fuel loading shall be used during uniform loading (i.e., any authorized
fuel assembly in any fuel storage location) whenever fuel assemblies with
significantly different post-irradiation cooling times (> 1 year) are to be loaded in the
same MPC. Fuel assemblies with the longest post-irradiation cooling times shall be
loaded into fuel storage locations at the periphery of the basket. Fuel assemblies
with shorter post-irradiation cooling times shall be placed toward the center of the
basket. Regionalized fuel loading as described in Technical Specification 2.1.3
below meets the intent of preferential fuel loading.

Reqionalized 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 (or other alloy of zirconium) cladding. Figures 2.1-1
through 2.1-4 define the regions for the MPC-24, MPC-24E, MPC-24EF, MPC-32,
MPC-68, and MPC-68FF models, respectively. Fuel assembly burnup, decay heat,
and cooling time limits for regionalized loading are specified in Tables 2.1-6 and 2.1-
7. Fuel assemblies used in regionalized loading shall meet all other applicable limits
specified in Tables 2.1-1 through 2.1-3.

2.2 Violations

If any Fuel Specifications or Loading Conditions of 2.1 are violated, the following actions
shall be completed:

2.2.1
222

223

The affected fuel assemblies shall be placed in a safe condition.
Within 24 hours, notify the NRC Operations Center.

Within 30 days, submit a special report which describes the cause of the violation,
and actions taken to restore compliance and prevent recurrence.

Certificate of Compliance No. 1014
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Table 2.1-1 (page 1 of 44 33)
Fuel Assembly Limits

I. MPC MODEL: MPC-24

A. Allowable Contents

1. Uranium oxide, PWR INTACT FUEL ASSEMBLIES listed in Table 2.1-2, with
or without NON-FUEL HARDWARE and meeting the following specifications

(Note 1):

a. Cladding Type:

b. Initial Enrichment:

c. Post-irradiation Cooling Time
and Average Burnup Per
Assembly:

i. —ZrCtad: Array/Classes
14x14D, 14x14E, and
15x15G

ii. §5-Clad: All Other
Array/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
Appendix B

Zircaloy (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.

An-assembly-post-irradiation Cooling time

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

An-assembly-pest-irradiation Cooling time

and average burnup as specified in
Tables 2.1-4 or 2.1-6.

As specified in Table 2.1-8.
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Table 2.1-1 (page 2 of +4 33)
Fuel Assembly Limits

|. MPC MODEL: MPC-24 (continued)

A. Allowable Contents (continued)

d. Decay Heat Per Assembly:

i. #rClad Array/Classes
14x14D, 14x14E, and
15x15G

i S5€tad All Other
Array/Classes

e. Fuel Assembly Length:
f.  Fuel Assembly Width:
g. Fuel Assembly Weight:

< 710 Watts

An-assembly-decayheat As specified in

Tables 2.1-5 or 2.1-7 for-the-applicable
¢ ieradiat hne-time.

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

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

B. Quantity per MPC: Up to 24 fuel assemblies.

st Deleted.

D. DAMAGED FUEL ASSEMBLIES and FUEL DEBRIS are not authorized for

loading into the MPC-24.

Note 1:  Fuel assemblies containing BPRAs or TPDs may be stored in any fuel cell
location. Fuel assemblies containing CRAs or APSRs may only be loaded in
fuel storage locations 9, 10, 15, and/or 16. These requirements are in addition
to any other requirements specified for uniform or regionalized fuel loading.

Certificate of Compliance No. 1014
Appendix B
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Table 2.1-1 (page 3 of +4 33)
Fuel Assembly Limits

il. MPC MODEL: MPC-68

A. Allowable Contents

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

a. Cladding Type:

b. Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

¢. Initial Maximum Rod
Enrichment:

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

i. Zr-Clad: Array/Classes 6x6A,
6x6C, 7x7A, and 8x8A:

ii. S5-Ctad: Array/Class 8x8F

iii. Array/Classes 10x10D and
10x10E

iv. All Other Array/Classes

Certificate of Compliance No. 1014
Appendix B

Zircaloy (Zr) or Stainless Steel (SS) as
specified in Table 2.1-3 for the applicable
fuel assembly array/class.

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

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

An-assembly-post-irradiation Cooling time

> 18 years and an average burnup < 30,000
MWD/MTU

Cooling time > 10 years and an average
burnup < 27,500 MWD/MTU.

An-assembly-post-irradiation Cooling time

> 10 years and an average burnup < 22,500
MWD/MTU.

A o teirradiai T
and-average-burnup As specified in Table
2.1-40r2.1-6. :
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Table 2.1-1 (page 4 of +4 33)
Fuel Assembly Limits

Il. MPC MODEL: MPC-68 (continued)

A. Allowable Contents (continued)

e. Decay Heat Per Assembly:

i. Zr-Clad: Array/Classes 6x6A, <115 Waltts
6x6C, 7x7A, and 8x8A

ii. SS-Clad: Array/Class 8x8F < 183.5 Waitts. |

lii. Array/Classes 10x10D and < 95 Watts

10x10E
iv. All Other Array/Classes An-assembly-maximum-decay-heat As :
specified in Tables 2.1-5 or 2.1-7. ~ LJ
f. Fuel Assembly Length: < +76:2 176.5 inches (nominal design) |
g. Fuel Assembly Width: < 5.85 inches (nominal design)
h. Fuel Assembly Weight: < 700 Ibs, including channels

Certificate of Compliance No. 1014 ‘ ‘
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Table 2.1-1 (page 5 of +4 33)
Fuel Assembly Limits

Il. MPC MODEL: MPC-68 (continued)

A. Allowable Contents (continued)

2. Uranium oxide, BWR DAMAGED FUEL ASSEMBLIES, with or without Zircaloy
channels, placed in DAMAGED FUEL CONTAINERS. Uranium oxide BWR
DAMAGED FUEL ASSEMBLIES shall meet the criteria specified in Table 2.1-3 for

specifications:

a. Cladding Type:

b. Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

I. Array/Classes 6x6A, 6x6C, 7x7A,
and 8x8A

ii. All Other Array/Classes specified
in Table 2.1-3

¢. Initial Maximum Rod
Enrichment:

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

i. Array/Classes 6x6A, 6x6C,
7x7A,and 8x8A

ii. Array/Class 8x8F
iii. Array/Classes 10x10D and
10x10E

iv. All Other Array Classes

f Certificate of Compliance No. 1014
Appendix B

; and meet the following

? )

Zircaloy (Zr) or Stainless Steel (SS) as
specified in Table 2.1-3 for the applicable fuel
assembly array/class.

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

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.

Cooling time > 10 years and an average
burnup < 27,500 MWD/MTU.

Cooling time > 10 years and an average
burnup < 22,500 MWD/MTU.

As specified in Tables 2.1-4 or 2.1-6.

2-11




Approved Contents
2.0

Table 2.1-1 (page 6 of 33)
Fuel Assembly Limits

Il. MPC MODEL: MPC-68 (continued)

A. Allowable Contents (continued)

e. Decay Heat Per Assembly:

i.  Array/Class 6x6A, 6x6C, 7x7A,
and 8x8A

ii. ~ Array/Class 8x8F

li. Array/Classes 10x10D and
10x10E

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

I.  Array/Class 6x6A, 6x6C, 7x7A,
or 8x8A

ii. ~ All Other Array/Classes
g. Fuel Assembly Width:

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

ii. Al Other Array/Classes
h. Fuel Assembly Weight:

I.  Array/Class 6x6A, 6x6C, 7x7A,
or 8x8A

ii. ~ All Other Array/Classes

Certificate of Compliance No. 1014
Appendix B

< 115 Watts

< 183.5 Watts

< 95 Watts

As specified in Tables 2.1-5 or 2.1-7

< 135.0 inches (nominal design)

< 176.5 inches (nominal design)

<4.70 inches (nominal design)

< 5.85 inches (nominal design)

<5650 Ibs, including channels and DFC

< 700 Ibs, including channels and DFC
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Table 2.1-1 (page 7 of +4 33)
Fuel Assembly Limits

fl. MPC MODEL: MPC-68 (continued)
A. Allowable Contents (continued)
3. Mixed oxide (MOX), BWR INTACT FUEL ASSEMBLIES, with or without
Zireatoy channels. MOX BWR INTACT FUEL ASSEMBLIES shall meet the

criteria specified in Table 2.1-3 for fuel assembly array/class 6x6B, and meet
the following specifications:

a. Cladding Type: Zircaloy (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 Cooling Time An-assembly-post-irradiation Cooling time

and Average Burnup Per > 18 years and an average burnup <
Assembly: 30,000 MWD/MTIHM.

e. Decay Heat Per Assembly: < 115 Watts

1. Fuel Assembly Length: < 185.0 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 +4 33) |
Fuel Assembly Limits

Il. MPC MODEL: MPC-68 (continued)
A. Allowable Contents (continued) |
4. Mixed oxide (MOX), BWR DAMAGED FUEL ASSEMBLIES, with or without
Zireatoy channels, placed in DAMAGED FUEL CONTAINERS. MOX BWR |

DAMAGED FUEL ASSEMBLIES shall meet the criteria specifiedin Table 2.1-3
for fuel assembly array/class 6x6B, and meet the following specifications:

a. Cladding Type: Zircaloy (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 2.1-3 for array/class U
Enrichment: 6x6B.

d. Post-irradiation Cooling Time Arrassembly-pest-itradiation Cooling time |

and Average Burnup Per > 18 years and an average burnup <
Assembly: 30,000 MWD/MTIHM.
e. Decay Heat Per Assembly: < 115 Watts
f. Fuel Assembly Length: < 135.0 inches (nominal design)
9. Fuel Assembly Width: < 4.70 inches (nominal design)
h. Fuel Assembly Weight: < 408 550 Ibs, including channels and |
DFC |

Certificate of Compliance No. 1014 \ ‘
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Table 2.1-1 (page 9 of 33)
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 Burnup Per Thoria
Rod Canister:

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

h. Fuel Cladding 1.D.:

i. Fuel Pellet O.D.:

/- Active Fuel Length:
k. Canister Weight:

Certificate of Compliance No. 1014
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Zircaloy (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 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 10 of 33)
Fuel Assembly Limits

Il. MPC MODEL: MPC-68 (continued)
B. Quantity per MPC:
1. Up to one (1) Dresden Unit 1 Thoria Rod Canister:

2. Up to 68 array/class 6x6A, 6x6B, 6x6C, 7x7A, or 8x8A DAMAGED FUEL
ASSEMBLIES in DAMAGE FUEL CONTAINERS;

3. Up to sixteen (16) other BWR DAMAGED FUEL ASSEMBLIES in DAMAGED FUEL
CONTAINERS in fuel storage locations 1, 2, 3, 8, 9, 16, 25, 34, 35, 44, 53, 60, 61, 686,
67, and/or 68; and/or

4. Any number of BWR INTACT FUEL ASSEMBLIES up to a total of 68.

the MPC-68: 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.

D. Dresden Unit 1 fuel assemblies with one Antimony-Beryllium neutron source ére
authorized for loading in the MPC-68. 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 8 171 of 44 33) [
Fuel Assembly Limits

lil. MPC MODEL: MPC-68F
A. Allowable Contents
1. Uranium oxide, BWR INTACT FUEL ASSEMBLIES, with or without Zircaloy
channels. Uranium oxide BWR INTACT FUEL ASSEMBLIES shall meet the

criteria specified in Table 2.1-3 for fuel assembly array class 6x6A, 6x6C, 7x7A |
or 8x8A, and meet the following specifications:

a. Cladding Type: Zircaloy (Zr)

b Maximum PLANAR-AVERAGE  As specified in Table 2.1-3 for the

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

d. Post-irradiation Cooling Time An-assembly-pest-irradiation Cooling time

and Average Burnup Per > 18 years and an average burnup <
Assembly: 30,000 MWD/MTU.
e. Decay Heat Per Assembly < 115 Watts
f. Fuel Assembly Length: < +76:2 135.0 inches (nominal design) |
g. Fuel Assembly Width: < 585 4.70 inches (nominal design) |
h. Fuel Assembly Weight: < 706 400 Ibs, including channels |

Certificate of Compliance No. 1014
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Table 2.1-1 (page 9 12 of +4 33)
Fuel Assembly Limits

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

2. Uranium oxide, BWR DAMAGED FUEL ASSEMBLIES, with or without Zircaloy
channels, placed in DAMAGED FUEL CONTAINERS. Uranium oxide BWR
DAMAGED FUEL ASSEMBLIES shall meet the criteria specified in Table 2.1-3
for fuel assembly array/class 6x6A, 6x6C, 7x7A, or 8x8A, and meet the
following specifications:

a. Cladding Type: Zircaloy (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 Burnup Per burnup < 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: <4080 550 Ibs, including channels and

DFC

Certificate of Compliance No. 1014
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Table 2.1-1 (page 10 13 of 44 33)
Fuel Assembly Limits

. MPC MODEL: MPC-68F (continued)

A. Allowable Contents (continued)

3. Uraniumoxide, BWR FUEL DEBRIS, with or without Zircaloy 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 Burnup Per
Assembly

e. Decay Heat Per Assembly

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

Certificate of Compliance No. 1014
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Zircaloy (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.

A-pest-irradiation Cooling time after

diseharge > 18 years and an average
burnup < 30,000 MWD/MTU for the

original fuel assembly.

< 115 Watts

< 135.0 inches (nominal design)
<4.70 inches (nominal design)

<400 550 Ibs, including channels and
DFC
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Table 2.1-1 (page ++ 74 of 44 33) ‘ |
Fuel Assembly Limits

ll. MPC MODEL: MPC-68F (continued)

A. Allowable Contents (continued)

4. Mixed oxide (MOX), BWR INTACT FUEL ASSEMBLIES, with or without
Zircaloy channels. MOX BWR INTACT FUEL ASSEMBLIES shall meet the
criteria specified in Table 2.1-3 for fuel assembly array/class 6x6B, and meet

the following specifications:

a. Cladding Type:

b. Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

c. Initial Maximum Rod
Enrichment:

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

e. Decay Heat Per Assembly

f. Fuel Assembly Length:
g. Fuel Assembly Width:

h. Fuel Assembly Weight:

Certificate of Compliance No. 1014
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Zircaloy (Zr)

As specified in Table 2.1-3 for fuel
assembly array/class 6x6B.

As specified in Table 2.1-3 for fuel l-;,l-'
assembly array/class 6x6B.

Arnrassembly-pest-irradiation Cooling time |
I

after-discharge > 18 years and an
average burnup < 30,000 MWD/MTIHM.

< 115 Watts

< 135.0 inches (nominal design)
<4.70 inches (nominal design)

<400 Ibs, including channels
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Table 2.1-1 (page 42 15 of 14 33)
Fuel Assembly Limits

2.0

ll. MPC MODEL: MPC-68F (continued)

A. Allowable Contents (continued)

5. Mixed oxide (MOX), BWR DAMAGED FUEL ASSEMBLIES, with or without
Zircaloy channels, placed in DAMAGED FUEL CONTAINERS. MOX BWR
DAMAGED FUEL ASSEMBLIES shall meet the criteria specified in Table 2.1-3
for fuel assembly array/class 6x6B, and meet the following specifications:

a. Cladding Type:

b. Maximum PLANAR-AVERAGE

INITIAL ENRICHMENT:

c. Initial Maximum Rod
Enrichment:

d. Post-irradiation Cooling Time

and Average Burnup Per
Assembly:

e. Decay Heat Per Assembly

f. Fuel Assembly Length:
g. Fuel Assembly Width:

h. Fuel Assembly Weight:

Certificate of Compliance No. 1014
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Zircaloy (Zr)

As specified in Table 2.1-3 for fuel
assembly array/class 6x6B.

As specified in Table 2.1-3 for fuel
assembly array/class 6x6B.

A-post-irradiation Cooling time after
discharge > 18 years and an average
burnup < 30,000 MWD/MTIHM.

< 115 Watts

< 135.0 inches (nominal design)
< 4.70 inches (nominal design)

<4086 550 Ibs, including channels and
DFC
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Table 2.1-1 (page 13 16 of +4 33) |
Fuel Assembly Limits '

ll. MPC MODEL: MPC-68F (continued)
A. Allowable Contents (continued) |
6. Mixed Oxide (MOX), BWR FUEL DEBRIS, with or without Zircaloy channels,
placed in DAMAGED FUEL CONTAINERS. The original fuel assemblies for

the MOX BWR FUEL DEBRIS shall meet the criteria specified in Table 2.1-3
for fuel assembly array/class 6x6B, and meet the following specifications:

a. Cladding Type: Zircaloy (Zr)

b. Maximum PLANAR-AVERAGE  As specified in Table 2.1-3 for original

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

d. Post-irradiation Cooling Time A-pest-irradiation Cooling time after |
and Average Burnup Per discharge > 18 years and an average |
Assembly: burnup < 30,000 MWD/MTIHM for the

original fuel assembly.

e. Decay Heat Per Assembly <115 Watts
f. Original Fuel Assembly Length: < 135.0 inches (nominal design)

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

h. Fuel Debris Weight: <400 550 Ibs, including channels and |
DFC |

. Certificate of Compliance No. 1014 l ’
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Table 2.1-1 (page 17 of 33)
Fuel Assembly Limits

ill. MPC MODEL: MPC-68F (continued)

A. Allowable Contents (continued)

7. Thoria rods (ThO,and UQ,) placed in Dresden Unit 1 Thoria Rod Canisters
and meeting the followmg specifications:

a. Cladding Type:

b. Composition:

c. Number of Rods Per Thoria Rod
Canister:

d. Decay Heat Per Thoria Rod
Canister:

e. Post-irradiation Fuel Cooling
Time and Average Burnup Per
Thoria Rod Canister:

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

h. Fuel Cladding I.D.:

i. Fuel Pellet O.D.:

J. Active Fuel Length:
k. Canister Weight:

Certificate of Compliance No. 1014

Zircaloy (Zr)

98.2 wt.% ThO,, 1.8 wt. % UO,, with an
enrichment of 93.5 wt. % 2°U,

<18

< 115 Watts

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

< 27 kg/canister
>0412 ihches
< 0.362 inches
< 0.358 inches
< 111 inches

<550 Ibs, including fuel
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Table 2.1-1 (page +4 18 of 44 33)
Fuel Assembly Limits

ll. MPC MODEL: MPC-68F (continued)

B. Quantity per MPC (up to a total of 68 assemblies):
(All fuel assemblies must be array/class 6x6A, 6x6B, 6x6C, 7X7A, or 8x8A):

Up to four (4) DFCs containing uranium oxide BWR FUEL DEBRIS or MOX BWR
FUEL DEBRIS. The remaining MPC-68F fuel storage locations may be filled with
> ; - ; fuel assemblies of the following
type, as applicable:
1. Uranium oxide BWR INTACT FUEL ASSEMBLIES;

2. MOX BWR INTACT FUEL ASSEMBLIES;

3. Uranium oxide BWR DAMAGED FUEL ASSEMBLIES placed in DFCs; of
4. MOX BWR DAMAGED FUEL ASSEMBLIES placed in DFCs: or

5. Up to one (1) Dresden Unit 1 Thoria Rod Canister.

C. Fuel assemblies with stainless steel channels are not authorized for loading in the
MPC-68F.

D. Dresden Unit 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 33)
Fuel Assembly Limits

V. 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: Zircaloy (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.

¢. Post-irradiation Cooling Time and
Average Burnup Per Assembly:

i. Array/Classes 14x14D, 14x14E, Cooling time > 8 years and an average

and 15x15G burnup < 40,000 MWD/MTU.
ii. All Other Array/Classes As specified in Tables 2.1-4 or 2.1-6.,
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 20 of 33)
Fuel Assembly Limits

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

A. Allowable Contents (continued)

d. Decay Heat Per Assembly:

i. Array/Classes 14x14D, < 710 Watls.
14x14E, and 15x15G
ii. Alf other Array/Classes As specified in Tables 2.1-5 or 2.1-7.
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)

Certificate of Compliance No. 1014 l i l
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Table 2.1-1 (page 21 of 33)
Fuel Assembly Limits

V. 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 folfowing specifications (Note 1):

a. Cladding Type:

b. Initial Enrichment:

c. Post-irradiation Cooling Time
and Average Burnup Per
Assembly:

I. Array/Classes 14x14D,
14x14E, and 15x15G

ii. All Other Array/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
Appendix B

Zircaloy (Zr) or Stainless Steel (SS) as
specified in Table 2.1-2 for the applicable
fuel assembly array/class

< 4.0 wit% 5.

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

As specified in Tables 2.1-4 or 2.1-6.

As specified in Table 2.1-8.
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Table 2.1-1 (page 22 of 33)
Fuel Assembly Limits

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

A. Allowable Contents (continued)

d. Decay Heat Per Assembly

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

ii. All Other Array/Classes As specified in Tables 2.1-5 or 2.1-7.

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 in DAMAGED
FUEL CONTAINERS, stored in fuel storage locations 3, 6, 19 and/or 22. The
remaining MPC-24E fuel storage locations may be filled with PWR INTACT FUEL
ASSEMBLIES meeting the applicable specifications.

C. FUEL DEBRIS is not authorized for loading in the MPC-24E.

Note 1: Fuel assemblies containing BPRAs or TPDs may be stored in any fuel storage
location. Fuel assemblies containing CRAs or APSRs must 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 33)
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:

b. Initial Enrichment:

c. Post-irradiation Cooling Time
and Average Burnup Per
Assembly '

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

ii. All Other Array/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
Appendix B

Zircaloy (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 > 9 years and an average
burnup < 30,000 MWD/MTU or cooling
time > 20 years and an average burnup <
40,000 MWD/MTU.

As specified in Tables 2.1-4 or 2.1-6.

As specified in Table 2.1-8.
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Table 2.1-1 (page 24 of 33)
Fuel Assembly Limits

V. MPC MODEL: MPC-32 (continued)

A. Allowable Contents (continued)

d. Decay Heat Per Assembly

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

ii. All Other Array/Classes As specified in Tables 2.1-5 or 2.1-7.

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

. Fuel Assembly Width < 8.54 inches (nominal design)

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

B. Quantity per MPC: Up to 32 PWR INTACT FUEL ASSEMBLIES.

C. DAMAGED FUEL ASSEMBLIES and FUEL DEBRIS are not authorized for loading in
the MPC-32.

Note 1: Fuel assemblies containing BPRAs or TPDs may be stored in any fuel storage
location. Fuel assemblies containing CRAs or APSRs must 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 25 of 33)
Fuel Assembly Limits

VI. MPC MODEL: MPC-68FF

A. Allowable Contents

1. Uranium oxide or MOX BWR INTACT FUEL ASSEMBLIES listed in Table 2.1-2, with
or without channels and meeting the following specifications:

a. Cladding Type:

¢. Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

d. Initial Maximum Rod Enrichment

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

i. Array/Classes 6x6A, 6x6C,
7X7A, and 8x8A

ii. Array/Class 8x8F

iii. Array/Classes 10x10D and
10x10E

iv. All Other Array/Classes

Certificate of Compliance No. 1014
Appendix B

Zircaloy (Zr) or Stainless Steel (SS) as
specified in Table 2.1-3 for the applicable fuel
assembly array/class

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

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

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

Cooling time > 10 years and an average
burnup < 27,500 MWD/MTU.

Cooling time > 10 years and an average
burnup < 22,500 MWD/MTU.

As specified in Tables 2.1-4 or 2.1-6.
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Table 2.1-1 (page 26 of 33)
Fuel Assembly Limits

VI. MPC MODEL: MPC-68FF (continued)

A. Allowable Contents (continued)

e. Decay Heat Per Assembly

i. Array/Classes 6x6A, 6x6C,
7X7A, and 8x8A

ii. Array/Class 8x8F

iii. Array/Classes 10x10D and
10x10E

iv. All Other Array/Classes
f.  Fuel Assembly Length
g. Fuel Assembly Width
h. Fuel Assembly Weight

Certificate of Compliance No. 1014
Appendix B

< 115 Watts

< 183.5 Watts

< 95 Watls

As specified in Tables 2.1-5 or 2.1-7.
< 176.5 inches (nominal design)
< 5.85 inches (nominal design)

< 700 Ibs, including channels
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Table 2.1-1 (page 27 of 33)
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: Zircaloy (Zr) or Stainless Steel (SS) in
accordance with Table 2.1-3 for the
applicable fuel assembly array/class.

b. Maximum PLANAR-AVERAGE

INITIAL ENRICHMENT:

i. Array/Classes 6x6A, 6x6B, As specified in Table 2.1-3 for the applicable
6x6C, 7x7A, and 8x8A. fuel assembly array/class.

ii. All Other Array Classes < 4.0 wi.% 9.

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

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

I. Array/Class 6x6A, 6x6B, Cooling time > 18 years and an average

6x6C, 7x7A, or 8x8A burnup < 30,000 MWD/MTU
{or MWD/MTIHM).
ii.  Array/Class 8x8F Cooling time_> 10 years and an average
burnup < 27,500 MWD/MTU.

fii.  Array/Class 10x10Dand  Cooling time > 10 years and an average
10x10E burnup < 22,500 MWD/MTU.

iv.  All Other Array/Classes As specified in Tables 2.1-4 or 2.1-6.

Certificate of Compliance No. 1014
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Table 2.1-1 (page 28 of 33)
Fuel Assembly Limits

VI. MPC MODEL: MPC-68FF (continued)

A. Allowable Contents (continued)

e. Decay Heat Per Assembly

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

ii.  All Other Array/Classes
g. Fuel Assembly Width

I.  Array/Class 6x6A, 6x6B, 6x6C,
7X7A, or 8x8A

ii. ~ All Other Array/Classes
h. Fuel Assembly Weight

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

ii.  All Other Array/Classes

Certificate of Compliance No. 1014

< 115 Watts

< 183.5 Watts

< 95 Waltts

As specified in Tables 2.1-5 or 2.1-7

< 135.0 inches (nominal design)

.2 176.5 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 33 of 33)
Fuel Assembly limits

VI. MPC MODEL: MPC-68FF (continued)

B. Quantity per MPC (up to a total of 68 assemblies)

D.

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:

3. Uranium Oxide BWR INTACT FUEL ASSEMBLIES; or

4. MOX BWR INTACT FUEL ASSEMBLIES;

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.

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 30 of 33)
Fuel Assembly Limits

Vil. MPC MODEL: MPC-24EF

A. Allowable Contents

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

a. Cladding Type:

b. Initial Enrichment:

¢. Post-irradiation Cooling Time and
Average Burnup Per Assembly:

i. Array/Classes 14x14D, 14x14E,
and 156x15G

ii. All Other Array/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
Appendix B

Zircaloy (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 Tables 2.1-4 or 2. 1-6.

As specified in Table 2.1-8.
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Table 2.1-1 (page 31 of 33)
Fuel Assembly Limits

2.0

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

A. Allowable Contents (continued)

d. Decay Heat Per Assembly:

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

ii. All other Array/Classes
e. Fuel Assembly Length:
. Fuel Assembly Width:
g. Fuel Assembly Weight:

Certificate of Compliance No. 1014
Appendix B

< 710 Wallts.

As specified in Tables 2.1-5 or 2.1-7.
< 176.8 inches (nominal design)
< 8.54 inches (nominal design)

< 1,680 Ibs (including NON-FUEL
HARDWARE)
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Table 2.1-1 (page 32 of 33)
Fuel Assembly Limits

Vil. MPC MODEL: MPC-24EF (continued)
A. Allowable Contents (continued)

2. Uranium oxide, PWR DAMAGED FUEL ASSEMBLIES and FUEL DEBRIS,
with or without NON-FUEL HARDWARE, placed in DAMAGED FUEL
CONTAINERS. Uranium oxide PWR DAMAGED FUEL ASSEMBLIES and
FUEL DEBRIS shall meet the criteria specified in Table 2.1-2 and meet the
following specifications (Note 1):

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

b. Initial Enrichment: < 4.0 wi% U,

c. Post-irradiation Cooling Time
and Average Burnup Per

Assembly:

i. Array/Classes 14x14D, Cooling time > 8 years and an average
14x14E, and 15x15G burnup < 40,000 MWD/MTU.

ii. All Other Array/Classes As specified in Tables 2.1-4 or 2.1-6.

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 33 of 33)
Fuel Assembly Limits

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

A. Allowable Contents (continued)

d. Decay Heat Per Assembly

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

ii. All Other Array/Classes As specified in Tables 2.1-5 or 2.1-7.

e. Fuel Assembly Length < 176.8 inches (nominal design)
. 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-24E fuel storage locations may be filled
with PWR INTACT FUEL ASSEMBLIES meeting the applicable specifications.

Note 1: Fuel assemblies containing BPRAs or TPDs may be stored in any fuel storage
location. Fuel assemblies containing CRAs or APSRs must 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 2.1-2 (page 1 of 4)
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)
Fuel Assembly 14x14A 14x14B 14x14C 14x14D 14x14E |
Array/Class
Clad Material Zr Zr Zr SS SS |
(Note 2)
Design Initial U =402 <402 <410 <400 < 206
(kg/assy.) (Note 3) <407 <407 <425
Initial Enrichment <4.6 (24) <46 (24) <4.6 (24) <4.0 24) <5.0(24)
(MPC-24, 24E and
24EF without <50 <50 <5.0 <5.0 <5.0
soluble boron (24E/24EF) (24E/24EF) (24E/24EF) (24E/24EF) (24E/24EF)
credit)
(Wt % 235U)
(Note 7)
Initial Enrichment <5.0 <50 <5.0 <5.0 <5.0
(MPC-24, 24E,
24EF, or 32 with
soluble boron
credit - see Notes
5and7) [ J
(Wt % 235U) o
No. of Fuel Rod 179 179 176 180 173
Locations
Fuel Rod Clad > 0.400 >0.417 >0.440 >0.422 >0.3415 I
0.D. (in)
Fuel Rod Clad 1.D. <0.3514 <0.3734 =0:3846 <0.3890 <0.3175
(in.) <0.3880
Fuel Pellet Dia. <0.3444 <0.3659 =6:3770 <0.3835 <0.3130
(in.) < 0.3805
Fuel Rod Pitch (in.) < 0.556 < 0.556 <0.580 < 0.556 Note 6 : |
Active Fuel Length <150 <150 < 150 <144 <102 |
(in.)
No. of Guide 17 17 5 (Note 4) 16 0
and/or Instrument
Tubes
Guide/instrument >0.017 >0.017 >0:640 >0.0145 N/A
Tube >0.038
Thickness (in.)
Certificate of Compliance No. 1014 L J
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Table 2.1-2 (page 2 of 4)
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)
Fuel Assembly 15x15A 15x15B 15x15C 15x15D 15x15E 15x15F
Array/Class
Clad Material Zr Zr Zr Zr Zr Zr
(Note 2)
Design Initial U =420 < 464 < 464 <475 <475 <475
(kg/assy.) < 464
(Note 3) _
Initial Enrichment < 4.1 (24) <41 (24) <4.1 (24 <4.1 (24) <4.1 (24) <41 (24)
(MPC-24, 24E and
24EF without <45 <45 <4.5 <45 <4.5 <45
soluble boron (24E/24EF) | (24E/24EF) | (24E/24EF) | (24E/24EF) | (24E/24EF) | (24E/24EF)
credif)
(wt % 25U)
(Note 7)
Initial Enrichment <50 <50 <5.0 <50 <5.0 <5.0
(MPC-24, 24E,
24EF, or 32 with
soluble boron credit
- see Notes 5 and 7)
(wt % 25U)
No. of Fuel Rod 204 204 204 208 208 208
Locations
Fuel Rod Clad O.D. >0.418 > 0.420 >0417 >0.430 >0.428 >0.428
(in.)
Fuel Rod Clad 1.D. < 0.3660 <0.3736 <0.3640 < 0.3800 <0.3790 <0.3820
(in.)
Fuel Pellet Dia. (in.) < 0.3580 < 0.3671 <0.3570 <0.3735 < 0.3707 <0.3742
Fuel Rod Pitch (in.) < 0.550 < 0.563 < 0.563 < 0.568 <0.568 <0.568
Active Fuel Length <150 <150 <150 <150 <150 <150
(in.)
No. of Guide and/or 21 21 21 17 17 17
Instrument Tubes
Guide/instrument >0.0165 > 0.015 >0.0165 > 0.0150 >0.0140 > 0.0140
Tube Thickness
(in.)
Certificate of Compliance No. 1014
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Table 2.1-2 (page 3 of 4)
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)
Fuel Assembly 15x15G 15x15H 16x16A 17x17A 17x17B 17x17C
Array/ Class
Clad Material SS zZr Zr Zr Zr Zr
(Note 2)
Design Initial U <420 <475 <430 <450 <464 =466
(kg/assy.) <443 <467 <467 <474
(Note 3)
Initial Enrichment <4.0 (24) <3.8(24) < 4.6 (24) <40(24) | <4.0(24) <4.0 (24)
(MPC-24 24E, and
24EF without <45 <4.2 <5.0 <4.4 <4.4 <4.4
soluble boron (24E/24EF) | (24E/24EF) | (24E/24EF) | (24E/24EF) (24E/24EF) (24E/24EF)
credit)
(Wt % 235U)
(Note 7)
Initial Enrichment <5.0 <5.0 <5.0 <5.0 <5.0 <5.0
(MPC-24, 24E,
24EF, or 32 with
soluble boron
credit - see Notes
5and7)
wt % #°U)
No. of Fuel Rod 204 208 236 264 264 264
Locations
Fuel Rod Clad > 0.422 >0414 >0.382 > 0.360 >0.372 >0.377
O.D. (in.)
Fuel Rod Clad 1.D. <0.3890 <0.3700 <0.3320 <0.3150 <0.3310 < 0.3330
(in.)
Fuel Pellet Dia. < 0.3825 <0.3622 <0.3255 <0.3088 <0.3232 < 0.3252
(in.)
Fuel Rod Pitch (in.) <0.563 <0.568 < 0.506 < 0.496 <0.496 <0.502
Active Fuel Length <144 < 150 <150 <150 <150 <150
(in.)
No. of Guide 21 17 5 (Note 4) 25 25 25
and/or Instrument
Tubes
Guide/Instrument >0.0145 >0.0140 > 0.0400 >0.016 >0.014 >0.020
Tube
Thickness (in.)
Certificate of Compliance No. 1014
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Table 2.1-2 (page 4 of 4)
PWR FUEL ASSEMBLY CHARACTERISTICS

Notes:

1.

All dimensions are design nominal values. Maximum and minimum dimensions are specified
to bound variations in design nominal values among fuel assemblies within a given array/class.

Zr designates cladding material made of zirconium or zirconium alloys.

. 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-Hnitiat uranium weight

limit specified in this table may be increased up to 2.0 percent higher-than-the-design-initiat

draniurm-weight-due 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 array/class includes only the Indian Point Unit 1 fuel assembly. This fuel
assembly has two pitches in different sectors of the assembly.

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 is limited to the maximum initial enrichment of the DAMAGED FUEL
ASSEMBLIES and FUEL DEBRIS (i.e., 4.0 wt.% 2351)).
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BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)
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Fuel Assembly 6x6A 6x6B 6x6C TX7TA 7x7B 8x8A
Array/Class
Clad Material Zr Zr Zr Zr Zr Zr
(Note 2)
Design Initial U =168 =168 =08 <100 <195 <120
(kg/assy.) (Note 3) 110 110 110
Maximum PLANAR- <27 < 2.7 for the <27 <27 <42 <27
AVERAGE INITIAL U0, rods.
ENRICHMENT See Note 4
(wt.% 235U) for MOX
(Note 14) rods
Initial Maximum Rod <4.0 <4.0 <4.0 =40 <5.0 <4.0
Enrichment <5.5
(wt.% Q)
No. of Fuel Rod 35 or 36 35 or 36 (up 36 49 49 63 or64
Locations to 9 MOX
rods)
Fuel Rod Clad 0.D. > 0.5550 >0.5625 > 0.5630 > 0.4860 > 0.5630 >0.4120
(in.)
Fuel Rod Clad 1.D. <4945 <0.4945 <0.4990 =6:4200 < 0.4990 <0.3620
(in.) <05105 <0.4204
Fuel Pellet Dia. (in.) <0-4940 < 0.4820 < 0.4880 <0.4110 =0-4880 <0.3580
<0.4980 <0.4910
Fuel Rod Pitch (in.) =6-694 =6:694 <0.740 <0.631 <0.738 <0.523
<0.710 <0.710
Active Fuel Length =+ =0 2775 =79 <150 =H0
(in) <120 <120 <80 <120
No. of Water Rods 1orQ 1or0Q 0 0 0 1or0
(Note 11)
Water Rod NA NA N/A N/A N/A NA
Thickness (in.) >0 >0 >0
Channel Thickness <0.060 <0.060 < 0.060 <0.060 <0.120 <0.100
(in.)
Certificate of Compliance No. 1014
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BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

2.0

N
Fuel Assembly

8x8B 8x8C 8x8D 8x8E 8x8F 9x9A
Array/Class
Clad Material Zr Zr zr Zr zr Zr
(Note 2)
Design Initial U =85 =185 =485 =86 <191 =73
{(kg/assy.) (Note 3) < 191 <191 < 191 <191 <179
Maximum PLANAR- <4.2 <4.2 <4.2 <42 <4.0 <4.2
AVERAGE INITIAL
ENRICHMENT
(wt.% 2°U)
(Note 14)
Initial Maximum Rod <5.0 <5.0 <5.0 <5.0 <50 <5.0
Enrichment
(wt.% 25U)
No. of Fuel Rod 63 or 64 62 60 or 61 59 64 74/66
Locations (Note 5)
Fuel Rod Clad O.D. > 0.4840 > 0.4830 > 0.4830 >0.4930 >0.4576 > 0.4400
(in.)
Fuel Rod Clad I.D. < 04256 <0.4250 =04196 <0.4250 <0.3996 <0.3840
(in.) < 0.4295 <0.4230
Fuel Pellet Dia. (in.) =0-4166 <0.4160 =04H0 <0.4160 <0.3913 <0.3760

<0.4195 <0.4140
Fuel Rod Pitch (in.) =064+ < 0.641 <0.640 <0.640 <0.609 < 0.566
<0.642

Design Active Fuel <150 <150 <150 < 150 <150 <150
Length (in.)
No. of Water Rods 1or0 2 1-4 5 N/A 2
(Note 11) (Note 6 7) {Note 12)
Woater Rod Thickness >0.034 >0.00 >0.00 >0.034 >0.0315 > 0.00
(in.)
Channel Thickness (in.) <0.120 <0.120 <0.120 <0.100 <0.055 <0.120
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Table 2.1-3 (page 3 of 5)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)
Fuel Assembly 9x9B 9x9C 9x9D 9x9E 9x9F 9x9G
Array/Class (Note 13) | (Note 13)
Clad Material (Note Zr Zr Zr Zr Zr zZr |
2)
Design Initial U =173 =473 =176 =70 =170 <179
(kg/assy.) (Note 3) <179 <179 <179 <179 <179
Maximum PLANAR- <4.2 <42 <4.2 =42 =42 <4.2
AVERAGE INITIAL <4.0 <4.0
ENRICHMENT
{(wt.% #°U)
(Note 14)
Initial Maximum Rod <5.0 <5.0 <5.0 <5.0 <5.0 <50 |
Enrichment
(Wt.% 235U)
No. of Fuel Rod 72 80 79 76 76 Y l l
Locations : ' ey
Fuel Rod Clad O.D. >04330 | >0.4230 > 0.4240 >0.4170 > 0.4430 >0.4240 |
(in.)
Fuel Rod Clad 1.D. <0.3810 < 0.3640 < 0.3640 =6:3596 =63810 <0.3640
(in.) < 0.3640 <0.3860
Fuel Pellet Dia. (in.) < 0.3740 < 0.3565 < 0.3565 <6:3525 <0.3745 <0.3565
<0.3530
Fuel Rod Pitch (in.) =6:569 <0572 <0572 <0.572 <0572 <0572
' <0.572
Design Active Fuel <150 < 150 <150 <150 <150 <150 |
Length (in.) :
No. of Water Rods 1 (Note 76) 1 2 5 5 )
(Note 11) (Note 6)
Water Rod Thickness >0.00 > 0.020 >6:6305 =>0:0305 >0-0305 >0.0320
(in.) > 0.0300 >0.0120 >0.0120
Channel Thickness (in.) <0.120 <0.100 <0.100 =8-100 =5-160 <0.120
<0.120 <0.120

Certificate of Compliance No. 1014

Appendix B

2-46




Approved Contents

2.0
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 (Note 2) Zr Zr Zr SS SS
Design Initial U (kg/assy.) (Note 3) =482 =482 <180 <125 <125
<188 < 188 <188
Maximum PLANAR-AVERAGE INITIAL <4.2 <4.2 <4.2 <4.0 <4.0
ENRICHMENT
(wt.% 235U)
(Note 14)
Initial Maximum Rod Enrichment <5.0 <5.0 <5.0 <5.0 <5.0
(wt.% 235U)
No. of Fuel Rod Locations 92/78 91/83 96 100 96
(Note 8) (Note 9)
Fuel Rod Clad O.D. (in.) >0.4040 > 0.3957 >68:3756 > 0.3960 > 0.3940
>0.3780
Fuel Rod Clad 1.D. (in.) < 0.3520 < 0.3480 < 0.3294 < 0.3560 < 0.3500
Fuel Pellet Dia. (in.) <0.3455 <0.3420 <0.3224 < 0.3500 <0.3430
Fuel Rod Pitch (in.) <0.510 <0.510 <0.488 <0.565 < 0.557
Design Active Fuel Length (in.) <150 <150 <150 <83 <83
No. of Water Rods (Note 11) 2 1 (Note 7 6) 5 (Note 10) 0 4
Water Rod Thickness (in.) > 0.0300 > 0.00 >6-034 N/A >0.022
>0.031
Channel Thickness (in.) <0.120 <0.120 < 0.055 <0.080 <0.080
Certificate of Compliance No. 1014
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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.

Zr designates cladding material made of zirconium or zirconium alloys.

Design initial uranium weight is the nominal uranium weight specified for each assembly by the fuel
manufacturer or reactor user. For each BWR fuel assembly, the total initiat uranium weight limit
specified in this table may be increased up to 1.5 percent hi tgr-init i
weight-dte for comparison with users’ fuel records to account for manufacturer tolerances.

< 6:612 0.635 wt. % **U and < 1.578 wt. % total fissile plutonium (2*°Pu and 2*'Pu), (wt. % of total
fuel weight, i.e., UO, plus PuQ,).

This assembly class contains 74 total rods; 66 full length rods and 8 partial length rods.
Square, replacing nine fuel rods.

Variable.

This assembly contains 92 total fuel rods; 78 full length rods and 14 partial length 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 ends and contain Zr material in lieu of water.

This assembly is known as “QUAD+.” It has four rectangular water cross segments 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 I.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 for the
INTACT FUEL ASSEMBLIES is limited to 3.7 wt.% #*U, as applicable.
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Table 2.1-4
FUEL ASSEMBLY COOLING AND MAXIMUM AVERAGE BURNUP {Nete-)
(UNIFORM FUEL LOADING)
Post- MPC-24 MPC-24E/24EF MPC-24E/24EF MPC-32 MPC-68/68FF MPC-68/68FF
irradiation PWR PWR Assembly PWR Assembly PWR BWR Assembly BWR Assembly
Cooling Assembly Burnup Burnup Assembly Burnup Burnup
Time Burnup (NTACT FUEL (DAMAGED FUEL Burnup (INTACT FUEL (DAMAGED FUEL
(vears) (NTACT FUEL  ASSEMBLIES) ASSEMBLIES AND (INTACT FUEL  ASSEMBLIES) ASSEMBLIES AND
ASSEMBLIES) (MWD/MTU) FUEL DEBRIS) ASSEMBLIES (MWD/MTU) FUEL DEBRIS)
(MWD/MTU) (MWD/MTU) (MWD/MTU) (MWD/MTU)
>5 40,600 41,100 39,200 32,200 38,300 33,400
26 45,000 45,000 43,700 36,500 41,600 36,600
>7 45,900 46,300 45,200 37,500 42,300 37,000
>8 48,300 48,900 47,300 39,900 44,800 39,100
>9 50,300 50,700 49,000 41,500 46,600 40,700
>10 51,600 52,100 50,100 42,900 48,000 41,900
=1 53,100 53,700 51,500 44,100 49,600 43,000
>12 54,500 55,100 52,600 45,000 50,800 44,100
>13 55,600 56,100 53,800 45,700 51,800 45,000
=14 56,500 57,100 54,900 46,500 52,700 45,800
>15 57,400 58,000 55,800 47,200 53,900 46,500

Note:

1. Linear interpolation between points is permitted.
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Table 2.1-5
FUEL ASSEMBLY COOLING AND MAXIMUM DECAY HEAT {Nete-
(UNIFORM FUEL LOADING)
Post- MPC-24 MPC-24E/24EF MPC-24E/24EF MPC-32 MPC-68/68FF MPC-68/68FF
irradiation PWR Assembly PWR Assembly PWR Assembly PWR Assembly = BWR Assembly BWR Assembly
Cooling Decay Heat Decay Heat Decay Heat Decay Heat Decay Heat Decay Heat
Time (INTACT FUEL (INTACT FUEL (DAMAGED FUEL (INTACT FUEL (INTACT FUEL (DAMAGED FUEL
{years) ASSEMBLIES) ASSEMBLIES) ASSEMBLIES AND ASSEMBLIES ASSEMBLIES) ASSEMBLIES AND
(Watts) (Watis) FUEL DEBRIS) (Watts) (Watits) FUEL DEBRIS)
(Watts) (Watts)

>5 1157 1173 1115 898 414 356

>6 1123 1138 1081 873 394 337

>7 1030 1043 1009 805 363 308

>8 1020 1033 993 800 360 305

>9 1010 1023 977 794 358 303

>10 1000 1012 962 789 355 300

>11 996 1008 958 785 353 299

|

>12 992 1004 954 782 352 ! 297 l
>13 987 999 949 773 350 296

>14 983 995 945 769 348 294

>15 979 991 941 766 347 293

Notes: 1. Linear interpolation between points is permitted.

2. Includes all sources of heat ( i.e., fuel and NON-FUEL HARDWARE).
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Table 2.1-6 (page 1 of 2)
FUEL ASSEMBLY COOLING AND MAXIMUM AVERAGE BURNUP
(REGIONALIZED FUEL LOADING)
Post-irradiation MPC-;4 MPC-Z; MPC-2=4E/24EF =MPC-24E/24EF
Cooling Time PWR Assembly PWR Assembly PWR Assembly PWR Assembly
(years) Burnup Burnup Burnup Burnup
for Region 1 for Region 2 for Region 1 for Region 2
(MWD/MTU) (MWD/MTU) (MWD/MTU) (MWD/MTU)

>5 49,800 32,200 51,600 32,200
>6 56,100 37,400 58,400 37,400
>7 56,400 41,100 58,500 41,100
>8 58,800 43,800 60,900 43,800
>9 60,400 45,800 62,300 45,800
>10 61,200 47,500 63,300 47,500
>11 - 62,400 49,000 64,900 49,000
>12 63,700 50,400 _ 65,900 50,400
>13 64,800 51,500 66,800 51,500
> 14 65,500 52,500 67,500 52,500
>15 66,200 53,700 68,200 53,700
=16 - 55,000 - 55,000
>17 - 55,900 - 55,900
=18 - 56,800 - 56,800
>19 - 57,800 - 57,800
>20 - 58,800 - 58,800

Note: 1. Linear interpolation between points is permitted.

2. These limits apply to INTACT FUEL ASSEMBLIES, DAMAGED FUEL ASSEMBLIES, and FUEL
DEBRIS. .
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Table 2.1-6 (page 2 of 2)
FUEL ASSEMBLY COOLING AND MAXIMUM AVERAGE BURNUP
(REGIONALIZED FUEL LOADING)
Post-irradiation MPC-32 MPC-32 MPC-68/68FF MPC-68/68FF ’
Cooling Time PWR Assembly PWR Assembly BWR Assembly BWR Assembly
(vears) Burnup Burnup Burnup Burnup
for Region 1 for Region 2 for Region 1 for Region 2
(MWD/MTU) (MWD/MTU) (MWD/MTU) (MWD/MTU)

>5 39,800 22,100 45,100 26,200 |

>6 43,400 26,200 47,400 30,500 |

>7 44,500 29,100 47,400 33,600 |

>8 46,700 31,200 50,400 35,900 |

>9 48,400 32,700 52,100 37,600 |
> 10 49,600 34,100 53,900 39,000 [ \

> 11 50,900 35,200 55,500 40,200 |

>12 51,900 : 36,200 56,500 41,200 |

>13 52,900 37,000 57,500 42,300 |

> 14 53,800 37,800 58,800 43,300 |

>15 54,700 . 38,600 59,900 44,200 |

>16 . 39,400 . 45,000 |

>17 - 40,200 - 45,900 |

>18 - 40,800 - 46,700 a

>19 - 41,500 - 47,500 |

>20 - 42,200 - 48,500 |

Note: 1. Linear interpolation between points is permitted.

2. Theselimits apply to INTACT FUEL ASSEMBLIES, DAMAGED FUELASSEMBLIES, and FUEL ,
DEBRIS.

[ |
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FUEL ASSEMBLY COOLING AND MAXIMUM DECAY HEAT
(REGIONALIZED FUEL LOADING)
Post-irradiation MPC-24 MPC-24 MPC-24E/24EF MPC-24E/24EF
Cooling Time PWR Assembly PWR Assembly PWR Assembly PWR Assembly
{vears) Decay Heat Decay Heat Decay Heat Decay Heat
for Region 1 for Region 2 for Region 1 for Region 2
(Watts) (Watts) (Watis) (Watts)

=5 1470 900 1540 800
1470 900 1540 900

>7 1335 800 1395 800
>8 1,301 900 1360 900
> 1268 900 1325 800
>10 1235 900 1290 900
211 1221 900 1275 900
212 1207 800 1260 900
213 1193 900 1245 900
=14 1179 800 1230 900
215 1165 900 1215 900
216 - 900 - 900
217 - 900 - 800
>18 - 900 - 800
219 - 800 - 800
220 - 800 - 800

Notes: 1. Linear interpolation between points is permitted.
2. Includes alfl sources of decay heat (i.e., fuel and NON-FUEL HARDWARE).

3. Theselimits apply to INTACT FUEL ASSEMBLIES, DAMAGED FUEL ASSEMBLIES, and FUEL DEBRIS.
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Table 2.1-7 (page 2 of 2)
FUEL ASSEMBLY COOLING AND MAXIMUM DECAY HEAT
(REGIONALIZED FUEL LOADING)
Post-irradiation MPC-32 MPC-32 MPC-68/68FF MPC-68/68FF l
Cooling Time PWR Assembly PWR Assembly BWR Assembly BWR Assembly
(vears) Decay Heat Decay Heat Decay Heat Decay Heat
for Region 1 for Region 2 for Region 1 for Region 2
(Watts) (Watts) (Watts) (Watis)

>5 1131 600 500 275 |

>6 1072 600 - 468 275 |

>7 993 600 418 275 ]

>8 978 600 414 275 |

> 964 600 410 275 |

>10 950 600 405 275 |
> 11 943 600 403 | 275 [ ' J

>12 937 600 400 275 T

>13 931 600 397 275 |

> 14 924 600 394 275 |

>15 918 600 391 275 |

>16 - 600 - 275 |

>17 - 600 - 275 |

>18 - 600 - 275 |

>19 - 600 - 275 |

>20 - 600 - 275 |

Notes: 1. Linear interpolation between points is permitted.
2. Includes all sources of decay heat (i.e., fuel and NON-FUEL HARDWARE).

3. Theselimits apply to INTACT FUEL ASSEMBLIES, DAMAGED FUEL ASSEMBLIES, and FUEL
DEBRIS.

| |
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Table 2.1-8
NON-FUEL HARDWARE COOLING AND AVERAGE BURNUP

Post-irradiation BPRA TPD CRA APSR
Cooling Time BURNUP BURNUP BURNUP BURNUP
(vears) (MWD/MTU) (MWD/MTU) (MWD/MTU) (MWD/MTU)

>3 <20,000 NA (Note 3) NA NA
>4 < 25000 < 20,000 NA NA
>5 < 30,000 < 25,000 < 630,000 < 45,000
>6 < 40,000 < 30,000 - < 54,500
>7 < 45,000 < 40,000 - < 68,000
>8 < 50,000 < 45,000 - < 83,000
>9 < 60,000 < 50,000 - < 111,000
210 - < 60,000 - < 180,000
> 11 - < 75,000 - < 630,000
>12 - < 90,000 - -
> 13 - < 180,000 - -
>14 - < 630,000 - -

Notes: 1. Linear interpolation between points is permitted, except that TPD and APSR burnups > 180,000
MWD/MTU and < 630,000 MWD/MTU must be cooled > 14 years and > 11 years, respectively.

2. Applicable to uniform loading and regionalized loading.

3. NA means not authorized for loading.
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- 3.0 DESIGN FEATURES

3.1 Site
3.1.1 Site Location
The HI-STORM 100 Cask System is authorized for general use by 10

CFR Part 50 license holders at various site locations under the
provisions of 10 CFR 72, Subpart K.

3.2  Design Features Important for Criticality Control
3.21 MPC-24
1. Flux trap size: > 1.09 in.
2. '“Bloading in the Boral neutron absorbers: > 0.0267 g/cm?
3.22 MPC-68 and MPC-68FF
1. Fuel cell pitch: > 6.43 in. :
2. "B loading in the Boral neutron absorbers: > 0.0372 g/cm?
3.2.3 MPC-68F
1. Fuel cell pitch: > 6.43 in.
2. "B loading in the Boral neutron absorbers: > 0.01 g/cm?
3.24 MPC-24E and MPC-24EF
1. Flux trap size:
i. Cells3, 6,19 and 22: >0.776 inch
ii. All Other Cells: > 1.076 inches
2. "“Bloading in the Boral neutron absorbers: > 0.0372 g/cn?
3.25 MPC-32
1. Fuel cell pitch: > 9.158 inches

2. "°B loading in the Boral neutron absorbers: > 0.0372 g/lem?
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DESIGN FEATURES

Table 3-1 (page 1 of 5)

LIST OF ASME CODE EXCEPTIONS FOR Hi-STORM 100 CASK SYSTEM

Component Reference ASME Code Requirement Exception, Justification &
Code Compensatory Measures
Section/Article

MPC NB-1100 Statement of MPC enclosure vessel is
requirements for Code designed and will be fabricated
stamping of components. | in accordance with ASME

Code, Section lll, Subsection
NB to the maximum practical
extent, but Code stamping is
not required.

MPC NB-2000 Requires materials to be Materials will be supplied by
supplied by ASME- Holtec-approved suppliers with
approved material Certified Material Test Reports
supplier. (CMTRs) in accordance with

NB-2000 requirements.

MPC Lid and NB-4243 Full penetration welds MPC lid and closure ring are

Closure Ring required for Category C not full penetration welds.

Weids Joints (flat head to main They are welded independently
shell per NB-3352.3). to provide a redundant seal.

Additionally, a weld efficiency
factor of 0.45 has been applied
to the analyses of these welds.

MPC Lid to NB-5230 Radiographic (RT) or Only UT or multi-layer liquid

Shell Weld ultrasonic (UT) penetrant (PT) examination is
examination required permitted. If PT alone is used,

at a minimum, it will include the
root and final weld layers and
each approximately 3/8 inch of
weld depth.

MPC Closure NB-5230 Radiographic (RT) or Root (if more than one weld

Ring, Vent and ultrasonic (UT) pass is required) and final

Drain Cover examination required liquid penetrant examination to

Plate Welds be performed in accordance

with NB-5245. The MPC vent
and drain cover plate welds are
leak tested. The closure ring
provides independent
redundant closure for vent and
drain cover plates.

(continued)
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£ DESIGN FEATURES (continued)

Design Features
3.0

3.4 Site-Specific Parameters and Analyses

Site-specific parameters and analyses that will require verification by the system user

are, as a minimum, as follows:

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

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

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

Gy +uGy<p

where - u is the Coulomb frictich coefficient for the HI-STORM
100/ISFSI pad interface. Unless demonstrated by appropriate testing
that a higher value of u is appropriate for a specific ISFSI, the value of
M used shall be 0.53.
combinations for 1 = 0.53 are provided in Table 3-2.

Representative values of G,, and G,

Table 3-2

Representative DBE Acceleration Values to Prevent HI-STORM 100 Sliding (u = 0.53)

Equivalent Vectorial Sum of Two
Horizontal ZPA’s (G,, in g’s)

Corresponding Vertical ZPA (G, in g’s)

0.445 0.160
0.424 0.200
0.397 0.250

(continued)
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DESIGN FEATURES

3.4 Site-Specific Parameters and Analyses (continued

(continued)
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3.0

“—  DESIGN FEATURES

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.

ISFSI Pad Design

a.  For free-standing casks, the ISFSI pad shall be verified by analysis to
limit cask deceleration during a design basis drop andfor non-
mechanistic tip-over event 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 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. tn—additier—te—the—requiremenis—of
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Design Features
3.0

(continued)
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r\éR1C FORM 651A U.S. NUCLEAR REGULATORY COMMISSION
-1999
go CFR)72 Certificate No. 1014
CERTIFICATE OF COMPLIANCE
FOR SPENT FUEL STORAGE CASKS
Supplemental Sheet
Page 4 of 4

9. SPECIAL REQUIREMENTS FOR FIRST SYSTEMS IN PLACE

The heat transfer characteristics of the cask system will be recorded by temperature
measurements for the first HI-STORM SFSC Systems (MPC-24, MPC-24E, MPC-24EF, MPC-32,
MPC-68, MPC-68F and MPC-68FF) placed into service with a heat load equal to or greater than
10 kW. An analysis shall be performed that demonstrates the temperature measurements
validate the analytic methods and predicted thermal behavior described in Chapter 4 of the SAR.

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

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

10. AUTHORIZATION

The HI-STORM 100 Cask System, which is authorized by this certificate, is hereby approved for

general use by holders of 10 CFR Part 50 licenses for nuclear reactors at reactor sites under the
general license issued pursuant to 10 CFR 72.210, subject to the conditions specified by 10 CFR
72.212, and the attached Appendix A and Appendix B.

FOR THE U.S. NUCLEAR REGULATORY COMMISSION

E. William Brach, Director

Spent Fuel Project Office

Office of Nuclear Materials Safety
and Safeguards

Attachments:

1.  Appendix A
2. Appendix B
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Multi-Purpose Canister (MPC)
3.1.1

3.1 SFSC INTEGRITY

3.1.1 Multi-Purpose Canister (MPC)

LCO 3.1.1 The MPC shall be dry and helium filled.
APPLICABILITY:  During TRANSPORT OPERATIONS and STORAGE
OPERATIONS.
ACTIONS
NOTE

Separate Condition entry is allowed for each MPC.
_—_—_-F___—_-—_——_—_-—___———_—_———__———_—

CONDITION REQUIRED ACTION COMPLETION

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

the MPC.

>
)

N

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

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

>

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

Certificate of Compliance No. 1014
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ACTIONS
(continued)

Multi-Purpose Canister (MPC)

3.1.1

—__—-—_———————“_-__—“_———-_—_—_——-——

CONDITION REQUIRED ACTION COMPETION
C. MPC helium leak rate C.1 Perform an engineering 24 hours
limit not met. evaluation to determine the
impact of increased helium
leak rate on heat removal
capability and offsite dose.
AN
C.2 Develop and initiate 7 days
corrective actions necessary
to return the MPC to an
analyzed condition.
D. Required Actions and D.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 MPC cavity vacuum drying pressure is Once, prior to
within the limit specified in Table 3-1 for the TRANSPORT
applicable MPC model. OPERATIONS
SR 3.1.1.2 Verify MPC helium backfill pressure is within the | Once, prior to
limit specified in Table 3-1 for the applicable TRANSPORT
MPC model. OPERATIONS
SR 3.1.1.3 Verify that the total helium leak rate through the | Once, prior to
MPC lid confinement weld and the drain and TRANSPORT
vent port confinement welds is within the limit OPERATIONS

specified in Table 3-1 for the applicable MPC
model.

Certificate of Compliance No. 1014
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3.1 SFSC INTEGRITY

SFSC Heat Removal System

3.1.2 SFSC Heat Removal System

3.1.2

LCO 3.1.2 The SFSC Heat Removal System shall be OPERABLE

APPLICABILITY:  During STORAGE OPERATIONS.

ACTIONS

NOTE

Separate Condition entry is allowed for each SFSC.

_———____—_—_——_—_——_——__.—m

CONDITION REQUIRED ACTION COMT'T'“-A%T'ON
A. SFSC Heat Removal A.1 Restore SFSC Heat 8 hours

System inoperable.

Removal System to
OPERABLE status.

B. Required Action A.1 and
associated Completion

B.1 Perform SR 3.2.3.1.

Immediately and
every 12 hours

Time not met. AND thereafter
B.2.1 Restore SFSC Heat 48 hours
Removal System to
OPERABLE status.
OR
B.2.2 Transfer the MPC into a 48 hours
TRANSFER CASK.
Certificate of Compliance No. 1014
Appendix A 3.1.2-1



SFSC Heat Removal System

3.1.2
SURVEILLANCE REQUIREMENTS
SURVEILLANCE FREQUENCY
SR 3.1.2.1 Verify all OVERPACK inlet and outlet air ducts 24 hours
are 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 < 126°F.

Certificate of Compliance No. 1014
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Fuel Cool-Down

3.1.3
3.1 SFSC INTEGRITY
3.1.3 Fuel Cool-Down
LCO 3.1.3 The MPC helium exit temperature shall be < 200° F
NOTE
The LCO is only applicable to wet UNLOADING OPERATIONS.
APPLICABILITY: UNLOADING OPERATIONS prior to re-floodihg.
ACTIONS
NOTE
Separate Condition entry is allowed for each MPC.
CONDITION REQUIRED ACTION COMPLETION
A. MPC helium gas exit A.1 Establish MPC helium gas Prior to initiating
temperature not within exit temperature within limit. | MPC re-flooding
limit. operations
AND
A.2 Ensure adequate heat 22 hours
transfer from the MPC to the
environment
SURVEILLANCE REQUIREMENTS
SURVEILLANCE FREQUENCY
SR 3.1.3.1 Verify MPC helium gas exit temperature within Prior to MPC re-
limit. flooding
operations.

Certificate of Compliance No. 1014
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TRANSFER CASK Average Surface Dose Rates

3.2.1
3.2 SFSC RADIATION PROTECTION
3.2.1 TRANSFER CASK Average Surface Dose Rates
LCO 3.2.1 The average surface dose rates of each TRANSFER CASK shall
not exceed:
a. 125 Ton TRANSFER CASK
i. 220 mrem/hour (neutron + gamma) on the side;
ii. 60 mrem/hour (neutron + gamma) on the top
b. 100 Ton TRANSFER CASK
i. 1500 mrem/hour (neutron + gamma) on the side;
ii. 315 mrem/hour (neutron + gamma) on the top
APPLICABILITY: During TRANSPORT OPERATIONS.
ACTIONS
NOTE
Separate Condition entry is allowed for each TRANSFER CASK.
CONDITION REQUIRED ACTION COMPLETION
A. TRANSFER CASK A.1 Administratively verify 24 hours
average surface dose correct fuel loading.
rate limits not met.
AND
A.2 Perform evaluation to verify | 24 hours
compliance with the ISFSI
offsite radiation protection
requirements of 10 CFR
Part 20 and 10 CFR Part 72.
(continued)

Certificate of Compliance No. 1014
Appendix A 3.2.1-1



OVERPACK Average Surface Dose Rates

3.2 SFSC RADIATION PROTECTION

3.2.3 OVERPACK Average Surface Dose Rates

3.2.3

LCO 3.23 The average surface dose rates of each OVERPACK shall not

exceed:

a. 50 mrem/hour (neutron + gammay) on the side

b. 10 mrem/hour (neutron + gamma) on the top

C. 40 mrem/hour (neutron + gamma) at the inlet and outlet vent

ducts

APPLICABILITY: During STORAGE OPERATIONS.

ACTIONS

NOTE

Separate Condition entry is allowed for each SFSC.

CONDITION REQUIRED ACTION COMPLETION
A. OVERPACK average A.1 Administratively verify 24 hours
surface dose rate limits correct fuel loading.
not met.
ND
A.2 Perform a written evaluation | 48 hours
to verify compliance with the
ISFSI offsite radiation
protection requirements of
10 CFR Part 20 and 10 CFR
Part 72.
B. Required Action and B.1 Remove all fuel assemblies | 30 days

associated Completion
Time not met.

from the SFSC.

Certificate of Compliance No. 1014
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Boron Concentration
3.3.1

3.3 SFSC CRITICALITY CONTROL

3.3.1 Boron Concentration

LCO 3.3.1

APPLICABILITY:

As required by CoC Appendix B, Table 2.1-2, the concentration of boron
in the water in the MPC shall meet the following limits for the applicable
MPC model:

a.

MPC-24 with one or more fuel assemblies having an initial
enrichment greater than the value in Table 2.1-2 for no soluble boron
credit and < 5.0 wt% 2%5U: > 400 ppmb.

MPC-24E with one or more fuel assemblies having an initial
enrichment greater than the value in Table 2.1-2 for no soluble boron
credit and < 5.0 wi% 2°U: > 300 ppmb

MPC-32 with all fuel assemblies having an initial enrichment
<4.1wi% ®U: > 1900 ppmb N

MPC-32 with one or more fuel assemblies having an initial
enrichment > 4.1 and < 5.0 wt% #°U: > 2600 ppmb

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.

Certificate of Compliance No. 1014

Appendix A

3.3.1-1




Boron Concentration

3.3.1
ACTIONS
NOTE
Separate Condition entry is allowed for each MPC.
CONDITION REQUIRED ACTION COMPLETION
A. Boron concentration not A.1 Suspend LOADING Immediately
within limit. OPERATIONS or -
UNLOADING OPERATIONS.
AND
A.2 Suspend positive reactivity Immediately
additions.
AND
A.3 Initiate action to restore boron Immediately
concentration to within limit.
SURVEILLANCE REQUIREMENTS
SURVEILLANCE FREQUENCY
NOTE Within 4 hours of

This surveillance is only required to be performed if the MPC is
submerged in water or if water is to be added to, or recirculated through

the MPC.

SR 3.3.1.1

Verify boron concentration is within the applicable

limit using two independent measurements.

entering the
Applicability of this
LCO.

AND

Every 48 hours
thereafter.

Certificate of Compliance No. 1014
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Table 3-1

MPC Model-Dependent Limits
Table 3-1

MPC Model-Dependent Limits

—

MPC MODEL

LIMITS

1. MPC-24/24E/24EF

a. MPC Cavity Vacuum Drying Pressure
b. MPC Helium Backfill Pressure’
¢. MPC Helium Leak Rate

2. MPC-68/68F/68FF
a. MPC Cavity Vacuum Drying Pressure
b. MPC Helium Backfill Pressure’
¢. MPC Helium Leak Rate
3. MPC-32
a. MPC Cavity Vacuum Drying Pressure

b. MPC Helium Backfill Pressure’
¢. MPC Helium Leak Rate

< 3 torr for > 30 min
> 29.3 psig and < 33.3 psig
< 5.0E-6 atm cc/sec (He)

< 3 torr for > 30 min
> 29.3 psig and < 33.3 psig
< 5.0E-6 atm cc/sec (He)

< 3 torr for > 30 min
> 29.3 psig and < 33.3 psig
< 5.0E-6 atm cc/sec (He)

1

Certificate of Compliance No. 1014
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Programs
5.0

5.0 ADMINISTRATIVE CONTROLS AND PROGRAMS

The following programs shall be established, implemented and maintained.

5.1
5.2
5.3

5.4

Deleted
Deleted

Deleted

Radioactive Effluent Control Program
This program implements the requirements of 10 CFR 72.44(d).

a. The HI-STORM 100 Cask System does not create any radioactive materials
or have any radioactive waste treatment systems. Therefore, specific
operating procedures for the control of radioactive effluents are not required.
Specification 3.1.1, Multi-Purpose Canister (MPC), provides assurance that
there are not radioactive effluents from the SFSC.

b. This program includes an environmental monitoring program. Each general
license user may incorporate SFSC operations into their environmental
monitoring programs for 10 CFR Part 50 operations.

C. An annual report shall be submitted pursuant to 10 CFR 72.44(d)(3).

(continued)
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Programs
5.0

ADMINISTRATIVE CONTROLS AND PROGRAMS

5.5 Cask Transport Evaluation Program

This program provides a means for evaluating various transport configurations and
transport route conditions to ensure that the design basis drop limits are met. For
lifting of the loaded TRANSFER CASK or OVERPACK using devices which are
integral to a structure governed by 10 CFR Part 50 regulations, 10 CFR 50
requirements apply. This program is not applicable when the TRANSFER CASK
or OVERPACK is in the FUEL BUILDING or is being handled by a device providing
support from underneath (i.e., on a rail car, heavy haul trailer, air pads, etc.).

Pursuant to 10 CFR 72.212, this program shall evaluate the site-specific transport
route conditions.

a. For free-standing OVERPACKS and the TRANSFER CASK, the following
requirements apply:

1.

The lift height above the transport route surface(s) shall not exceed
the limits in Table 5-1 except as provided for in Specification 5.5.a.2.
Also, the program shall ensure that the transport route conditions (i.e.,
surface hardness and pad thickness) are equivalent to or less limiting
than either Set A or Set B in HI-STORM TSAR Table 2.2.9.

For site-specific transport route surfaces that are not bounded by
either the Set A or Set B parameters of TSAR Table 2.2.9, the
program may determine lift heights by analysis based on the site-
specific conditions to ensure that the impact loading due to design
basis drop events does not exceed 45 g’s at the top of the MPC fuel
basket. These alternative analyses shall be commensurate with the
drop analyses described in the Topical Safety Analysis Report for the
HI-STORM 100 Cask System. The program shall ensure that these
alternative analyses are documented and controlled.

(continued)
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Programs
5.0

ADMINISTRATIVE CONTROLS AND PROGRAMS

5.5  Cask Transport Evaluation Program (continued)

I
3. The TRANSFER CASK or OVERPACK, when loaded with spent fuel, |
may be lifted to any height necessary during transportation between [

l

|

|

the FUEL BUILDING and the CTF and/or ISFSI pad, provided the
lifting device is designed in accordance with ANSI N14.6 and has
redundant drop protection features.

4. The TRANSFER CASK and MPC, when loaded with spent fuel, may |
be lifted to those heights necessary to perform cask handling
operations, including MPC transfer, provided the lifts are made with
structures and components designed in accordance with the criteria
specified in Section 3.5 of Appendix B to Certificate of Compliance

No. 1014, as applicable.

(continued)
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Programs

5.0
ADMINISTRATIVE CONTROLS AND PROGRAMS
5.5  Cask Transport Evaluation Program (continued)
Table 5-1
TRANSFER CASK and Free-Standing OVERPACK Lifting Requirements
ITEM ORIENTATION LIFTING HEIGHT LIMIT
(in.)
TRANSFER CASK Horizontal 42 (Notes 1 and 2)
TRANSFER CASK Vertical None Established (Note 2)
OVERPACK Horizontal Not Permitted
OVERPACK Vertical 11 (Note 3)

Notes: 1. To be measured from the lowest point on the TRANSFER CASK (i.e., the
bottom edge of the transfer lid)

2. See Technical Specification 5.5.a.3 and 4

3. See Technical Specification 5.5.a.3.

Certificate of Compliance No. 1014
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Definitions
1.0
1.0 Definitions

NOTE
The defined terms of this section appear in capitalized type and are applicable throughout these
Technical Specifications and Bases.

Term Definition
CASK TRANSFER FACILITY The CASK TRANSFER FACILITY includes the following
(CTF) 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 ASSEMBLY 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 which cannot be handled
by normal means due to fuel cladding damage are
considered FUEL DEBRIS.

DAMAGED FUEL CONTAINER DFCs are specially designed enclosures for

(DFC) DAMAGED FUEL ASSEMBLIES or FUEL DEBRIS which
permit gaseous and liquid media to escape while
minimizing dispersal of gross particulates. DFCs
authorized for use in the HI-STORM 100 System are as
follows:

1. Holtec Dresden Unit 1/Humboldt Bay design
2. Transnuclear Dresden Unit 1 design
3. Holtec Generic BWR design
4. Holtec Generic PWR design

FUEL DEBRIS FUEL DEBRIS is ruptured fuel rods, severed rods, loose
fuel pellets or fuel assemblies with known or suspected
defects which cannot be handled by normal means due to

fuel cladding damage.

(continued)
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1.0 Definitions (continued)

Definitions
1.0

INTACT FUEL ASSEMBLY

LOADING OPERATIONS

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.

MPCs are the sealed spent nuclear fuel canisters which
consist of a honeycombed fuel basket contained in a
cylindrical canister shell which is welded to a baseplate, lid
with welded port cover plates, and closure ring. The MPC
provides the confinement boundary for the contained
radioactive materials.

NON-FUEL HARDWARE is defined as Burnable Poison
Rod Assemblies (BPRAs), Thimble Plug Devices
(TPDs), Control Rod Assemblies (CRAs), Axial Power
Shaping Rods (APSRs) and other similarly designed
devices with different names.

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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e 1.0 Definitions (continued)

Definitions
1.0

PLANAR-AVERAGE
INITIAL ENRICHMENT

SPENT FUEL STORAGE
CASKS (SFSCs)

TRANSFER CASK

TRANSPORT OPERATIONS

UNLOADING OPERATIONS

PLANAR-AVERAGE INITIAL ENRICHMENT is
the average of the distributed fuel rod initial enrichments
within a given axial plane of the assembly lattice.

An SFSC is a container approved for the storage of
spent fuel assemblies at the ISFSI. The HI-STORM 100
SFSC System consists of the OVERPACK and its integral
MPC.

TRANSFER CASKs are containers designed to contain
the MPC during and after loading of spent fuel assemblies
and to transfer the MPC to or from the OVERPACK. The
HI-STORM 100 System employs either the 125-Ton or the
100-Ton HI-TRAC TRANSFER CASK.

TRANSPORT OPERATIONS include all licensed activities
performed on an OVERPACK or TRANSFER CASK
loaded with one or more fuel assemblies when it is being
moved to and from the ISFSI. TRANSPORT
OPERATIONS begin when the OVERPACK or
TRANSFER CASK is first suspended from or secured on
the transporter and end when the OVERPACK or
TRANSFER CASK is at its destination and no longer
secured on or suspended from the transporter.
TRANSPORT OP RATIONS includes transfer of the MPC
between the OVERPACK and the TRANSFER CASK.

UNLOADING OPERATIONS include all licensed activities
on an SFSC to be unloaded of the contained fuel
assemblies. UNLOADING OPERATIONS begin when the
OVERPACK or TRANSFER CASK s no longer 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 between the
TRANSFER CASK and the OVERPACK.

Certificate of Compliance No. 1014
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Approved Contents
2.0

2.0 APPROVED CONTENTS

2.1 Fuel Specifications and Loading Conditions

Fuel To Be Stored In The HI-STORM 100 SFSC System

211

a.

INTACT FUEL ASSEMBLIES, DAMAGED FUEL ASSEMBLIES, FUEL
DEBRIS, and NON-FUEL. HARDWARE meeting the limits specified in Table
2.1-1 and other referenced tables may be stored in the HI-STORM 100
SFSC System.

For MPCs partially loaded with stainless steel clad fuel assemblies, all
remaining fuel assemblies in the MPC shall meet the decay heat generation
limit for the stainless steel clad fuel assemblies.

For MPCs partially loaded with DAMAGED FUEL ASSEMBLIES or FUEL
DEBRIS, all remaining Zircaloy 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.

For MPC-68's partially loaded with array/class 6x6A, 6x6B, 6x6C, or 8x8A
fuel assemblies, all remaining Zircaloy clad INTACT FUEL ASSEMBLIES in
the MPC shall meet the decay heat generation limits for the 6x6A, 6x6B,
6x6C, 7x7A and 8x8A fuel assemblies.

All BWR fuel assemblies may be stored with or without Zircaloy channels

with the exception of array/class 10x10D and 10x10E fuel assemblies, which
may be stored with or without Zircaloy or stainless steel channels.

(continued)
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Approved Contents
2.0

2.0 Approved Contents {eentinted)

2.1 Fuel Specifications and Loading Conditions (cont'd)

2.1.2

Uniform Fuel Loading

Preferential fuel loading shall be used during uniform loading (i.e., any authorized
fuel assembly in any fuel storage location) whenever fuel assemblies with
significantly different post-irradiation cooling times (> 1 year) are to be loaded in the
same MPC. Fuel assemblies with the longest post-irradiation cooling times shall be
loaded into fuel storage locations at the periphery of the basket. Fuel assemblies
with shorter post-irradiation cooling times shall be placed toward the center of the
basket. Regionalized fuel loading as described in Technical Specification 2.1.3
below meets the intent of preferential fuel loading.

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 (or other alloy of zirconium) cladding. Figures 2.1-1
through 2.1-4 define the regions for the MPC-24, MPC-24E, MPC-24EF, MPC-32,
MPC-68, and MPC-68FF models, respectively. Fuel assembly burnup, decay heat,
and cooling time limits for regionalized loading are specified in Tables 2.1-6 and
2.1-7. Fuel assemblies used in regionalized loading shall meet all other applicable
limits specified in Tables 2.1-1 through 2.1-3.

2.2 Violations

If any Fuel Specifications or Loading Conditions of 2.1 are violated, the following actions
shall be completed:

2.2.1

222

2.2.3

The affected fuel assemblies shall be placed in a safe condition.
Within 24 hours, notify the NRC Operations Center.

Within 30 days, submit a special report which describes the cause of the violation,
and actions taken to restore compliance and prevent recurrence.

Certificate of Compliance No. 1014
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2.0

Table 2.1-1 (page 1 of 33)
Fuel Assembly Limits

I. MPC MODEL: MPC-24

A. Allowable Contents

1. Uranium oxide, PWR INTACT FUEL ASSEMBLIES listed in Table 2.1-2, with
or without NON-FUEL HARDWARE and meeting the following specifications

(Note 1):

a. Cladding Type:

b. Initial Enrichment:

c. Post-irradiation Cooling Time
and Average Burnup Per
Assembly:

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

ii. All Other Array/Classes

lii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
— Appendix B

Zircaloy (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.

Cooling time and average burnup as
specified in Tables 2.1-4 or 2.1-6.

As specified in Table 2.1-8.
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Table 2.1-1 (page 2 of 33)
Fuel Assembly Limits

I. MPC MODEL: MPC-24 (continued)

A. Allowable Contents (continued)

d. Decay Heat Per Assembly:

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

i All Other Array/Classes As specified in Tables 2.1-5 or 2.1-7

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)

B. Quantity per MPC: Up to 24 fuel assemblies.

8- Deleted.

D. DAMAGED FUEL ASSEMBLIES and FUEL DEBRIS are not authorized for
loading into the MPC-24.

Note 1: Fuel assemblies containing BPRAs or TPDs may be stored in any fuel cell
location. Fuel assemblies containing CRAs or APSRs may only be loaded in
fuel storage locations 9, 10, 15, and/or 16. These requirements are in addition
to any other requirements specified for uniform or regionalized fuel loading.

Certificate of Compliance No. 1014
Appendix B 2-8
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Table 2.1-1 (page 3 of 33)
Fuel Assembly Limits

Il. MPC MODEL: MPC-68

A. Allowable Contents

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

a. Cladding Type:

b. Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

c. Initial Maximum Rod
Enrichment:

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

i. Array/Classes 6x6A, 6x6C,
7X7A, and 8x8A:

ii. Array/Class 8x8F
iii. Array/Classes 10x10D and
10x10E

iv. All Other Array/Classes

Certificate of Compliance No. 1014

Zircaloy (Zr) or Stainless Steel (SS) as
specified in Table 2.1-3 for the applicable
fuel assembly array/class.

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

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

Cooling time > 18 years and an average
burnup < 30,000 MWD/MTU

Cooling time > 10 years and an average
burnup < 27,500 MWD/MTU.

Cooling time > 10 years and an average
burnup < 22,500 MWD/MTU.

As specified in Tables 2.1-4 or 2.1-6.
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2.0
Table 2.1-1 (page 4 of 33)
Fuel Assembly Limits
Il. MPC MODEL: MPC-68 (continued)
A. Allowable Contents (continued)
e. Decay Heat Per Assembly:
i. Array/Classes 6x6A, 6x6C, < 115 Watts
7X7A, and 8x8A
ii. Array/Class 8x8F < 183.5 Watts. |
iii. Array/Classes 10x10D and < 95 Watts
10x10E
iv. All Other Array/Classes As specified in Tables 2.1-5 or 2.1-7.
f.  Fuel Assembly Length: < 176.5 inches (nominal design) l ’J
Fuel Assembly Width: < 5.85 inches (nominal design)
Fuel Assembly Weight: < 700 Ibs, including channels
Certificate of Compliance No. 1014 l J
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Table 2.1-1 (page 5 of 33)
Fuel Assembly Limits

Il. MPC MODEL: MPC-68 (continued)

A. Allowable Contents (continued)

2. Uranium oxide, BWR DAMAGED FUEL ASSEMBLIES, with or without channels,
placed in DAMAGED FUEL CONTAINERS. Uranium oxide BWR DAMAGED FUEL
ASSEMBLIES shall meet the criteria specified in Table 2.1-3 and meet the following

specifications:

a. Cladding Type:

b. Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

i. Array/Classes 6x6A, 6x6C, 7x7A,
and 8x8A

ii. All Other Array/Classes specified
in Table 2.1-3

c. Initial Maximum Rod
Enrichment:

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

i. Array/Classes 6x6A, 6x6C,
7xX7A,and 8x8A

ii. Array/Class 8x8F

iii. Array/Classes 10x10D and
10x10E

iv. All Other Array Classes

Certificate of Compliance No. 1014
Appendix B

Zircaloy (Zr) or Stainless Steel (SS) as
specified in Table 2.1-3 for the applicable
fuel assembly array/class.

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

4.0 wt% %y

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.

Cooling time > 10 years and an average
burnup < 27,500 MWD/MTU.

Cooling time > 10 years and an average
burnup < 22,500 MWD/MTU.

As specified in Tables 2.1-4 or 2.1-6.
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Table 2.1-1 (page 6 of 33)
Fuel Assembly Limits

ll. MPC MODEL: MPC-68 (continued)

A. Allowable Contents (continued)

e. Decay Heat Per Assembly:

i.  Array/Class 6xBA, 6x6C, 7x7A,
and 8x8A

ii. Array/Class 8x8F

ili. Array/Classes 10x10D and
10x10E

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

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

ii.  All Other Array/Classes
g. Fuel Assembly Width:

i.  Array/Class 6x6A, 6x6C, 7x7A,
or 8x8A ‘

ii.  All Other Array/Classes
h. Fuel Assembly Weight:

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

ii.  All Other Array/Classes

Certificate of Compliance No. 1014
Appendix B

< 115 Watts

< 183.5 Watts

< 95 Watts

As specified in Tables 2.1-5 or 2.1-7

< 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 7 of 33)
Fuel Assembly Limits

. MPC MODEL: MPC-68 (continued)
A. Allowable Contents (continued)
3. Mixed oxide (MOX), BWR INTACT FUEL ASSEMBLIES, with or without
channels. MOX BWR INTACT FUEL ASSEMBLIES shall meet the criteria

specified in Table 2.1-3 for fuel assembly array/class 6x6B, and meet the
following specifications:

a. Cladding Type: Zircaloy (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 Cooling Time Cooling time > 18 years and an average

and Average Burnup Per burnup < 30,000 MWD/MTIHM.
Assembly:
e. Decay Heat Per Assembly: < 115 Watts
f. Fuel Assembly Length: < 135.0 inches (nominal design)
g. Fuel Assembly Width: < 4.70 inches (nominal design)
h. Fuel Assembly Weight: <400 Ibs, including channels

Certificate of Compliance No. 1014
Appendix B 2-13
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Table 2.1-1 (page 8 of 33)
Fuel Assembly Limits

Il. MPC MODEL: MPC-68 (continued)
A. Allowable Contents (continued)
4. Mixed oxide (MOX), BWR DAMAGED FUEL ASSEMBLIES, with or without
channels, placed in DAMAGED FUEL CONTAINERS. MOX BWR DAMAGED

FUEL ASSEMBLIES shall meet the criteria specified in Table 2.1-3 for fuel
assembly array/class 6x6B, and meet the following specifications:

a. Cladding Type: Zircaloy (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 2.1-3 for array/class
Enrichment: 6x6B.

d. Post-irradiation Cooling Time Cooling time > 18 years and an average
and Average Burnup Per burnup < 30,000 MWD/MTIHM.
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: < 550 Ibs, including channels and DFC

Certificate of Compliance No. 1014
Appendix B 2-14
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Table 2.1-1 (page 9 of 33)
Fuel Assembly Limits

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

5. Thoria rods (ThO, and UQ,) placed in Dresden Unit 1 Thoria Rod Canisters and
meeting the following specifications:

a. Cladding Type: Zircaloy (Zr)

b. Composition: 98.2 wt.% ThO,, 1.8 wt. % UO, with an
enrichment of 93.5 wt. % 235U.

¢. Number of Rods Per Thoria Rod
Canister: <18

d. Decay Heat Per Thoria Rod
Canister: < 115 Watts

e. Post-irradiation Fuel Cooling Time A fuel post-irradiation cooling time > 18 years
and Average Burnup Per Thoria and an average burnup < 16,000

Rod Canister: MWD/MTIHM.
1. Initial Heavy Metal Weight: < 27 kg/canister
g. Fuel Cladding O.D.: > 0.412 inches
h. Fuel Cladding I.D.: <0.362 inches
i. Fuel Pellet O.D.: < 0.358 inches
j- Active Fuel Length: < 111 inches
k. Canister Weight: < 550 Ibs, including fuel

Certificate of Compliance No. 1014
Appendix B 2-15




Approved Contents
2.0 I ‘

Table 2.1-1 (page 10 of 33)
Fuel Assembly Limits

il. MPC MODEL: MPC-68 (continued)
B. Quantity per MPC:
1. Up to one (1) Dresden Unit 1 Thoria Rod Canister:

2. Up to 68 array/class 6x6A, 6x6B, 6x6C, 7x7A, or 8x8A DAMAGED FUEL
ASSEMBLIES in DAMAGE FUEL CONTAINERS;

3. Upto sixteen (16) other BWR DAMAGED FUEL ASSEMBLIES in DAMAGED FUEL
CONTAINERS in fuel storage locations 1, 2, 3, 8, 9, 16, 25, 34, 35, 44, 53, 60, 61, 66,
67, and/or 68; and/or

4. Any number of BWR INTACT FUEL ASSEMBLIES up to a total of 68.

C. Array/Class 10x10D and 10x10E fuel assembilies in stainless steel channels must be
stored in fuel storage locations 19 - 22, 28 - 31, 38 -41, and/for 47 - 50. } J

D. Dresden Unit 1 fuel assemblies with one Antimony-Beryllium neutron source are
authorized for loading in the MPC-68. The Antimony-Beryllium source material shall be
in a water rod location.

Certificate of Compliance No. 1014 l }
Appendix B 2-16 o
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Table 2.1-1 (page 11 of 33)
Fuel Assembly Limits

. MPC MODEL: MPC-68F
A. Allowable Contents
1. Uranium oxide, BWR INTACT FUEL ASSEMBLIES, with or without Zircaloy
channels. Uranium oxide BWR INTACT FUEL ASSEMBLIES shall meet the

criteria specified in Table 2.1-3 for fuel assembly array class 6x6A, 6x6C, 7x7A
or 8x8A, and meet the following specifications:

a. Cladding Type: Zircaloy (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 Burnup Per burnup < 30,000 MWD/MTU.
Assembly:

e. Decay Heat Per Assembly < 115 Watts

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

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

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

Certificate of Compliance No. 1014
Appendix B 2-17
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Table 2.1-1 (page 12 of 33)
Fuel Assembly Limits

Ill. MPC MODEL: MPC-68F (continued)

A. Allowable Contents (continued)

2.

a.
b.

c.

Q.

b ¢

g.
h

Uranium oxide, BWR DAMAGED FUEL ASSEMBLIES, with or without Zircaloy
channels, placed in DAMAGED FUEL CONTAINERS. Uranium oxide BWR
DAMAGED FUEL ASSEMBLIES shall meet the criteria specifiedin Table 2.1-3
for fuel assembly array/class 6x6A, 6x6C, 7x7A, or 8x8A, and meet the
following specifications:

Cladding Type: Zircaloy (Zr)

Maximum PLANAR-AVERAGE  As specified in Table 2.1-3 for the
INITIAL ENRICHMENT: applicable fuel assembly array/class.
Initial Maximum Rod As specified in Table 2.1-3 for the
Enrichment: applicable fuel assembly array/class.
Post-irradiation Coolirig Time Cooling time > 18 years and an average
and Average Burnup Per burnup < 30,000 MWD/MTU.
Assembly:

Decay Heat Per Assembly: < 115 Watts

Fuel Assembly Length: < 135.0 inches (nominal design)
Fuel Assembly Width: < 4.70 inches (nominal design)

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

Certificate of Compliance No. 1014

Appendix B

2-18



Approved Contents
2.0

Table 2.1-1 (page 13 of 33)
Fuel Assembly Limits

. MPC MODEL: MPC-68F (continued)

A. Allowable Contents (continued)

3. Uranium oxide, BWR FUEL DEBRIS, with or without Zircaloy 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 Burnup Per
Assembly

e. Decay Heat Per Assembly

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

Certificate of Compliance No. 1014
Appendix B

Zircaloy (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
burnup < 30,000 MWD/MTU for the
original fuel assembly.

< 115 Waltts
< 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 33)
Fuel Assembly Limits

ll. MPC MODEL: MPC-68F (continued)
A. Allowable Contents (continued)
4. Mixed oxide (MOX), BWR INTACT FUEL ASSEMBLIES, with or without
Zircaloy channels. MOX BWR INTACT FUEL ASSEMBLIES shall meet the

criteria specified in Table 2.1-3 for fuel assembly array/class 6x6B, and meet
the following specifications:

a. Cladding Type: Zircaloy (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 Cooling Time Cooling time > 18 years and an average

and Average Burnup Per burnup < 30,000 MWD/MTIHM.
Assembly:
e. Decay Heat Per Assembly < 115 Watts
f. Fuel Assembly Length: < 135.0 inches (nominal design)
g. Fuel Assembly Width: <4.70 inches (nominal design)
h. Fuel Assembly Weight: <400 Ibs, including channels

Certificate of Compliance No. 1014
Appendix B 2-20
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Table 2.1-1 (page 15 of 33)
Fuel Assembly Limits

l1l. MPC MODEL: MPC-68F (continued)

A. Allowable Contents (continued)

5.

Mixed oxide (MOX), BWR DAMAGED FUEL ASSEMBLIES, with or without
Zircaloy 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: Zircaloy (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 Cooling Time Cooling time > 18 years and an average
and Average Burnup Per burnup < 30,000 MWD/MTIHM.
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: < 550 Ibs, including channels and DFC

Certificate of Compliance No. 1014

Appendix B
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Table 2.1-1 (page 16 of 33)
Fuel Assembly Limits

ll. MPC MODEL: MPC-68F (continued)
A. Allowable Contents (continued)
6. Mixed Oxide (MOX), BWR FUEL DEBRIS, with or without Zircaloy channels,
placed in DAMAGED FUEL CONTAINERS. The original fuel assemblies for

the MOX BWR FUEL DEBRIS shall meet the criteria specified in Table 2.1-3
for fuel assembly array/class 6x6B, and meet the following specifications:

a. Cladding Type: Zircaloy (Zr)

b. Maximum PLANAR-AVERAGE  As specified in Table 2.1-3 for original

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

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

and Average Burnup Per burnup < 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 (nominal 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
Appendix B 2-22
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(page 17 of 33)

Fuel Assembly Limits

Itl. MPC MODEL: MPC-68F (continued)

A. Allowable Contents (continued)

7. Thoria rods (ThO, and UO,) placed in Dresden Unit 1 Thona Rod Canisters
and meeting the foIIowmg specifications:

a. Cladding Type:

b. Composition:

Zircaloy (Zr)

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

¢. Number of Rods Per Thoria Rod

Canister:

d. Decay Heat Per Thoria Rod
Canister:

e. Post-irradiation Fuel Cooling
Time and Average Burnup Per
Thoria Rod Canister:

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

h. Fuel Cladding I.D.:

i. Fuel Pellet O.D.:

j- Active Fuel Length:
k. Canister Weight:

Certificate of Compliance No. 1014
Appendix B

<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 33)
Fuel Assembly Limits

ll. MPC MODEL: MPC-68F (continued)

B. Quantity per MPC (up to a total of 68 assemblies):
(All fuel assemblies must be array/class 6x6A, 6x6B, 6x6C, 7x7A, or 8x8A):

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

k.

. Uranium oxide BWR INTACT FUEL ASSEMBLIES:

2. MOX BWR INTACT FUEL ASSEMBLIES;

3. Uranium oxide BWR DAMAGED FUEL ASSEMBLIES placed in DFCs;
4. MOX BWR DAMAGED FUEL ASSEMBLIES placed in DFCs; or

5. Up to one (1) Dresden Unit 1 Thoria Rod Canister.

C. Fuel assemblies with stainless steel channels are not authorized for loading in the
MPC-68F.

D. Dresden Unit 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 33)
Fuel Assembly Limits

IV. MPC MODEL: MPC-24E

A. Allowable Contents

1. Uranium oxide, PWR INTACT FUEL ASSEMBLIES listed in Table 2.1-2, with or without
NON-FUEL HARDWARE and meeting the following specifications (Note 1):

a. Cladding Type:

b. Initial Enrichment:

c. Post-irradiation Cooling Time and
Average Burnup Per Assembly:

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

ii. All Other Array/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
Appendix B

Zircaloy (Zr) or Stainless Stee! (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 Tables 2.1-4 or 2.1-6.

As specified in Table 2.1-8.
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Table 2.1-1 (page 20 of 33)
Fuel Assembly Limits

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

A. Allowable Contents (continued)

d. Decay Heat Per Assembly:

i. Array/Classes 14x14D, < 710 Watts.
14x14E, and 15x15G
ii. All other Array/Classes As specified in Tables 2.1-5 or 2.1-7.
e. Fuel Assembly Length: < 176.8 inches (nominal design)
f. Fuel Assembly Width: < 8.54 inches (nominal design)
g. Fuel Assembly Weight: < 1,680 lbs (including NON-FUEL
HARDWARE)

Certificate of Compliance No. 1014 ‘ l
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Table 2.1-1 (page 21 of 33)
Fuel Assembly Limits

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

A. Allowable Contents (continued)

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 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

Zircaloy (Zr) or Stainless Steel (SS) as
specified in Table 2.1-2 for the applicable
fuel assembly array/class

< 4.0 wit% %8,

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

As specified in Tables 2.1-4 or 2.1-6.

As specified in Table 2.1-8.
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Table 2.1-1 (page 22 of 33)
Fuel Assembly Limits

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

A. Allowable Contents (continued)

d. Decay Heat Per Assembly

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

ii. All Other Array/Classes As specified in Tables 2.1-5 or 2.1-7.

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 in DAMAGED
FUEL CONTAINERS, stored in fuel storage locations 3, 6, 19 and/or 22. The
remaining MPC-24E fuel storage locations may be filled with PWR INTACT FUEL
ASSEMBLIES meeting the applicable specifications.

C. FUEL DEBRIS is not authorized for loading in the MPC-24E.

Note 1: Fuel assemblies containing BPRAs or TPDs may be stored in any fuel storage
location. Fuel assemblies containing CRAs or APSRs must 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 33)
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:

b. Initial Enrichment:

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

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

ii. All Other Array/Classes

ii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
Appendix B

Zircaloy (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 > 9 years and an average
burnup < 30,000 MWD/MTU or cooling
time > 20 years and an average burnup <
40,000 MWD/MTU.

As specified in Tables 2.1-4 or 2.1-6.

As specified in Table 2.1-8.
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Table 2.1-1 (page 24 of 33)
Fuel Assembly Limits

V. MPC MODEL: MPC-32 (continued)

A. Allowable Contents (continued)

d. Decay Heat Per Assembly

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

ii. All Other Array/Classes As specified in Tables 2.1-5 or 2.1-7.

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)

B. Quantity per MPC: Up to 32 PWR INTACT FUEL ASSEMBLIES.

C. DAMAGED FUEL ASSEMBLIES and FUEL DEBRIS are not authorized for loading in
the MPC-32.

Note 1: Fuel assemblies containing BPRAs or TPDs may be stored in any fuel storage
location. Fuel assemblies containing CRAs or APSRs must be loaded in fuel
storage locations 13, 14, 19, and/or 20. These requirements are in addition to
any other requirements specified for uniform or regionalized fuel loading.
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Table 2.1-1 (page 25 of 33)
Fuel Assembly Limits

VI. MPC MODEL: MPC-68FF

A. Allowable Contents

1. Uranium oxide or MOX BWR INTACT FUEL ASSEMBLIES listed in Table 2.1-2, with
or without channels and meeting the following specifications:

a. Cladding Type:

Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

Initial Maximum Rod Enrichment

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

i. Array/Classes 6x6A, 6x6C,
7X7A, and 8x8A

ii. Array/Class 8x8F

iii. Array/Classes 10x10D and
10x10E

iv. All Other Array/Classes

Certificate of Compliance No. 1014
Appendix B

Zircaloy (Zr) or Stainless Steel (SS) as
specified in Table 2.1-3 for the applicable
fuel assembly array/class

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

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

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

Cooling time > 10 years and an average
burnup < 27,500 MWD/MTU.

Cooling time > 10 years and an average
burnup < 22,500 MWD/MTU.

As specified in Tables 2.1-4 or 2.1-6.
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Table 2.1-1 (page 26 of 33)
Fuel Assembly Limits

VL. MPC MODEL: MPC-68FF (continued)

A. Allowable Contents (continued)

e. Decay Heat Per Assembly

i. Array/Classes 6x6A, 6x6C,
7X7A, and 8x8A

ii. Array/Class 8x8F

iii. Array/Classes 10x10D and
10x10E

iv. All Other Array/Classes
f. Fuel Assembly Length
g. Fuel Assembly Width
h. Fuel Assembly Weight

Certificate of Compliance No. 1014
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< 115 Waltts

< 183.5 Watts

< 95 Watts

As specified in Tables 2.1-5 or 2.1-7.
< 176.5 inches (nominal design)
< 5.85 inches (nominal design)

< 700 Ibs, including channels
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Table 2.1-1 (page 27 of 33)
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:

Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

Array/Classes 6x6A, 6x6B,
6x6C, 7x7A, and 8x8A.

ii. All Other Array Classes

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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Zircaloy (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.

< 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
burnup < 27,500 MWD/MTU.

Cooling time > 10 years and an average
burnup < 22,500 MWD/MTU.

As specified in Tables 2.1-4 or 2.1-6.
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Table 2.1-1 (page 28 of 33)
Fuel Assembly Limits

2.0 L]

VI. MPC MODEL: MPC-68FF (continued)

A. Allowable Contents (continued)

e. Decay Heat Per Assembly

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

ii.  All Other Array/Classes
g. Fuel Assembly Width

I.  Array/Class 6x6A, 6x6B, 6x6C,
7X7A, or 8x8A

ii. Al Other Array/Classes
h. Fuel Assembly Weight

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

ii.  All Other Array/Classes

Certificate of Compliance No. 1014

< 115 Watts

< 183.5 Watts

< 95 Watts

As specified in Tables 2.1-5 or 2.1-7

< 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 33 of 33)
Fuel Assembly limits

VI. MPC MODEL: MPC-68FF (continued)
B. Quantity per MPC (up to a total of 68 assemblies)

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:

4. MOX BWR INTACT FUEL ASSEMBLIES;

C. Dresden Unit 1 fuel assemblies with one Antimony-Beryllium neutron source are
authorized for loading in the MPC-68FF. The Antimony-Beryllium source material
~shall be in a water rod location.

D. Array/Class 10x10D and 10x10E fuel assemblies in stainless steel channels must

I
I
I
I
I
I
I
|
}
3. Uranium Oxide BWR INTACT FUEL ASSEMBLIES; or |
|
I
|
I
I
I
|
be stored in fuel storage locations 19 - 22, 28 - 31, 38 -41, and/or 47 - 50. |

I

|

Certificate of Compliance No. 1014
Appendix B 2-35



Approved Contents
2.0

Table 2.1-1 (page 30 of 33)
Fuel Assembly Limits

Vil. MPC MODEL: MPC-24EF

A. Allowable Contents

1. Uranium oxide, PWR INTACT FUEL ASSEMBLIES listed in Table 2.1 -2, with or without
NON-FUEL HARDWARE and meeting the following specifications (Note 1):

a. Cladding Type:

b. Initial Enrichment:

¢. 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
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Zircaloy (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 Tables 2.1-4 or 2.1-6.

As specified in Table 2.1-8.
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Table 2.1-1 (page 31 of 33)
Fuel Assembly Limits

2.0

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

A. Allowable Contents (continued)

d. Decay Heat Per Assembly:

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

ii. All other Array/Classes
e. Fuel Assembly Length:
f.  Fuel Assembly Width:
g. Fuel Assembly Weight:

Certificate of Compliance No. 1014
Appendix B

< 710 Watts.

As specified in Tables 2.1-5 or 2.1-7.
< 176.8 inches (nominal design)
< 8.54 inches (nominal design)

< 1,680 Ibs (including NON-FUEL
HARDWARE)
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Table 2.1-1 (page 32 of 33)
Fuel Assembly Limits

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

A. Allowable Contents (continued)

Uranium oxide, PWR DAMAGED FUEL ASSEMBLIES and FUEL DEBRIS,
with or without NON-FUEL HARDWARE, placed in DAMAGED FUEL
CONTAINERS. Uranium oxide PWR DAMAGED FUEL ASSEMBLIES and
FUEL DEBRIS shall meet the criteria specified in Table 2.1-2 and meet the
following specifications (Note 1):

a. Cladding Type:

b. Initial Enrichment:

c. Post-irradiation Cooling Time
and Average Burnup Per
Assembly:

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

ii. All Other Array/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
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Zircaloy (Zr) or Stainless Steel (SS) as
specified in Table 2.1-2 for the applicable
fuel assembly array/class

< 4.0 wi% 23U,

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

As specified in Tables 2.1-4 or 2.1-6.

As specified in Table 2.1-8.
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Table 2.1-1 (page 33 of 33)
Fuel Assembly Limits

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

A. Allowable Contents (continued)

d. Decay Heat Per Assembly

14x14E, and 15x15G

ii. All Other Array/Classes As specified in Tables 2.1-5 or 2.1-7.

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

I
l
l
I
|
i. Array/Classes 14x14D, < 710 Watts. l
|
|
|
I
|
|
l

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-24E fuel storage locations may be filled
with PWR INTACT FUEL ASSEMBLIES meeting the applicable specifications.

Note 1: Fuel assemblies containing BPRAs or TPDs may be stored in any fuel storage
location. Fuel assemblies containing CRAs or APSRs must 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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PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

2.0

Fuel Assembly
Array/Class

14x14A

14x14B

14x14C

14x14D

14x14E |

Clad Material
{Note 2)

Zr

2r

Zr

SS

Ss |

Design Initial U
(kg/assy.) (Note 3)

< 407

<407

<425

<400

<206 |

Initial Enrichment
(MPC-24, 24E and
24EF without
soluble boron
credit)

(Wt % 235U)

{Note 7)

<46 (24)

<5.0
(24E/24EF)

<4.6(24)

<5.0
(24E/24EF)

<4.6(24)

<5.0
(24E/24EF)

<4.0(24)

<5.0
(24E/24EF)

<5.0 (24)

<5.0
(24E/24EF)

Initial Enrichment
(MPC-24, 24E,
24EF, or 32 with
soluble boron
credit - see Notes
5and 7)

(Wt % 235U)

No. of Fuel Rod
Locations

179

179

176

180

173 I

Fuel Rod Clad
0.D. (in.)

>0.400

>0.417

>0.440

>0.422

>0.3415 |

Fuel Rod Clad I.D.
(in.)

<0.3514

< 03734

<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

< 0.556

< 0.580

< 0.556

Note 6 |

Active Fuel Length
(in.)

<150

<150

<150

<144

<102 |

No. of Guide
and/or Instrument
Tubes

17

17

5 (Note 4)

16

Guide/Instrument
Tube
Thickness (in.)

>0.017

>0.017

>0.038

>0.0145

N/A ;

Certificate of Compliance No. 1014
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Table 2.1-2 (page 2 of 4)
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)
Fuel Assembly 15x15A 15x15B 15x15C 15x15D 15x15E 15x15F
Array/Class
Clad Material Zr Zr Zr Zr Zr Zr
(Note 2)
Design Initial U <464 <464 < 464 <475 <475 <475
(kg/assy.)
{Note 3)
Initial Enrichment <4.1(24) <4.1 (24) <4.1 (24) < 4.1 (24) <4.1(24) <4.1(24)
(MPC-24, 24E and
24EF without <45 <45 <45 <45 <45 <45
soluble boron (24E/24EF) | (24E/24EF) | (24E/24EF) | (24E/24EF) | (24E/24EF) (24E/24EF)
credit)
(Wt % 2*°U)
(Note 7)
Initial Enrichment <5.0 <5.0 <5.0 <5.0 <5.0 <50
(MPC-24, 24E,
24EF, or 32 with
soluble boron credit
- see Notes 5 and 7)
(wt % 23°U)
No. of Fuel Rod 204 204 204 208 208 208
Locations
Fuel Rod Clad O.D. >0.418 >0.420 >0.417 >0.430 >0.428 >0.428
(in.)
Fuel Rod Clad I.D. < 0.3660 < 0.3736 < 0.3640 < 0.3800 < 0.3790 <0.3820
(in.)
Fuel Pellet Dia. (in.) ’ < 0.3580 < 0.3671 < 0.3570 < 0.3735 <0.3707 <0.3742
Fuel Rod Pitch (in.) <0.550 <0.563 < 0.563 <0.568 <0.568 <0.568
Active Fuel Length <150 <150 <150 <150 <150 <150
(in.)
No. of Guide andfor 21 21 21 17 17 17
Instrument Tubes
Guide/Instrument >0.0165 >0.015 >0.0165 > 0.0150 >0.0140 >0.0140
Tube Thickness
(in.)
Certificate of Compliance No. 1014
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Table 2.1-2 (page 3 of 4)
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Approved Contents

2.01. J

Fuel Assembly
Array/ Class

15x15G

15x15H

16x16A

17x17A

17x17B

17x17C I

Clad Material
(Note 2)

SS

Zr

Zr

Zr

Zr

Zr |

Design Initial U
(kgfassy.)
(Note 3)

<420

<475

<443

<467

< 467

<474 |

Initial Enrichment
(MPC-24 24E, and
24EF without
soluble boron
credit)

(wt % 250)

(Note 7)

<4.0(24)

<45
(24E/24EF)

<3.8(24)

<4.2
(24E/24EF)

<4.6 (24)

<5.0
(24E/24EF)

<4.0 (24)

<44
(24E/24EF)

<4.0 (24)

<44
(24E/24EF)

<4.0 (24)

<44
(24E/24EF)

Initial Enrichment
(MPC-24, 24E,
24EF, or 32 with
soluble boron
credit - see Notes
5and7)

(Wt % 235U)

No. of Fuel Rod
Locations

204

208

236

264

264

264

Fuel Rod Clad
0O.D. (in.)

> 0.422

>0.414

>0.382

> 0.360

>0.372

>0.377 l

Fuel Rod Clad 1.D.
(in.)

<0.3890

< 0.3700

<0.3320

<0.3150

<0.3310

<0.3330 |

Fuel Pellet Dia.
(in.)

<0.3825

< 0.3622

< 0.3255

<0.3088

<0.3232

<0.3252 |

Fuel Rod Pitch (in.)

<0.563

<0.568

< 0.506

<0.496

<0.496

<0.502 |

Active Fuel Length
(in.)

<144

<150

<150

<150

<150

<150 |

No. of Guide
and/or Instrument
Tubes

21

17

5 (Note 4)

25

25

25 l

Guide/Instrument
Tube
Thickness (in.)

>0.0145

>0.0140

> 0.0400

>0.016

>0.014

>0.020 |
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Appendix B

2-42



Approved Contents
2.0

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.

. Zr designates cladding material made of zirconium or zirconium alloys.

. 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 array/class includes only the Indian Point Unit 1 fuel assembly. This fuel
assembly has two pitches in different sectors of the assembly.

. 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 is limited to the maximum initial enrichment of the DAMAGED FUEL
ASSEMBLIES and FUEL DEBRIS (i.e., 4.0 wt.% 2°°U).

Certificate of Compliance No. 1014
Appendix B 2-43



Approved Contents
2.0 l ]

Table 2.1-3 (page 1 of 5)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly 6x6A 6x6B 6x6C 7X7A 7x7B 8xBA
Array/Class

Clad Material Zr Zr Zr Zr Zr Zr
(Note 2)

Design Initial U 110 110 110 <100 <195 <120
(kg/assy.) (Note 3)

Maximum PLANAR- <27 < 2.7 for the <27 <27 <4.2 <27
AVERAGE INITIAL UO, rods.

ENRICHMENT See Note 4

(wt.% 250)) for MOX

{Note 14) rods

Initial Maximum Rod <4.0 <4.0 <4.0 <55 <5.0 <4.0
Enrichment

(wt.% 35U)

No. of Fue! Rod 35 or 36 35 or 36 (up 36 49 49 63 or 64
Locations to 9 MOX

rods)

Fuel Rod Clad O.D. > 0.5550 > 0.5625 > 0.5630 > 0.4860 > 0.5630 >0.4120
(in.)

Fuel Rod Clad 1.D. < 0.5105 <0.4945 <0.4990 <0.4204 <0.4990 <0.3620
(in.)

Fuel Pellet Dia. (in.) < 0.4980 <0.4820 < 0.4880 <0.4110 < 0.4910 < 0.3580
Fuel Rod Pitch (in.) <0.710 <0710 <0.740 <0.631 <0.738 <0.523
Active Fuel Length <120 <120 <775 <80 <150 <120
(in.)

No. of Water Rods for0 lorQ o 0 0 1or0
(Note 11)

Water Rod >0 >0 N/A N/A N/A >0
Thickness (in.)

Channel Thickness <0.060 < 0.060 < 0.060 <0.060 <0.120 <0.100
(in.)

Certificate of Compliance No. 1014
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BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

2.0

Fuel Assembly 8x8B 8x8C 8x8D 8x8E 8x8F 9x9A
Array/Class

Clad Material Zr Zr Zr Zr Zr Zr
(Note 2)

Design Initial U <191 <191 <191 <191 <191 <179
(kg/assy.) (Note 3)

Maximum PLANAR- <42 <4.2 <4.2 <4.2 <4.0 <4.2
AVERAGE INITIAL

ENRICHMENT

(wt.% =50)

(Note 14)

Initial Maximum Rod <5.0 <5.0 <5.0 <5.0 <5.0 <5.0
Enrichment

{(wt.% 25U)

No. of Fuel Rod 63 or 64 62 60 or 61 59 64 74/66
Locations (Note 5)
Fuel Rod Clad O.D. > 0.4840 > 0.4830 >0.4830 > 0.4930 > 0.4576 > 0.4400
(in.)

Fuel Rod Clad 1.D. < 0.4295 < 0.4250 <0.4230 < 0.4250 < 0.3996 <0.3840
(in.)

Fuel Pellet Dia. (in.) < 0.4195 ‘ <0.4160 <0.4140 <0.4160 <0.3913 < 0.3760
Fuel Rod Pitch (in.) <0.642 <0.641 <0.640 <0.640 <0.609 <0.566
Design Active Fuel < 150 <150 <150 < 150 <150 < 150
Length (in.)

No. of Water Rods 1or0 2 1-4 5 N/A 2
(Note 11) (Note 7) (Note 12)

Water Rod Thickness >0.034 > 0.00 > 0.00 >0.034 > 0.0315 > 0.00
(in.)

Channel Thickness (in.) <0.120 <0.120 <0.120 <0.100 <0.055 <0.120

Certificate of Compliance No. 1014
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Table 2.1-3 (page 3 of 5)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)
Fuel Assembly 9x9B 9x9C 9x9D 9x9E 9x9F 9x9G
Array/Class (Note 13) (Note 13)
Clad Material (Note Zr Zr Zr Zr Zr Zr |
2)
Design Initial U <179 <179 <179 <179 <179 <179 |
(kg/assy.) (Note 3)
Maximum PLANAR- <4.2 <4.2 <4.2 <4.0 <4.0 <4.2
AVERAGE INITIAL
ENRICHMENT
(wt.% 250)
(Note 14)
Initial Maximum Rod <50 <5.0 <5.0 <5.0 <5.0 <5.0 |
Enrichment
(wt.% 25U) ‘
No. of Fuel Rod 72 80 79 76 76 ! 72 [ J
Locations -
Fuel Rod Clad O.D. > 0.4330 > 0.4230 > 0.4240 >0.4170 > 0.4430 > 0.4240 |
(in.)
Fuel Rod Clad I.D. <0.3810 < 0.3640 < 0.3640 < 0.3640 <0.3860 < 0.3640 |
(in.)
Fuel Pellet Dia. (in.) < 0.3740 < 0.3565 < 0.3565 <0.3530 <0.3745 <0.3565 |
Fuel Rod Pitch (in.) <0572 <0572 <0572 <0572 <0572 <0572 |
Design Active Fuel <150 <150 <150 <150 <150 <150 |
Length (in.)
No. of Water Rods 1 (Note 6) 1 2 5 5 1
(Note 11) {Note 6)
Water Rod Thickness > 0.00 > 0.020 > 0.0300 >0.0120 >0.0120 >0.0320 |
(in.)
Channel Thickness (in.) <0.120 <0.100 <0.100 <0.120 <0.120 <0120 |
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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 (Note 2) Zr Zr Zr SS SS
Design Initial U (kg/assy.) (Note 3) <188 <188 <188 <125 <125
Maximum PLANAR-AVERAGE INITIAL <4.2 <42 <42 <4.0 <4.0
ENRICHMENT
(wt.% °U)
(Note 14)
Initial Maximum Rod Enrichment <5.0 <5.0 <5.0 <5.0 <5.0
(wt.% V)
No. of Fuel Rod Locations 92/78 91/83 96 100 96
(Note 8) (Note 9)
Fuel Rod Clad O.D. (in.) > 0.4040 > 0.3957 > 0.3780 > 0.3960 > 0.3940
Fuel Rod Clad 1.D. (in.) < 0.3520 < 0.3480 < 0.3294 < 0.3560 < 0.3500
Fuel Peliet Dia. (in.) < 0.3455 < 0.3420 < 0.3224 < 0.3500 < 0.3430
Fuel Rod Pitch (in.) <0510 <0510 <0.488 < 0.565 < 0.657
Design Active Fuel Length (in.) < 1580 <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.

Zr designates cladding material made of zirconium or zirconium alloys.

Design initial uranium weight is the nominal uranium weight specified for each assembly by the fuel
manufacturer or reactor user. For each BWR fuel assembly, the total uranium weight limit specified
in this table may be increased up to 1.5 percent for comparison with users’ fuel records to account
for manufacturer tolerances.

< 0.635 wt. % ***U and < 1.578 wt. % total fissile plutonium (*Pu and 2*'Pu), (wt. % of total fuel
weight, i.e., UO, plus PuQ,).

This assembly class contains 74 total rods; 66 full length rods and 8 partial length rods.
Square, replacing nine fuel rods.

Variable.

This assembly contains 92 total fuel rods; 78 full length rods and 14 partial length 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 ends and contain Zr material in lieu of water.

This assembly is known as “QUAD+.” It has four rectanguiar water cross segments 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 I.D., and pellet diameter.

For those MPCs loaded with both INTACT FUEL ASSEMBLIES and DAMAGED FUEL
ASSEMBLIES or FUEL DEBRI , the maximum PLANAR AVERAGE INITIAL ENRICHMENT for the
INTACT FUEL ASSEMBLIES s limited to 3.7 wt.% #*°U, as applicable.
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Table 2.1-4
FUEL ASSEMBLY COOLING AND MAXIMUM AVERAGE BURNUP
(UNIFORM FUEL LOADING)
Post- MPC-24 MPC-24E/24EF MPC-24E/24EF MPC-32 MPC-68/68FF MPC-68/68FF
irradiation PWR PWR Assembly PWR Assembly PWR BWR Assembly BWR Assembly
Cooling Assembly Burnup Burnup Assembly Burnup Burnup
Time Burnup (INTACT FUEL (DAMAGED FUEL Burnup (INTACT FUEL (DAMAGED FUEL
(years) (INTACT FUEL ASSEMBLIES) ASSEMBLIES AND  (INTACT FUEL ASSEMBLIES) ASSEMBLIES AND
ASSEMBLIES) {(MWD/MTU) FUEL DEBRIS) ASSEMBLIES (MWD/MTU) FUEL DEBRIS)
(MWD/MTU) (MWD/MTU) (MWD/MTU) (MWD/MTU)
>5 40,600 41,100 39,200 32,200 38,300 33,400
>6 45,000 45,000 43,700 36,500 41,600 36,600
>7 45,900 46,300 45,200 37,500 42,300 37,000
=8 48,300 48,900 47,300 39,800 44,800 39,100
29 50,300 50,700 49,000 41,500 46,600 40,700
>10 51,600 52,100 50,100 42,900 48,000 41,900
>11 53,100 53,700 51,500 44,100 49,600 43,000
>12 54,500 565,100 52,600 45,000 50,800 44,100
>13 55,600 56,100 53,800 45,700 51,800 45,000
>14 56,500 57,100 54,900 46,500 52,700 45,800
> 15 57,400 58,000 65,800 47,200 53,900 46,500
Note: 1. Linear interpolation between points is permitted.
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Table 2.1-5
FUEL ASSEMBLY COOLING AND MAXIMUM DECAY HEAT
(UNIFORM FUEL LOADING)
“—a———___i
Post- MPC-24 MPC-24E/24EF MPC-24E/24EF MPC-32 MPC-68/68FF MPC-68/68FF
irradiation PWR Assembly PWR Assembly PWR Assembly PWR Assembly BWR Assembly BWR Assembly
Cooling Decay Heat Decay Heat Decay Heat Decay Heat Decay Heat Decay Heat
Time (INTACT FUEL (INTACT FUEL (DAMAGED FUEL (INTACT FUEL (INTACT FUEL (DAMAGED FUEL
(years) ASSEMBLIES) ASSEMBLIES) ASSEMBLIES AND ASSEMBLIES ASSEMBLIES) ASSEMBLIES AND
(Watts) (Watts) FUEL DEBRIS) (Watts) (Watts) FUEL DEBRIS)
(Watts) (Watts)
>5 1157 1173 1115 898 414 356 I
>6 1123 1138 1081 873 394 337 l
>7 1030 1043 1009 805 363 308 I
>8 1020 1033 993 800 360 305 |
>9 1010 1023 977 794 358 303 |
210 1000 1012 962 789 355 300 |
> 11 996 1008 958 785 353 | 299 |
>12 992 1004 954 782 352 > 297 t, J,
213 987 999 949 773 350 296 ]
>14 983 995 945 769 348 294 |
> 15 979 991 941 766 347 293 |
Notes: 1. Linear interpolation between points is permitted.

2. Includes all sources of heat (i.e., fuel and NON-FUEL HARDWARE).
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Table 2.1-6 (page 1 of 2)
FUEL ASSEMBLY COOLING AND MAXIMUM AVERAGE BURNUP
(REGIONALIZED FUEL LOADING)
Post-irradiation MPC-24 ] MPC-24 MPC-24E/;4EF MPC-24E/24EF I
Cooling Time PWR Assembly PWR Assembly PWR Assembly PWR Assembly
(years) Burnup Burnup Burnup Burnup
for Region 1 for Region 2 for Region 1 for Region 2
(MWD/MTU) (MWD/MTU) (MWD/MTU) (MWD/MTU)

>5 49,800 32,200 51,600 32,200 |
>6 56,100 37,400 58,400 37,400 |
>7 56,400 41,100 58,500 41,100 |
>8 58,800 43,800 60,900 43,800 |
>9 60,400 45,800 62,300 45,800 |
>10 61,200 47,500 63,300 47,500 |
> 11 62,400 49,000 64,900 49,000 [
>12 63,700 50,400 65,900 50,400 |
>13 64,800 51,500 66,800 51,500 |
> 14 65,500 52,500 67,500 52,500 |
215 66,200 53,700 68,200 53,700 |
> 16 - 55,000 - 55,000 |
>17 - 55,900 - 55,900 |
>18 - 56,800 - 56,800 |
>19 - 57,800 - 57,800 |
>20 - 58,800 - 58,800 |

Note: 1. Linear interpolation between points is permitted.

2. Theselimits applyto INTACT FUEL ASSEMBLIES, DAMAGED FUEL ASSEMBLIES, and FUEL DEBRIS. |

—_—_—————— e ——

Certificate of Compliance No. 1014
Appendix B 2-51



Approved Contents

2.0 lj

Table 2.1-6 (page 2 of 2)

FUEL ASSEMBLY COOLING AND MAXIMUM AVERAGE BURNUP
(REGIONALIZED FUEL LOADING)

Post-irradiation MPC-32 MPC-32 MIE-68/68FF MPC-68/68FF
Cooling Time PWR Assembly PWR Assembly BWR Assembly BWR Assembly
(years) Burnup Burnup Burnup Burnup
for Region 1 for Region 2 for Region 1 for Region 2
(MWD/MTU) (MWD/MTU) (MWD/MTU) (MWD/MTU)
>5 39,800 22,100 45,100 26,200 |
>6 43,400 | 26,200 47,400 30,500 |
>7 44,500 29,100 47,400 33,600 |
>8 46,700 31,200 50,400 35,900 |
>9 48,400 32,700 52,100 37,600 |
>10 49,600 34,100 53,900 ~ 39,000 [ [
> 11 50,900 35,200 55,500 40,200 |
>12 51,900 36,200 56,500 41,200 |
>13 52,900 37,000 57,500 42,300 |
>14 53,800 37,800 58,800 43,300 |
>15 54,700 38,600 59,900 44,200 |
>16 - 39,400 - 45,000 |
>17 - 40,200 - 45,900 |
>18 - 40,800 - 46,700 |
>19 - 41,500 - 47,500 ]
> 20 - 42,200 - 48,500 |

Note 1. Linear interpolation between points is permitted.

2. Theselimits applyto INTACT FUEL ASSEMBLIES, DAMAGED FUEL ASSEMBLIES, and FUEL DEBRIS. |

|
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Table 2.1-7 (page 1 of 2)

FUEL ASSEMBLY COOLING AND MAXIMUM DECAY HEAT
(REGIONALIZED FUEL LOADING)

Post-irradiation MPC-24 MPC-24 MPC-24E/24EF MPC-24E/24EF

Cooling Time PWR Assembly PWR Assembly PWR Assembly PWR Assembly
(years) Decay Heat Decay Heat Decay Heat Decay Heat
for Region 1 for Region 2 for Region 1 for Region 2
(Watts) (Watts) (Watts) (Watts)
>5 1470 900 1540 900
>6 1470 900 1540 900
>7 1335 800 1395 900
>8 1,301 900 1360 900
>9 1268 900 1325 900
> 10 1235 900 1290 900
21 1221 900 1275 900
212 1207 900 1260 800
213 1193 800 - 1245 900
214 1179 900 1230 800
215 1165 900 1215 900
216 - 900 - 900
217 - 900 - 900
218 - 900 - 900
218 - 900 - 900
220 - 900 - 900

Notes: 1. Linear interpolation between points is permitted.
2. Includes all sources of decay heat (i.e., fuel and NON-FUEL HARDWARE).

3. Theselimits applyto INTACT FUEL ASSEMBLIES, DAMAGED FUEL ASSEMBLIES, and FUEL DEBRIS.
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Table 2.1-7 (page 2 of 2)
FUEL ASSEMBLY COOLING AND MAXIMUM DECAY HEAT
(REGIONALIZED FUEL LOADING)
Post-irradiation MPC32  mMPCa2 MPC-68/68FF MPC-68/68FF ’
Cooling Time PWR Assembly PWR Assembly BWR Assembly BWR Assembly
(vears) Decay Heat Decay Heat Decay Heat Decay Heat
for Region 1 for Region 2 for Region 1 for Region 2
(Watts) (Watts) (Watts) (Watts)

>5 1131 600 500 275 |

6 1072 600 468 275 |
>7 993 600 418 275 |
>8 978 600 414 275 |
>9 964 600 410 275 |
>10 950 600 405 275 |

> 11 943 600 403 275; { J

>12 937 600 400 . 275 T
>13 931 600 397 275 |
> 14 924 600 304 275 |
>15 918 600 391 275 |
>16 - 600 - 275 |
>17 - ‘ 600 - 275 [
>18 - 600 - 275 |
>19 - 600 - 275 |
>20 - 600 - 275 |

Notes: 1. Linear interpolation between points is permitted.
2. Includes all sources of decay heat (i.e., fuel and NON-FUEL HARDWARE).

3. Theselimitsapplyto INTACT FUELASSEMBLIES, DAMAGED FUEL ASSEMBLIES, and FUEL DEBRIS.
—_—_—-

a
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Table 2.1-8
NON-FUEL HARDWARE COOLING AND AVERAGE BURNUP

Post-irradiation BPRA TPD CRA APSR

Cooling Time BURNUP BURNUP BURNUP BURNUP
(vears) (MWD/MTU) (MWD/MTU) (MWD/MTU) (MWD/MTU)
>3 <20,000 NA (Note 3) NA NA
>4 < 25000 <20,000 NA NA
>5 <30,000 < 25,000 < 630,000 < 45,000
>6 < 40,000 < 30,000 - < 54,500
>7 < 45,000 < 40,000 - < 68,000
>8 <50,000  <45,000 - < 83,000
>9 < 60,000 <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. Linear interpolation between points is permitted, except that TPD and APSR burnups > 180,000
MWD/MTU and < 630,000 MWD/MTU must be cooled > 14 years and > 11 years, respectively.

2. Applicable to uniform loading and regionalized loading.

3. NA means not authorized for loading.
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Design Features
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3.0 DESIGN FEATURES

3.1 Site

3.1.1

Site Location

The HI-STORM 100 Cask System is authorized for general use by 10
CFR Part 50 license holders at various site locations under the
provisions of 10 CFR 72, Subpart K.

3.2 Design Features Important for Criticality Control

3.2.1

3.2.2

3.2.3

3.2.4

3.25

MPC-24

1. Flux trap size: > 1.09 in.

2. '9B loading in the Boral neutron absorbers: > 0.0267 g/cm?
MPC-68 and MPC-68FF

1. Fuel cell pitch: > 6.43 in.

2. 9B loading in the Boral neutron absorbers: > 0.0372 g/cm?
MPC-68F

1. Fuel cell pitch: > 6.43 in.

2. ""Bloading in the Boral neutron absorbers: > 0.01 g/cm?

MPC-24F and MPC-24EF

1. Flux trap size:
i. Cells 3,6, 19, and 22: > 0.776 inch
ii. All Other Cells: > 1.076 inches
2. '°Bloading in the Boral neutron absorbers: > 0.0372 g/cm?
MPC-32
1. Fuel cell pitch: > 9.158 inches

2. '°Bloading in the Boral neutron absorbers: > 0.0372 g/cm?
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DESIGN FEATURES

Design Features
3.0

Table 3-1 {page 1 of 5)

LIST OF ASME CODE EXCEPTIONS FOR HI-STORM 100 CASK SYSTEM

Component Reference ASME Code Requirement Exception, Justification &
Code Compensatory Measures
Section/Article

MPC NB-1100 Statement of MPC enclosure vessel is
requirements for Code designed and will be fabricated
stamping of components. | in accordance with ASME

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

MPC NB-2000 Requires materials to be Materials will be supplied by
supplied by ASME- Holtec-approved suppliers with
approved material Certified Material Test Reports
supplier. (CMTRs) in accordance with

NB-2000 requirements.

MPC Lid and NB-4243 Full penetration welds MPC lid and closure ring are

Closure Ring required for Category C not full penetration welbs.

Welds Joints (flat head to main They are welded independently
shell per NB-3352.3). to provide a redundant seal.

Additionally, a weld efficiency
factor of 0.45 has been applied
to the analyses of these welds.

MPC Lid to NB-5230 Radiographic (RT) or Only UT or multi-layer liquid

Shell Weld ultrasonic (UT) penetrant (PT) examination is
examination required permitted. If PT alone is used,

at a minimum, it will include the
root and final weld layers and
each approximately 3/8 inch of
weld depth.

MPC Closure NB-5230 Radiographic (RT) or Root (if more than one weld

Ring, Vent and ultrasonic (UT) pass is required) and final

Drain Cover examination required liquid penetrant examination to

Plate Welds be performed in accordance

with NB-5245. The MPC vent
and drain cover plate welds are
leak tested. The closure ring
provides independent
redundant closure for vent and
drain cover plates.

(continued)
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Design Features
3.0

™ DESIGN FEATURES (continued)

3.4 Site-Specific Parameters and Analyses

Site-specific parameters and analyses that will require verification by the system user

are, as a minimum, as follows:

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

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

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

Gy+uGy<u

where u is the Coulomb friction coefficient for the HI-STORM
100/ISFSI pad interface. Unless demonstrated by appropriate testing
that a higher value of i1 is appropriate for a specific ISFSI, the value of
M used shall be 0.53.
combinations for i1 = 0.53 are provided in Table 3-2.

Representative values of G, and G,

Table 3-2

Representative DBE Acceleration Values to Prevent HI-STORM 100 Sliding (1 = 0.53)

Equivalent Vectorial Sum of Two
Horizontal ZPA'’s (G,, in g's)

Corresponding Vertical ZPA (G, in g’s)

0.445 0.160
0.424 0.200
0.397 0.250

(continued)
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3.4 Site-Specific Parameters and Analyses (continued

(continued)
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Design Features
3.0

DESIGN FEATURES

3.4 Site-Specific Parametérs 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.

ISFSI Pad Design

a.  For free-standing casks, the ISFSI pad shall be verified by analysis to
limit cask deceleration during a design basis drop and/or non-
mechanistic tip-over event 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 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.

(continued)
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Design Features
3.0

DESIGN FEATURES

3.4 Site-Specific Parameters and Analyses (continued)

7.

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

LOADING OPERATIONS, TRANSPORT OPERATIONS, and UNLOADING
OPERATIONS shall only be conducted with working area ambient
temperatures > 0° F.

(continued)
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INSERT TO ATTACHMENT 4, NON-PROPRIETARY VERSION OF LAR 1014-1, REVISION1

The following Holtec International drawingsand Bills-of-Material submitted with License
Amendment Request 1014-1 are Holtec proprietary information:

Drawings 2889 through 2899, all Revision 0
Drawings 3067 through 3073, all Revision 0
Drawing 3187, Revision 1

BM-3065 and 3066, both Revision 0
BM-3189, Revision2
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BILL OF YATERIALS FOR 32-ASSEMBLY HI-STAR 100 PER MPC.(BM-1477)

REF. DYG. 1392 & 1393. SHEET 2 OF 2
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BILL OF YATERIALS FOR 24-ASSEMBLY HI-STAR 100 PYR UPC.(BH-1478)
REF. DFG. 1395 & 1396.

SHEET 1 OF 2

R0 PREP. BY CRECKED BY PROJ. YANAGER Q4. MANAGER
T k DATE L k0 s k DATE ﬁ( & DATE
0 | = L [P
RIS 45 NOICATED W\ 1}% t/22lay
,
[TEN %0. | QTY. . JATERIAL DESCRIPTION NOMENCLATURE
iA 2 LT SEENTEE L | PUE I THCX L. REF 4. 8 B /2" LG BASKET (ELL PLATE
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0 Lo PLATE /16" THK X 20.400 * %6 4. X 15 1216, BASKET (ELL PLATE
IE P PLATE /15" THC X 1115 F € % 135 12716, BASKET (ELL FLATE
i P PLATE /15° T (10,465 " 96 4. ¢ 5 2L [ BASKET CELL PLATE
i PLATE T8 THCCLIUS T BEE W £ T G BASKET (AL ALATE
i 2 PLATE /16" TH X 3.03 " 38F £ (15 26, SASKET CELL PLATE
2 R v PIPE 3504 90 LGTH 1§ 3. LPPER CLEL SPACER PIE
TEs JRAL OB A 7545 L4 (S 05 EL A 1S, TEE MOIE 2. NEUTRON ABSCRERR
OB | BAIZ AL X SENDE | | 06 T NG FRTET 6. E SHEATHING
A Lo PLATE /16 TH £ T 4. € 178 V215 BSKET CELL PLATE
3 s PLATE /16 THC X 3 VA" SPRRIX. 4. (175 /2UG BASKET CELL AT
5 - PNE 1 P T €TINS, | BAKET SUFPRT
5 : 212" VX188 56 BASKET SUPPRT
: . 2 “VIOE X 871G, THICKIESS 5 6. ASKET SLPPIRT
¥ CELETED
% o Lt ¥ E X 18 LS. GASKET SUPPTRT HIN
i | @b
5 12 X6 VB 0.5, 6T VR D DLINR. L
7 | BASEPLATE 2 12" THC X 38 38" 0.0, BASEPLATE
B 2 WD, ANGE ¢ 17 /20 LG, FRON BLATE PR OET. NG 1. BASKET (ELL ANLE
8 ! /32 THC. CHRNEL X 175 572" LG, 70 PLATE PER SE1.0NG. 13 BASKET CELL CHAEL
% ‘ S/AE THX I Y. PP X 58" 15, P68 CET. BASKET SUPPERT
B : SAGTH. K7 172" 9P 4. % 168" 0. PR OET. BASKET SUPPLRT
g ‘ SABTTHC X & 4P, €. X 159° LG FRET. | BASKET suerRT
g |8 1 FEQIRED | SAKET SLPPERT
& - HED
¥ - HEH
% - LT P
™ CELETED |-
10 . ANE 14 . L3 /2 LS G | UFiUG

V
!
[
!
i
i
i
|
i
i
i
i

* JRAYENGENS)IANTOU4 PO M4 TS- 1 R10

i
—



P b P

BILL OF YATERTALS FOR 24-ASSEMBLY HI-STAR 100 PYR YPC.(BY-1478)

EID #3098
REF. DVG. 1395 & 1396. SHEET 2 OF 2
REV. 10 PREP. BY CHECKED BY PROJ. NANAGER GA. MANAGER
. J!i DATE ¥ &A,TE = ANWE 7 N\ k DATE
13 ‘&'EH +8 3 (. ¢ /l “’/00 ﬁ""‘ ;bt/y%‘ eﬁl‘\\&
€1 123 of / lf/oa Y
ITEM NO.| QTY.| MATERIAL DESCRIPTION NOMENCLATURE
1l 4 |ALLDY "X" SEE NDTE 1, AATE 34* THC. X 4 VIE £ 3 L. LIFT LU BASEPLATE
12 I I ALY *x* SEE NOTE 1. R 175 W XS B 6. TRAIN SHIELD ALK
A 2w BAR 2 11/16° 00 X 6.75° LG, DIMENSIDNS AS SHOM O WG 1355 44 | VENT AND CRAIN TUEE
B 2 (Mw AR 2 174 00X 2 174 LG, DIMENSTING AS SHMK [N NG 1336 S 4 VENT 4N0 DRAIN TUBE (AP
! || ALY "X SEE NOTE 1. 9 172" TK. X 67 124 0.0 ¥ LI
IS | v RN V8* X S3 14 10. X 67 54" 0D, HPC CLISURE RING
B |1 3 2-172" STH. 10 PIFE, 158" LG ¥ITH ANEL (RAIN GUIDE TLEE
mo — HEE —_
19 ISRED | LD x SEENTE L | AS LR BASKET SUPPIRT
19 & LU0 X EENTEL | PLATE /B' T, {3 7/8'0. PIRT CIVER PLATE
2 A A-153-08 (R SIMILAR VA1 X | 174°LG. HEX BOLT YITH RLL THD. LPPER FLEL SPACRR BOLT
2 AS RED) | ALY *¥* SEE MOTE . V4 X2 X THIDKESS AS RELIRED LIFT LG SHIM
2 - — (LETED
3 4 | 1888 [R SINILR | 4" X 2 VA°L6 SIOET ST SCReN LID LIFT HLE PG
A W | ALOrX SEEMTE G| PLATE 3B K X4 . LPPER FLEL PACER O PLATE |
x VSET | ALY *X SEENDTE 1. | LENGTH, YIOTH AND THICKAESS OF SHIKS AS RERLIRED. LID SHIM
& AL (OALIN (APLING
2 SR DX EENTEL | 3y o g UPPER FUEL SPACER BND PLATE
B AR SENIE L g3 . 1SS VENT GUICK DISCIM. (PLG.
3 A lNDre SENTEL | MR Ve DX 12 G VENT SHIELD BLOCK SPACER
D | MUOYCXTSEENTE I | e 10 PIPE X 173 1/2'APPRIN. LG, TRAIN LI
A ¢ 1N SUXET SET SIREV 1/4-20 1/4° LG [IVER PLATE PLIG
2 A | VSSEMIES 6 0. TUBING X 174" ¥ALL LENGTH AS REEFO. LVER FLEL SPACER (LIMN
3 4 | MU SENTE | AATE W TKXB.S' 0. LIVER AEL SPALER BND PLATE
3 4 —_ PLATE 3/8* THK X 8.5° . LIVER FUEL SPACER END PLATE
] - —_— EED —
5 A RO AN ALY H00 18 HIXX X 176 1/2° (6. AIM. SHEET (153" LG (AP. ) AT DRAIN PTFE HEAT (TNOLLCTION ELEMENTS
L8 LIATIN) VITH /5 SPRINGS :
E 2 NN 0.065" THK 1494 I, 0.250° HLE SEAL VASHER
¥ 2 “ 174" OIA X V&° 16 SEAL VASHER BILT
3 2 MK EENMTEL | gy g 100 k910 9 RAINLIKE
3 — - BEH —
MTES: (RRGEET 142y |- ALDY XIS ANY OF THE FELLOMING ACCEPTABLE STATNLESS STEEL ALLINS: ADE TWE 3(6, JIELN, 34, 340N,
THE ALLOY TO B LRED SHALL B SPECIFIED BY THE LICEGEE.
2. HINTHM EERA. 8-10 LONDING IS 0.0057 yen? . SRAL T0 B PASSIVATED RRIIR T0 DSTALLATIIN.
3. AL ODESIOS AE IPPRIOMTE DDESIDS.
A CTESTOET WBID,IG B, N0 S MY E ME RINHGE T PIEE. T B OF PIECE 10 NIT D T0 € VELIED

TIEETHER BT THEY MUST NE FLUSH YITH ENCH OTHER WHEN INSTALLED.
3. HET BE TYFE M, 4N, 316, (R JIGLN YITH TBSILE STRBGTOSksi, YT STROETIDNsi, MO CHEMIEALS PER ASTH ASH.
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BILL OF MATERIALS FOR 68-ASSEMBLY HI-STAR 100 BWR ¥PC.(BM-1479)

REF. DYGS. 1401 k 1402.

E.I.D. #3009
SHEET 1 OF 2

REV. XO. PREP. BY & DATE CHECKED BY DATE PROJ. MANAGER & DATE QA. VANAGER & DATE
Comn 7] Vi
T | e XA p A~
2| i B.G- &4
D 10214 4litleo ‘f/"/“ q\‘\{ \Uo
H—
ITEM %0. | QTY.| WATERIAL DESCRIPTION NOMENCLATURE
1A 3 ALY X" SEE NTTE 1. PLATE 174" THK. X 65.65"W. X 176" LG PER DET. DNG.1401. BASKET (ELL PLATE
iB 4 PLATE 174* THK. X S2.67°W. X 176" LG PER OET. ONG.1401. BASKET CELL PLATE
IC 2 PLATE 174* TR, X 39.604. X 176" LG PER DET. ONG. 1401 BASKET [ELL PLATE
10 2 PLATE 1/4° TH. X 13.73'W. X 176" LG PER CET. DMG.1401. BASKET CELL PLATE
IE 7 PLATE 174" THK. X 6.24"W. X 176" LG PER DET. ONG. 1401 BASKET CELL PLATE
2 5 Vv 3"~ SCH 80 PIPE LGTH AS REMD. LPPER FUEL SPCER CLLMN
! 116 BRAL ADI'THK. X 4 V4°W. X 156" LG.PER OET.ONG. 1401 SEE NOTE 2. NELITRTIN ABSIRBER
a UG | ALY "X* SEENOTE 1. | 075" THK. SHEATHING PER [ET. VG 1401 SHEATHING
3 | BAR 1* WIDE X 168" LG X THICKNESS AS REQUIRED BASKET SLPPIRT SHIM
B | 172 TR X 68 /8" 0.0. X 187 /8" (6. CYLINDER. Sl
7 I BASEPLATE 2 1/2' THK X 68 3/8" 0.0. BASEPLATE
8 8 PLATE S/16'THK. X 10* APPRIX.H.X 168 1/2° LG. PER OET. ONG. 1401 BASKET SUPPLRT
% 4 BAR 1° ¥, X .B* APPROX.TK. X 168 12" LG. BASKET SLPPIRT
B OELETED
g g 2 172" WIOE X 188 172" LG. THICKNESS AS RERD. ROLL 10 SHELL 1.0 BASKET SLPPIRT
L] AS RED AS REQUIRED BASKET SUPPIRT
1o 4 PLATE 3/4° THC. X 3 172" WILE X 8 4° (. LIFT LG
I 4 PLATE 3/4* THK. X 2 172" WIDE X 4° (. LIFT LUG BASEPLATE
12 ! Y BAR 3.75'0. X 5 7/8° LG ORAIN SHIELD BLOK
134 2 E 1T BVA BAR 2 11/16" 00 X 6 4° REF LG, DIMENSION [N VG 1402 ST 4 VENT AND ORAIN TUBE
E: 2 LN BAR 2 174" (D X 2 1/4* REF LG, DIMEGION IN NG 1402 SHT 4 VENT AND ORAIN TUBE (4P
14 I | ALLDY “X* SEE NOTE 1. 10° T, X 67 1/4° 0.0. (MPC-68] W LID
10° THK. X 66 1/4° 0.0, (HPC-66F]
I5 P | ALY X" SEE NTE 1. RING 3/8° THK. X 53 (/4" 0. X 67 5/8* 0.0. [MPC-8] WL CLOSIRE RING
RING I/8* TH. X 53 124" 0. X 67 1/8* [.D. [MPC-G6F]
16 " 2-1/2*-CH 10 PIPE 158° LG ¥ITH AINEL ORAIN GUICE TUBE

\IRAVINGSNSOTANSDIANPT\M1478-1 12




BILL OF MATERIALS FOR 68-ASSEMBLY HI-STAR 100 BWR YPC.(BY-1479)

(E.1.D. 3083)

REF. DVGS. 1401 & 1402. SHEET 2 OF
REV. NO. PREP. BY & DATE CHECEED BY DATE PROJ. MANAGER & DATE QA. NANAGER & DATE
2 YAy
PO | Gt | S S A—
19 | 4w % .G :
INTIRPIRATED ECT-021-3, 7, & 8 QDo l{/u{ﬁo M\ [(nlo?
TR NO.| qTY.| WATERIAL DESCRIPTION NOMENCLATURE
17 ! ALY Y SEENDTE 1. | 1" TRCX 68 18" (D X 1 9/8° LG, OYLINER DMPC-6eF1 SHLL
g |8 ALY “¥ SEE NTTE 1. | ¥/B' THK FEMALE SUPPIRT SHIN PER CETALL, OVG. 1401, SHT 4. BASKET SPPIRT SHIM
19 2 |ALDY X" SEENOTE | | PLATE 18" T X 378" . PIRT CINER PLATE
2 B | A-i0388 (R SIMILR | A™-I0BC X |.375°LG. FULL THRD. HEX. dLT (PPR AL ACER LT
21 AS REED | ALLDY *X* SEE NOTE 1. VA A X 2 16 X THIOESS AS REIIIRED LIFT LEG SHIM
2 (ELETED -—
3 4| A-193-B8 R SIMILR | 1 VA0 X 2 4t LG, SOOKET SET SCRE. LIFT HLE PG
% 6 | ALY "X SEE MOTE 1. | PLATE 3/8' T X 4° . PPER FLEL SPACER END PLATE
5 PSET | ALDY X" SEEMITE 1| LEWGTH, WIOTH , THICKNESS AND CLANTITY AS RED. LID SHIM
% [ Yo 2 FEMMLE X 1 174" MALE SCH. 40, &/§ (LPLING PLING
a IELETE
B || ALDY X SEEMTEL | BRI I X55° LG VENT SHIELD BLOCK
3 4 | ALY Y SEE NDFE 1. BR TS X .56 VENT SHIELD BLOKK SPACER
£ U | ALDY v SEENOTE 1. | 2°-SCH 10 PIPE X 73" APPRIX.LG. (RAIN LINE
| 4 | SIOET SET SCREY 1/4-20 1/4° (G (VR PLATE PLIEG
, - ELET
3 B | v SENIES 4" S0, TUE X 1/4° WAL LBGTH AS REED. | AR SHRTAEL DMLY ) LIVER AL SPACER (LMW
p11) ALY “X* SEE NOTE 1. VI T XS4 S0 AAE (AR SHRTAEL MY ) LOVER FUEL SPACER BNO PLATE
8 B ALY *X* SEE NOTE 1. VB OH. XSV Q. AAE (AR HRT AR NY) N AH. SPACER BND PLATE
5 (ELETED
% — | IELETED
3 R0 | A, ALY 1100 1/8" THK. X 176" LG. ALLM. SHEET.(153" LG APP. AT ORAIN PIPE LOCATION.) | HEAT CDNOLLTIIN ELEMNTS
VS SRINGS.
3 2 ALMINN 065" THE X 1494 (D, 250 HLE SEAL VASHR
2 ¥ 14 0IA X VB LG SEAL VASHER BLT
4 2 ALDY *X* SEE NOTE || 1/8° THK. 6" X 6" APPRIX. SHEET (RAIN LINE
4l — LETHD —

\OTES: (FIR SHEET 1 4 2) 1. ALLDY X IS ANY OF THE FIRLINING ACCEPTABLE STAIMLESS STEHL ALLYS: ASME TYPE 315, 316N, 4, 4N

THE ALLOY TO BF USED SHALL B¢ SPECIFIED BY THE LICBSEE.

2. FIR WPC-6B AND WPC-GBFF, MINTM BORAL B-10 LOADING IS 0.0372 /cn,. IR MPC-G6F, MINDMM BCRAL B-10 LOADING IS 0.01 g/cny.
& HRAL TO G PASSIVATED PRIR 0 INSTALLATION.
3. ALL DIMENSION ARE APPRIXINATE OIMENSIONS.
4, TTENS 5,8,94, 38,90, 16,18, 5 AND 37 MAY 6F MADE FRIM MORE THAN ONE PIELE. THE NS OF PIECES 00 NOT NEED TO 6€ YELOED
TOGETHER AT THEY MUST BE ALUSH WITH EACH OTHER WEN INSTALLED.
@3 . MUST BE TYPE 304, 04U, 316, TR 3UGLN ¥ITH TENSILE STRRGTTSksi, YIELD STRONGHDksi, AND CHEMICALS PER ASTM ASS4.

wn
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(B-2898) BILL OF WATERIALS FOR 24-ASSEMBLY HI-STAR 100 PWR KPC-24E (SHEET 1).

‘REF. DWG. 2889 TO 2892, 1395 SHT 3 & 1396 SHT 1 T0 SHT 5

RV O PREP. BY " CHECKED BY PROJ. MANAGER 0A. NANAGER
o & DATE i DATE , LUIE & DATE
L0A, &’W—— Mﬂ\: l (9‘)
1 B-16-2000 /Qvézfm%mm gfmn &%Pﬁmqn /}‘ lb-l’
INCTRPIRATED CHINGES = T j24/v0
ITEN NO. | QTY. | WMATERIAL DESCRIPTION NOMENCLATURE
1A 2 [MLDY ¥ SEENDTE 1. | PLATE 5/16° THCX B4.543° REF ¥. X 176 12" LG BASKET CELL PLATE
I8 4 PLATE 5/16" THK X 23. 165" REF ¥. X 176 12°LG. BASKET CELL PLATE
Il 2 PLATE 5/16" THK X 45.985" REF ¥. X 176 1/2°LG. BASKET CELL PLATE
0 4 5/16 ANGLE X 10.847 X 10.847 X 176 172" L5 BASKET [ELL ANGLE
IE 4 PLATE 516" THK X 9.5 REF ¥. X 176 1/2'LG. BASKET CELL PLATE
IF I6 PLATE S/16° THC X 10.535 * REF ¥. X 176 1/2°LG. BASKET CELL PLATE
2 2 1% PIPE 3'-SCH B0 LGTH AS PERD. LPPER FUEL SPACER PIPE
W(R/ | T2 BIRAL 01T X 7.5°W.(6 1/4%) X 156" LG, PR CET.ONG. 1305 SHT 3. NELTTRON ABSCRBER
SEEMOIE 2
4AUBY | 4y | ALLDY "K' SEE NDTE 1. | 06" THK. SHEATHING PER OET. OWG. 135, SHEATHING
54 4 PLATE /16" THC X 3* ¥, X 176 172" LG, BASKET CELL PLATE
B 8 PLATE 2* REF ¥IDE X I68" LG X THICKNESS AS REQD BASKET SUPPRT
5 4 PLATE 3* REF ¥. X I6B’LG. X THICKNESS AS RERD BASKET SLPPLRT
5 4 PLATE 5/16°THK X 1.472° APPROX ¥. X 176 1/2°LL. BASKET CELL PLATE
5 I 172" T X 68 /8" 0.0. X 187 5/8° L. CYLINDER. (HPC-24 WPC20E) SHELL
172" THC X 68 3/8° 0.0. X 176" LG. CYLINDER. (MPC=2AEF)
7 | BASEPLATE 2 1/2* THC X 68 38" 0.0, RASEPLATE
BA 12 S/16'THK. ANGLE X 176 1/2° LG. FROM PLATE PER DET. DNG. 1355 SHT 3 BAET CELL ANGLE
8 B VIG'THC. CHANMEL X 176 172" LG. FROM PLATE PER DET.DNG. 1305 SHT 3. |  BASKET CELL CHANMEL
8 4 S/I6"THK. ANGLE X 176 1/2* LG. FROM PLATE PER DET NG, 1335 SHT 3 BASKET CELL CHANNEL
9 1 PLATE 1.25° APP. THK. X 2° ¥. X 1G8°L0. BASKET SIPPERT
10 4 v PLATE 374" THK. X 3 172" WIOE X 8 J4° LG, LIFT LUG

\JRAWINGS\SOI4\S014\MP\BM2908%0)




(BH2B39) BILL OF HATERIALS FOR 24-ASSEMBLY HI-STAR 100 PWR WPC-24E.(SHEET 2)
REF. DYG. 2889 70 2892,1395 SHT 3 & 1396 SET 1 T0 SHT 5.

REV.HO PREP. BY CHECKED BY PROJ. NANAGER Q4. NANAGER
T & DATE k DATE _EDATE ;c\ DATE
e | B
1 NORFRATED CHAES < /;;Z?D st o ok /)C/| %\}«\ v
ITEN XO.| qry. UATERIAL %CgIWION . NOKENCLATURE
1l 4 [ALLDY *X" SEE NOE 1. PALNE 24* TIK. X 4" WIEE X ¥' (6. LIFT LG BASEPLATE
12 L [ALOY *X" SEE NOTE 1. BR 3.75° 0. X § /8" L. ORAIN SHIELD BLICK
-, 2 |mw BAR 2 11/16° 10 X 6.75" LG, DIMNSIONS AS SN N VG 1356 SH 4 | VENT AND CRAIN TUEE
1B ETS BAR 2 174 1 X 2 174 16, DIMENSIDNS AS SHEWN [N ONG 1306 H 4 YENT D DRAIN TLBE C#P
14 || ALDY “X° S HOTE 1. 917" . X 67 14" 0.0 W LID
15 , v RING 28" THK.X 53 14" 10. X 67 9/8° LD, WP CLOSIFE RING
5 “ 2 172" STH 105 PIFE, 158" LG ¥ITH FLNL. ORAIN GIICE TLBE
" I ALY *X* SEE NITE . 1" TK. x 88-8 0.0, x 11 ¥/B° (6. CYLINDER (MC-246F) sal
t ASRED | ALLDY ' SEENDTE 1. | S RERUIRED FY——
19 2 D ALOY X SEEMDE || PLAE VB T X 3 TAID. PORT CIVER PLATE
D | NRED| A-193B R SIMILR VA-1ONC X 1 174°L6. HEX BLT ¥ITH FULL THRD. LPPER FLEL SPACER BOLT
20 [ AS RERD | ALLOY *X* SEE NOTE | VA" X2 X THICKNESS AS REQLIRED LIFT LUG SHIN
2 (ELETED -
3 4 A-193-8 (R SIKILAR | 4°5SNC X 2 J4°(6 SOEKET SET SCREY LI0 LIFT HILE PUG
u ASRED| ALLOY “X" SEE NDTE 1. | PULATE 34° THC X 5° [, UPPER FIEL SPACER END PLATE
B | USET | ALY SENDE L | LEAGTH, WIDTH AND THICKNESS OF SHINS AS REQUIRED. L10 SHIM
5 AL (RALIG (PLIKG
I L o <3 IP— (PR FIEL SPACER B0 PLATE
B PO MY SENTEL ) oy g ys50c VENT DUICK DISCINN. (PLG.
3 f(NUYCX SENTED | BRI X 12 LG VENT SHIELD BLOKK SPACER
¥ | MUY X SEENITE || -y 10 PIPE X 173 12°PRIY, LG TRAIN LINE
3l - — OELETED —
2 sEm 6 S0 TUBING X 1/4° YALL LENGTH 4S REG'D. LVER FLEL SPACER (ILIMN
3 sE PLATE 48" T X B.5° S0, LIMR REL SPCAR END PLATE
3B s v PLATE 38" TH X B.5° S0, LIVER FEL SPCARR END PLATE
" — — ELETED _—
5 S REFD.  aum ALY 1100 18" THICX X 176 142" IG. ALIM, SHEET (13" LG (APP.) AT (RAIN PIPE HEAT (INILCTION ELEMENTS
5 LCATIEN) ¥ITH /8 SPRINGS
Ed 2 ALMINN 0.065° THK |.4%4 D, 0.%50° HILE SEAL VASHER
7 2 v 174 O1A X I/8* LG SEAL WASHRR HILT
] 2 MDY EERREL |y 010 v 0 1 wE TRAINLINE
| B X* SEF MOTE | 18 X 4" X 4 172° APPRIX SHEET (RAINLINE
)] 1 [ALLm'x-s&mTEl. 2.7 S APRX X 175 172" (G CENTER CILLMY

NOTES: (FIR SHEET 1 & 2) THE ALLETY TO 6 USED SHALL B SPELTFIED BY THE LICENGEE.
1. MDY X IS ANY OF THE FOLLOVING ACCEPTABLE STAINLESS STEEL ALLIVS: ADE TYPE 316, N6LN, 304, LN,

2. HINIMM BORAL 8-10 LIMDING IS 0.0257 o2 . BRAL TO BE PASSIVATED PRIR T0 INSTALLATION.,
3. AL DIMBGIDNS AE APPROXIMATE OIMENSIDG.

4. 11O 5030, 9,18, AND 35 MAY BE WALE FROM HERE THAN DN

TOGETHER BT THEY MIST BE FLLSH YTTH EALH OTHER YWEN INSTALLED,

PIECE. THE ENIS IF PIECES D0 NIT NEED TO & WELOED
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CHAPTER 1": GENERAL DESCRIPTION

1.0  GENERAI INFORMATION

This Topical Safety Analysis Report (TSAR) for Holtec International's HI-STORM 100 System is
a compilation of information and analyses to support a United States Nuclear Regulatory
Commission (NRC) licensing review as a spent nuclear fuel (SNF) dry storage cask under
requirements specified in 10CFR72 [1.0.1]. This application seeks NRC approval and issuance of
a Certificate of Compliance (C of C) for storage under provisions of 10CFR72, Subpart L, for the
HI-STORM 100 System to safely store spent nuclear fuel (SNF) at an Independent Spent Fuel
Storage Installation (ISFSI). This report has been prepared in the format and content suggested in
NRC Regulatory Guide 3.61 [1.0.2] and NUREG-1536 Standard Review Plan for Dry Cask Storage
Systems [1.0.3] to facilitate the NRC review process.

The purpose of this chapter is to provide a general description of the design features and storage
capabilities of the HI-STORM 100 System, drawings of the structures, systems, and components
important to safety, and the qualifications of the applicant. This report is also suitable for
incorporation into a site-specific Safety Analysis Report which may be submitted by an applicant for
the a license to store SNF at an ISFSI or a facility similar in objective and scope. Table 1.0.1 |
contains a listing of the terminology and notation used in this TSAR.

To aid NRC review, additional tables and references have been added to facilitate the location of
information requested by NUREG-1536. Table 1.0.2 provides a matrix of the topics in NUREG-
1536 and Regulatory Guide 3.61, the corresponding 10CFR72 requirements, and a reference to the
applicable TSAR section that addresses each topic.

The HI-STORM 100 TSAR is in full compliance with the intent of all regulatory requirements listed
in Section Il of each chapter of NUREG-1536. However, an exhaustive review of the provisions in
NUREG-1536, particularly Section IV (Acceptance Criteria) and Section V (Review Procedures)
has identified certain deviations from a verbatim compliance to all guidance requirements. Alistof |
all such items, along with a discussion of their intent and Holtec International’s approach for
compliance with the underlying intent is presented in Table 1.0.3 herein. Table 1.0.3 also contains
the justification for the alternative method for compliance adopted in this TSAR. The justification
may be in the form of a supporting analysis, established industry practice, or other NRC guidance

This chapter has been prepared in the format and section organization set forth in Regulatory
Guide 3.61. However, the material content of this chapter also fulfills the requirements of
NUREG-1536. Pagination and numbering of sections, figures, and tables are consistent with the
convention set down in Chapter 1, Section 1.0, herein. Finally, all terms-of-art used in this chapter
are consistent with the terminology of the glossary (Table 1.0.1) and component nomenclature of
the Bill-of-Materials (Section 1.5).

HI-STORM TSAR Rev. 11
REPORT HI-951312 1.0-1



documents. Each chapter in this TSAR provides a clear statement with respect to the extent of
compliance to the NUREG-1536 provisions.

Chapter 1 is in full compliance with NUREG-1536; no exceptions are taken.

The generic design basis and the corresponding safety analysis of the HI-STORM 100 System
contained in this TSAR are intended to bound the SNF characteristics, design, conditions, and
interfaces that exist in the vast majority of domestic power reactor sites and potential away-from-
reactor storage sites in the contiguous United States. This TSAR also provides the basis for
component fabrication and acceptance, and the requirements for safe operation and maintenance of
the components, consistent with the design basis and safety analysis documented herein. In
accordance with 10CFR72, Subpart K, site-specific implementation of the generically certified HI-
STORM 100 System requires that the licensee perform a site-specific safety evaluation, as defined
in 10CFR72.212. The HI-STORM 100 System TSAR identifies a limited number of conditions that
are necessarily site-specific and are to be addressed in the licensee’s 10CFR72.212 evaluation. These
include:

. Siting of the ISFSI and design of the storage pad and security system. Site-specific
demonstration of compliance with regulatory dose limits. Implementation of a site-
specific ALARA program.

. An evaluation of site-specific hazards and design conditions that may exist at the

ISFSI site or the transfer route between the plant's cask receiving bay and the ISFSI.
These include, but are not limited to, explosion and fire hazards, flooding conditions,
land slides, and lightning protection. :

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

. An evaluation of interface and design conditions that exist within the plant's fuel
building in which canister fuel loading, canister closure, and canister transfer
operations are to be conducted in accordance with the applicable 10CFR50
requirements and technical specifications for the plant.

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

. Performance of pre-operational testing.
HI-STORM TSAR Rev. 11
REPORT HI-951312 1.0-2
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. Implementation of a safeguards and accountability program in accordance with
10CFR73. Preparation of a physical security plan in accordance with 10CFR73.55.

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

The generic safety analyses contained in the HI-STORM 100 TSAR may be used as input and for
guidance by the licensee in performing a 10CFR72.212 evaluation.

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

Revision of this document to Revision 8 7 was made on a page or section level basis depending
upon the extent of the changes. Therefore, from chapter to chapter, if any change occurred in a
section, anywhere from a single page to the whole section was updated to Revision 8 11. The sole
exception is the figures and-drawings, which were updated to Revision 8 11 on a figure-specific
basis only if a change was made specifically to that figure. ordrawing. Drawings are controlled
separately within the Holtec QA program and have individual revision numbers. Bills-of-Material
(BOMs) are considered separate drawings and are not necessarily at the same revision level as the
drawing(s) to which they apply. Ifa drawing was revised in support of the current TSAR revision,
that drawing is included in Section 1.5 at its latest revision level.

HI-STORM TSAR Rev. 11
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Table 1.0.1

TERMINOLOGY AND NOTATION

ALARA is an acronym for As Low As Reasoﬁably Achievable.

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

Boral™ means Boral manufactured by AAR Advanced Structures.
BWR is an acronym for boiling water reactor.
C.G. is an acronym for center of gravity.

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

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

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

Cooling Time for a spent fuel assembly is the time between its discharge from the reactor
(reactor shutdown) and the time the spent fuel assembly is loaded into the multi-purpose
canister.

DBE means Design Basis Earthquake.
DCSS is an acronym for Dry Cask Storage System.

Damaged Fuel Assembly is a fuel assembly with known or suspected cladding defects, as
determined by review of records, greater than pinhole leaks or hairline cracks, missing empty
fuel rod locations that are not replaced with dummy fuel rods, or those that cannot be handled

19 Y 1OV (11U Y PAY U al 1] al 1Ay U
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Table 1.0.1

{ TERMINOLOGY AND NOTATION

cannot be handled by normal means due to fuel cladding damage are considered fuel debris. |

Damaged Fuel Container (or Canister) means a specially designed enclosure for damaged fuel |
or fuel debris which permits gaseous and liquid media to escape while minimizing dispersal of
gross particulates. The Damaged Fuel Container/Canister (DF C)features alifting location which |
is suitable for remote handling of a loaded or unloaded DFC.

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

Design Report is a document prepared, reviewed and QA validated in accordance with the
provisions of 10CFR72 Subpart G. The Design Report shall demonstrate compliance with the
requirements set forth in the Design Specification. A Design Report is mandatory for systems,
structures, and components designated as Important to Safety.

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

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

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

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

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

damage.

High Burnup Fuel is spent fuel assemblies with burnups greater than 45,000 MWD/MTU. |

HI-STORM TSAR Rev. 11
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Table 1.0.1 (continued)

TERMINOLOGY AND NOTATION

HI-TRAC transfer cask or HI-TRAC means the transfer cask used to house the MPC during
MPC fuel loading, unloading, drying, sealing, and on-site transfer operations to a HI-STORM
storage overpack or HI-STAR storage/transportation overpack. The HI-TRAC shields the loaded
MPC allowing loading operations to be performed while limiting radiation exposure to
personnel. The HI-TRAC is equipped with a pair of lifting trunnions and pocket trunnions to lift
and downend/upend the HI-TRAC with a loaded MPC. HI-TRAC is an acronym for Holtec
International Transfer Cask. In this submittal there are two HI-TRAC transfer casks, the 125 ton
HI-TRAC (HI-TRAC-125) and the 100 ton HI-TRAC (HI-TRAC-100). The 100 ton HI-TRAC
is provided for use at sites with a maximum crane capacity of 166 less than 125 tons. The term
HI-TRAC is used as a generic term to refer to both the 125 ton and 100 ton HI-TRAC.

HI-STORM 100 overpack or storage overpack means the cask which that receives and contains
the sealed multi-purpose canisters containing spent nuclear fuel. It provides the gamma and
neutron shielding, ventilation passages, missile protection, and protection against natural
phenomena and accidents for the MPC. The term “overpack” as used in this TSAR refers to both
the standard design overpack (HI-STORM 1 00), the short design overpack (HI-STORM 100S),
and either of these as an overpack designed for high seismic deployment (HI-STORM 100A or
HI-STORM 100SA) unless otherwise clarified.

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

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

Holtite™-A is a trademarked

alidU) L] U [ I 111d cl
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Table 1.0.1 (continued)

TERMINOLOGY AND NOTATION

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

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

Intact Fuel Assembly is defined as a fuel assembly without known or suspected cladding defects
greater than pinhole leaks and hairline cracks, and which can be handled by normal means.
Partial fuel assemblies, that is fuel assemblies from which fuel rods are missing, shall not be
classified as Intact Fuel Assemblies unless dummy fuel rods are used to displace an amount of
water greater than or equal to that displaced by the original fuel rod(s).

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

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

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

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

MGDS is an acronym for Mined Geological Disposal System.

Moderate Burnup Fuel is spent fuel assemblies with burnups less than or equal to 45,000
MWD/MTU.

Multi-Purpose Canister (MPC) means the sealed canister which consists of a honeycombed
fuel basket for spent nuclear fuel storage, contained in a cylindrical canister shell which is
welded to a baseplate, lid with welded port cover plates, and closure ring. MPC is an acronym

HI-STORM TSAR Rev. 11
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Table 1.0.1 (continued)

TERMINOLOGY AND NOTATION

for multi-purpose canister. There are different MPCs with different fuel basket geometries for
storing PWR or BWR fuel, but all MPCs have identical exterior dimensions. The MPC is the

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

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

Non-Fuel Hardware is defined as Burnable Poison Rod Assemblies (BPRAs), Thimble Plug
Devices (TPDs), Control Rod Assembilies ( CRAs), Axial Power Shaping Rods (APSRs) and other
similarly designed devices with different names

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

Preferential Fuel Loading is a requirement in the CoC applicable to uniform fuel loading
whenever fuel assemblies with significantly different post-irradiation cooling times (> 1 year)
are to be loaded in the same MPC. Fuel assemblies with the longest post-irradiation cooling
time are loaded into fuel storage locations at the periphery of the basket. Fuel assemblies with
shorter post-irradiation cooling times are placed toward the center of the basket. Regionalized
fuel loading meets the intent of preferential fuel loading. Preferential fuel loading is a
requirement in addition to other restrictions in the CoC such as those for non-fuel hardware and
damaged fuel containers.

Post-Core Decay Time (PCDT) is synonymous with cooling time.
PWR is an acronym for pressurized water reactor.
Reactivity is used synonymously with effective neutron multiplication factor or k-effective.

Regionalized Fuel Loading is a term used to describe an optional fuel loading strategy used in
lieu of uniform fuel loading. Regionalized fuel loading allows high heat emitting fuel assemblies

HI-STORM TSAR Rev. 11
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Table 1.0.1 (continued)

TERMINOLOGY AND NOTATION

to be stored in fuel storage locations in the center of the fuel basket provided lower heat emitting
fuel assemblies are stored in the peripheral fuel storage locations. Users choosing regionalized
Juel loading must also consider other restrictions in the CoC such as those for non-fuel hardware
and damaged fuel containers. Regionalized fuel loading meets the intent of preferential fuel
loading.

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

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

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

SNF is an acronym for spent nuclear fuel.

SSC is an acronym for Structures, Systems and Components.

STP is Standard Temperature and Pressure conditions.

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

TSAR is an acronym for Topical Safety Analysis Report (10CFR72).
Uniform Fuel Loading is a fuel loading strategy where any authorized fuel assembly may be
stored in any fuel storage location, subject to other restrictions in the CoC, such as preferential

fuel loading, and those applicable to non-fuel hardware, and damaged fuel containers.

ZPA is an acronym for zero period acceleration.

HI-STORM TSAR Rev. 11
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1.1  INTRODUCTION

HI-STORM 100 (acronym for Holtec International Storage and Transfer Operation Reinforced
Module) is a spent nuclear fuel storage system designed to be in full compliance with the
requirements of 10CFR72. The annex "100" is a model number designation which denotes a system
weighing over 100 tons. The HI-STORM 100 System consists of a sealed metallic canister, herein
abbreviated as the "MPC", contained within an overpack. Its design features are intended to simplify
and reduce on-site SNF loading, handling, and monitoring operations, and to provide for radiological
protection and maintenance of structural and thermal safety margins.

The HI-STORM 100S overpack is a variant of the HI-STORM 100 overpack and has its own set of |
design drawings in Section 1.5. The “S” suffix indicates a shorter overpack with a re-designed top
lid. The HI-STORM 100S accepts the same MPCs and fuel types as the HI-STORM 100 and the
basic structural, shielding, and thermal-hydraulic characteristics remain unchanged. Hereafter in
this TSAR reference to HI-STORM 100 System or the HI-STORM 100 overpack is construed to apply
to both the HI-STORM 100 and the HI-STORM 100S. Where appropriate, the text distinguishes
between the two overpack designs. See Figures 1.1.1A and 1.1.3A.

The HI-STORM 100 System is designed to accommodate a wide variety of spent nuclear fuel
assemblies in a single overpack design by utilizing different MPCs. The external dimensions of all
MPCs are identical to allow the use of a single overpack. Each of the MPCs has different internals
(baskets) to accommodate distinct fuel characteristics. Each MPC is identified by the maximum
quantity of fuel assemblies it is capable of receiving. The MPC-24, MPC-24E, and MPC-24EF |
contains a maximum of 24 PWR fuel assemblies; the MPC-32 contains a maximum of 32 PWR fuel |
assemblies; and the MPC-68, MPC-68F, and MPC-68FF contains a maximum of 68 BWR fuel |
assemblies.

The HI-STORM 100 overpack is constructed from a combination of steel and concrete, both of
which are materials with long, proven histories of usage in nuclear applications. HI-STORM 100
incorporates and combines many desirable features of previously-approved concrete and metal
module designs. In essence, the HI-STORM 100 overpack is a hybrid of metal and concrete systems,
with the design objective of emulating the best features and dispensing with the drawbacks of both.
The HI-STORM overpack is best referred to as a METCON™ (metal/concrete composite) system.
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Figure 1.1.1 shows the HI-STORM 100 with two of its major constituents, the MPC and the storage
overpack, in a cut-away view. The MPC, shown partially withdrawn from the storage overpack, is
an integrally welded pressure vessel designed to meet the stress limits of the ASME Boiler and
Pressure Vessel Code, Section III, Subsection NB [1.1.1]. The MPC defines the confinement
boundary for the stored spent nuclear fuel assemblies with respect to 10CFR72 requirements and
attendant review considerations. The HI-STORM 100 storage overpack provides mechanical
protection, cooling, and radiological shielding for the contained MPC.

In essence, the HI-STORM 100 System is the storage-only counterpart of the HI-STAR 100 System
(Docket Numbers 72-1008 (Ref. [1.1.2]) and 71-9261 (Ref. [1.1.3])). Both HI-STORM and HI-
STAR are engineered to house identical MPCs. Since the MPC is designed to meet the requirements
of both 10CFR71 and 10CFR72 for transportation and storage, respectively, the HI-STORM 100
System allows rapid decommissioning of the ISESI by simply transferring the loaded MPC's directly
into HI-STAR 100 overpacks for off-site transport. This alleviates the additional fuel handling steps
required by storage-only casks to unload the cask and repackage the fuel into a suitable
transportation cask.

In contrast to the HI-STAR 100 overpack, which provides a containment boundary for the SNF
during transport, the HI-STORM 100 storage overpack does not constitute a containment or
confinement enclosure. The HI-STORM 100 overpack is equipped with large penetrations near its
lower and upper extremities to permit natural circulation of air to provide for the passive cooling of
the MPC and the contained radioactive material. The HI-STORM is engineered to be an effective
barrier against the radiation emitted by the stored materials, and an efficiently configured
metal/concrete composite to attenuate the loads transmitted to the MPC during a natural phenomena
or hypothetical accident event. Other auxiliary functions of the HI-STORM 100 overpack include
isolation of the SNF from abnormal environmental or man-made events, such as impact of a tornado
borne missile. As the subsequent chapters of this TSAR demonstrate, the HI-STORM overpack is
engineered with large margins of safety with respect to cooling, shielding, and mechanical/structural
functions.

The HI-STORM 100 System is autonomous inasmuch as it provides SNF and radioactive material
confinement, radiation shielding, criticality control and passive heat removal independent of any
other facility, structures, or components. The surveillance and maintenance required by the plant's
staff is minimized by the HI-STORM 100 System since it is completely passive and is composed of
materials with long proven histories in the nuclear industry. The HI-STORM 100 System can be used
either singly or as the basic storage module in an ISFSIL. The site for an ISFSI can be located either
at a reactor or away from a reactor.

The information presented in this report is intended to demonstrate the acceptability of the HI-
STORM 100 System for use under the general license provisions of Subpart K by meeting the
criteria set forth in 10CFR72.236.
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The modularity of the HI-STORM 100 System accrues several advantages. Different MPCs, identical
in exterior dimensions, manufacturing requirements, and handling features, but different in their SNF
arrangement details, are designed to fit a common overpack. Even though the different MPCs have
fundamentally identical design and manufacturing attributes, qualification of HI-STORM 100
requires consideration of the variations in the characteristics of the MPCs. In most cases, however,
it is possible to identify the most limiting MPC geometry and the specific loading condition for the
safety evaluation, and the detailed analyses are then carried out for that bounding condition. In those
cases where this is not possible, multiple parallel analyses are performed.

The HI-STORM overpack is not engineered for transport and, therefore, will not be submitted for
10CFR Part 71 certification. HI-STORM 100, however, is designed to possess certain key elements
of flexibility.

For example:
. The HI-STORM 100 overpack is stored at the ISFSI pad in a vertical orientation which helps

minimize the size of the ISFSI and leads to an effective natural convection cooling flow
around the MPC.

. The HI-STORM 100 overpack can be loaded with a loaded MPC using the HI-TRAC
transfer cask inside the 10CFR50 [1.1.4] facility, prepared for storage, transferred to the
ISFSI, and stored in a vertical configuration, or directly loaded using the HI-TRAC transfer
cask at or nearby the ISFSI storage pad.

The MPC is a multi-purpose SNF storage device both with respect to the type of fuel assemblies and
its versatility of use. The MPC is engineered as a cylindrical prismatic structure with square Cross
section storage cavities. The number of storage locations depends on the type of fuel. Regardless of
the storage cell count, the construction of the MPC is fundamentally the same; it is built as a
honeycomb of cellular elements positioned within a circumscribing cylindrical canister shell. The
manner of cell-to-cell weld-up and cell-to-canister shell interface employed in the MPC imparts
extremely high structural stiffness to the assemblage, which is an important attribute for mechanical
accident events. Figure 1.1.2 shows an elevation cross section of a MPC.
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The MPC is identical to those presented in References [1.1.2] and [1.1.3], except for MPC-24. 24E,
24EF, 32, and 68FF . Referencing these submittals documents, as applicable, avoids repetition of
information on the MPCs which is comprehensively set forth in the above-mentioned Holtec
International applteations documents docketed with the NRC. However, sufficient information and
drawings are presented in this report to maintain clarity of exposition of technical data.

The HI-STORM 100 storage overpack is designed to provide the necessary neutron and gamma
shielding to comply with the provisions of 10CFR72 for dry storage of SNF at an ISFSI. A cross
sectional view of the HI-STORM 100 storage overpack is presented in Figure 1.1.3. A HI-TRAC
transfer cask is required for loading of the MPC and movement of the loaded MPC from the cask
loading area of a nuclear plant spent fuel pool to the storage overpack. The HI-TRAC is engineered
to be emplaced with an empty MPC into the cask loading area of nuclear plant spent fuel pools for
fuel loading (or unloading). The HI-TRAC/MPC assembly is designed to preclude intrusion of pool
water into the narrow annular space between the HI-TRAC and the MPC while the assembly is
submerged in the pool water. The HI-TRAC transfer cask also allows dry loading (or unloading) of
SNF into the MPC.

To summarize, the HI-STORM 100 System has been engineered to:
. minimize handling of the SNF;

. provide shielding and physical protection for the MPC;

. permit rapid and unencumbered decommissioning of the ISFSI;

. require minimal ongoing surveillance and maintenance by plant staff;

. minimize dose to operators during loading and handling;

. allow transfer of the loaded MPC to a HI-STAR overpack for transportation.
HI-STORM TSAR Rev. 11
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1.2 GENERAL DESCRIPTION OF HI-STORM 100 System

1.2.1 System Characteristics

The basic HI-STORM 100 System consists of interchangeable MPCs providing a confinement
boundary for BWR or PWR spent nuclear fuel, a storage overpack providing a structural and
radiological boundary for long-term storage of the MPC placed inside it, and a transfer cask
providing a structural and radiological boundary for transfer of a loaded MPC from a nuclear plant
spent fuel storage pool to the storage overpack. Figure 1.2.1 provides a cross sectional view of the
HI-STORM 100 System with an MPC inserted into a storage overpack. Figure 1.2.1A provides a
cross sectional view of the HI-STORM 100S System with an MPC inserted into a storage overpack.
Each of these components is described below, including information with respect to component
fabrication techniques and designed safety features. All structures, systems, and components of the

-STORM 100 System which are identified as Important to Safety are specified in Table 2.2.6. This
discussion is supplemented with a full set of detailed design drawings in Section 1.5.

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

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

1. vacuum drying system

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

iv welding equipment

V. transfer vehicles/trailer

All MPCs have identical exterior dimensions which render them interchangeable. The outer diameter
of the MPC is 68-3/8 inches' and the overall length is 190-1/2 inches. See Section 1.5 for the
detailed design drawings. Due to the differing storage contents of each MPC, the maximum loaded
weight differs betweea— among MPCs. See Table 3.2.1 for each MPC weight. However, the
maximum weight of a loaded MPC is approximately 44-1/2 tons. Tables 1.2.1 and 1.2.2 contain the
key parameters for the MPCs.

A single, base HI-STORM overpack design is provided which is capable of storing each type of I
MPC. The overpack inner cavity is sized to accommodate the MPCs. The inner diameter of the
overpack inner shell is 73-1/2 inches and the height of the cavity is 191-1/2 inches. The overpack
inner shell is provided with channels distributed around the inner cavity to present an inside diameter
of 69-1/2 inches. The channels are intended to offer a flexible medium to absorb some of the impact
during a non-mechanistic tip-over, while still allowing the cooling air flow through the ventilated

T Dimensions discussed in this section are considered nominal values.
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overpack. The outer diameter of the overpack is 132-1/2 inches. and The overall height of the HI-
STORM 100 and the HI-STORM 100S is 239-1/2 inches and 232 inches, respectively. See Section
1.5 for the detailed design drawings. The weight of the overpack without an MPC is approximately
135 tons. See Table 3.2.1 for the detailed weights.

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

* the honeycomb design of the MPC fuel basket;

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

the high heat dissipation capability;
* engineered features to promote convective heat transfer;
* the structural robustness of the steel-concrete-steel overpack construction.

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

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

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

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

1.2.1.1 Multi-Purpose Canisters

The MPCs are welded cylindrical structures as shown in cross sectional views of Figures 1.2.2 and
+:2:4 through 1.2.4.A. The outer diameter and cylindrical height of each MPC are fixed. Each spent
fuel MPC is an assembly consisting of a honeycombed fuel basket, a baseplate, canister shell, a lid,
and a closure ring, as depicted in the MPC cross section elevation view, Figure 1.2.5. The number of
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spent nuclear fuel storage locations in each of the MPCs depends on the fuel assembly
characteristics.

There are #hree seven MPC models, distinguished by the type and number of fuel assemblies
authorized for loading. The MPC-24 is designed to store up to 24 intact PWR fuel assemblies. The
MPC-24E is designed to store up to 24 total PWR fuel assemblies including up to four (4) damaged
PWR fuel assemblies. The MPC-24EF is designed to store up to 24 total PWR fuel assemblies
including up to four (4) damaged PWR fuel assemblies or fuel classified as fuel debris. The MPC-68
is designed to store up to 68 irtaet total BWR fuel assemblies including up to 68 damaged Dresden
Unit 1 or Humboldt Bay BWR fuel assemblies. Damaged BWR fuel assemblies other than Dresden
Unit 1 and Humboldt Bay are limited to 16 fuel storage locations in the MPC-68 with the remainder
being intact BWR fuel assemblies, up to a total of 68. The MPC-68F is designed to store up to 68
intact or damaged Dresden Unit 1 and Humboldt Bay BWR fuel assemblies. and Up to four of the
68 fuel storage locations in the MPC-68F may be Dresden Unit 1 and Humboldt Bay BWR fuel
assemblies classified as fuel debris. The MPC-68FF is designed to store up to 68 total BWR fuel
assemblies including up to 16 damaged BWR fuel assemblies. Up to eight (8) of the 16 BWR
damaged fuel assembly storage locations may be filled with BWR fuel classified as fuel debris.
In addition, all fuel loading combinations permitted in the MPC-68F are also permitted in the
MPC-68FF. Design Drawings for all of the MPCs are provided in Section 1.5.

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

The eonstruction-features-of the PWR MPC-24, MPC-24E and the- BWRMPEC-68-are-similar-

. . - .
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fael: MPC-24EF differs in construction from the MPC-68 (including the MPC-68F and MPC-
68FF) in one important aspect: the fuel storage cells are physically separated from one another
by a "flux trap", for criticality control. The PWR MPC-32 is designed similar to the MPC-68
(without flux traps) and its design includes credit for soluble boron in the MPC water during wet
fuel loading and unloading operations for criticality control. All MPC baskets are formed from
an array of plates welded to each other, such that a honeycomb structure is created which
resembles a multiflanged, closed-section beam in its structural characteristics.

The MPC fuel basket is positioned and supported within the MPC shell by a set of basket
supports welded to the inside of the MPC shell. Between the periphery of the basket, the MPC
shell, and the basket supports, heat conduction elements are installed. These heat conduction
elements are fabricated from thin aluminum alloy 1100 in shapes and a design which erable
allows a snug fit in the confined spaces and ease of installation. The heat conduction elements
are installed along the full length of the MPC basket except at the drain pipe location to create a
nonstructural thermal connection which facilitates heat transfer from the basket to shell. In their
tnstatled operating condition, the heat conduction elements contact the MPC shell and basket
walls.
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Lifting lugs attached to the inside surface of the MPC canister shell serve to permit placement of
the empty MPC into the HI-TRAC transfer cask. The lifting lugs also serve to axially locate the
MPCid prior to welding. These internal lifting lugs are not used to handle a loaded MPC. Since
the MPC lid is installed prior to any handling of a loaded MPC, there is no access to the lifting
lugs once the MPC is loaded.

The top end of the MPC incorporates a redundant closure system. Figure 1.2.6 shows the MPC
closure details. The MPClid is a circular plate edge-welded to the MPC outer shell. This plate is
equipped with vent and drain ports which are utilized to remove moisture and air from the MPC,
and backfill the MPC with a specified mass pressure of inert gas (helium). The vent and drain
ports are covered and seal welded before the closure ring is installed. The closure ring is a
circular ring edge-welded to the MPC shell and lid. The MPC lid provides sufficient rigidity to
allow the entire MPC loaded with SNF to be lifted by threaded holes in the MPC lid.

To maintain a constant exterior axial length between the PWR MPCs MPC-24 and the BWR
MPCs MPC-68, the thickness of the PWR MPCs’ MBC-24 1id is ¥ inch thinner than the MPC-
68s’ 1id to accommodate the longest PWR fuel assembly which is approximately a % inch longer
than the longest BWR fuel assembly. For fuel assemblies that are shorter than the design basis
length, upper and lower fuel spacers (as appropriate) maintain the axial position of the fuel
assembly within the MPC basket. The upper fuel spacers are threaded into the underside of the
MPC 1id as shown in Figure 1.2.5. The lower fuel spacers are placed in the bottom of each fuel
basket cell. The upper and lower fuel spacers are designed to withstand normal, off-normal, and
accident conditions of storage. An axial clearance of approximately 2 inches is provided to
account for the irradiation and thermal growth of the fuel assemblies. The suggested values for
the upper and lower fuel spacer lengths are listed in Tables 2.1.9 and 2.1.10 for each fuel
assembly type. The actual length of fuel spacers will be determined on a site-specific or fuel
assembly-specific basis.

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

Alloy X is a material which is expected to be acceptable as a Mined Geological Disposal System
(MGDS) waste package and which meets the thermophysical properties set forth in this
document.
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At this time, there is considerable uncertainty with respect to the material of construction for an
MPC which would be acceptable as a waste package for the MGDS. Candidate materials being
considered for acceptability by the DOE include:

Type 316
Type 316LN
Type 304
Type 304LN

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

For the MPC design and analysis, Alloy X (as defined in this application) may be one of the
following materials. (eOnly a single alloy from the list of acceptable Alloy X materials may be
used in the fabrication of a single MPC basket or shell - the basket and shell may be of different
alloys.

Type 316

Type 316LN

Type 304 _
Type 304LN s

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

The evaluation of the Alloy X constituents to determine the least favorable properties is provided
in Appendix 1.A.

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

The Alloy X approach is conservative because no matter which material is ultimately utilized in
the MPC construction, the Alloy X approach guarantees that the performance of the MPC will
exceed the analytical predictions contained in this document.
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1.2.1.2 Overpacks
1.2.1.2.1 HI-STORM 100 Overpack (Storage

The HI-STORM 100 and 100S overpacks #s-¢ are rugged, heavy-walled cylindrical vessels.
Figures 1.2.7, and 1.2.8, and 1.2.8.A provide cross sectional views of the HI-STORM 100
System, including both of the overpack designs.

main structural function of the storage overpack is provided by carbon steel, and the main
shielding function is provided by plain concrete. The overpack plain concrete is enclosed by
cylindrical steel shells, a thick steel baseplate, and a top plate. The overpack lid has appropriate

concrete shielding attached-to-its-underside-andtop to provide neutron and gamma attenuation in

the vertical direction.

The storage overpack provides an internal cylindrical cavity of sufficient height and diameter for
housing an MPC. The inner shell of the overpack has channels attached to its inner diameter. The
channels provide guidance for MPC insertion and removal and a flexible medium to absorb
impact loads during the non-mechanistic tip-over, while still allowing the cooling air flow to
circulate through the overpack. Stainless steel shims are attached to channels to allow the proper
inner diameter dimension to be obtained and to provide a guiding surface for MPC insertion and
removal.

The storage overpack has air ducts to allow for passive natural convection cooling of the
contained MPC. Four air inlets and four air outlets are located at the lower and upper extremities
of the overpack, respectively. The air inlets and outlets are covered by a fine mesh screen to
reduce the potential for blockage. Routine inspection of the screens (or, alternatively,
temperature monitoring) ensures that blockage of the screens themselves will be detected and
removed in a timely manner. Analysis, provided in this TSAR, evaluates the effects of partial and
complete blockage of the air ducts.

The four air inlets and four air outlets are penetrations through the thick concrete shielding
provided by the HI-STORM 100 overpack. The outlet air ducts for the HI-STORM 100S
overpack are integral to the lid. Within the air inlets and outlets, an array of gamma shield cross
plates are installed. These gamma shield cross plates are designed to scatter any particles
traveling through the ducts. The result of scattering the particles in the ducts is a significant
decrease in the local dose rates around the four air inlets and four air outlets. The configuration
of the gamma shield cross plates is such that the increase in the resistance to flow in the air inlets
and outlets is minimized.

Four threaded anchor blocks at the top of the overpack are provided for lifting. The anchor
blocks are integrally welded to the radial plates which in turn are full-length welded to the
overpack inner shell, outer shell, and baseplate (see Figure 1.2.7). The four anchor blocks are
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located on 90° centers. The overpack may also be lifted from the bottom using speciaily-
designed lifting transport devices, including hydraulic jacks, air pads, and Hillman rollers. Slings
or other suitable devices mate with lifting lugs which are inserted into threaded holes in the top
surface of the overpack lid to allow lifting of the overpack lid. After the lid is bolted to the
storage overpack main body, these lifting bolts shall be removed and replaced with flush plugs.

The plain concrete between the overpack inner and outer steel shells is specified to provide the
necessary shielding properties and compressive strength. The concrete shall be in accordance
with the requirements specified in Appendix 1.D.

The principal function of the concrete is to provide shielding against gamma and neutron
radiation. However, in an implicit manner it helps enhance the performance of the HI-STORM
overpack in other respects as well. For example, the massive bulk of concrete imparts a large
thermal inertia to the HI-STORM overpack, allowing it to moderate the rise in temperature of the
system under hypothetical conditions when all ventilation passages are assumed to be blocked.
The case of a postulated fire accident at the ISFSI is another example where the high thermal
inertia characteristics of the HI-STORM concrete control the temperature of the MPC. Although
the annular concrete mass in the overpack shell is not a structural member, it does act as an
elastic/plastic filler of the inter-shell space, such that, while its cracking and crushing under a tip-
over accident is not of significant consequence, its deformation characteristics are germane to the
analysis of the structural members.

Density and compressive strength are the key parameters which delineate the performance of
concrete in the HI-STORM System. The density of concrete used in the inter-shell annulus,
pedestal, and HI-STORM lid has been set as defined in Appendix 1.D. For evaluating the
physical properties of concrete for completing the analytical models, conservative formulations
of Reference [1.2.6] are used.

To ensure the stability of the concrete at temperature, the concrete composition has been
specified in accordance with NUREG-1536, "Standard Review Plan for Dry Cask Storage
Systems" [1.2.10]. Thermal analyses, presented in Chapter 4, show that the temperatures during
normal storage conditions do not threaten the physical integrity of the HI-STORM overpack

concrete.

HI-STORM TSAR Rev. 11
REPORT HI-951312 1.2-7




e e
HI-STORM TSAR

REPORT HI-951312




1.2.1.2.2 HI-TRAC (Transfer Cask)

Like the storage overpack, the HI-TRAC transfer cask is a rugged, heavy-walled cylindrical vessel.
The main structural function of the transfer cask is provided by carbon steel, and the main neutron
and gamma shielding functions are provided by water and lead, respectively. The transfer cask is a
steel, lead, steel layered cylinder with a water jacket attached to the exterior. Figure 1.2.9 provides a
typical cross section of a HI-TRAC with the pool lid installed.

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

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

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

1.2.1.3 Shielding Materials

The HI-STORM 100 System is provided with shielding to ensure the radiation and exposure
requirements in 10CFR72.104 and 10CFR72.106 are met. This shielding is an important factor
in minimizing the personnel doses from the gamma and neutron sources in the SNF in the MPC
for ALARA considerations during loading, handling, transfer, and storage. The fuel basket
structure of edge-welded composite boxes and Boral™ neutron poison panels attached to the fuel
storage cell vertical surfaces provide the initial attenuation of gamma and neutron radiation
emitted by the radioactive spent fuel. The MPC shell, baseplate, lid and closure ring provide
additional thicknesses of steel to further reduce the gamma flux at the outer canister surfaces.

In the HI-STORM 100 storage overpack, the primary shielding in the radial direction is provided
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by concrete and steel. In addition, the storage overpack has a thick circular concrete slab attached
to the underside of the lid, and a thick circular conc