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INFORMATION NEEDED TO REVIEW HI-STORM 100, AMENDMENT 2

Technical Specifications

1.

‘Provide the methodology used to determine allowable surface dose rate limits in

conjunction with Technical Specification 5.7, Radiation Protection Program.

Page 31 of NUREG-1745, Standard Format and Content for Technical
Specifications for 10 CFR Part 72 Cask Certificates of Compliance, states that the
process for establishing a limit may be removed to an administrative program if a
method of evaluation acceptable to the NRC is presented in the Safety Analysis
Report (SAR). Surface dose rate limits assure p'roper loading and consistency with

the site-specific off-site dose analysis, which in turn ensure compliance with
radiological requirements in 10CFR Part 20, and 10CFR Part 72.

A user that determines allowable surface dose limits under proposed Technical
Specification 5.7, in lieu of numeric dose limits specified in the Technical
Specifications, should use “an NRC-approved methodology for determining
allowable dose rates. The methodology should specify appropriate shielding design
considerations, acceptable analytical methods, baseline inputs and assumptions, and
qualifications of personnel. A 'methodology is required in the SAR, with a
discussion of an administrative program to measure and control dose hrmts in order
to satisfy the requirements of 10 CFR 72.104, and 72.106.

Response

There is no requirement proposed in TS 5.7, Radiation Protection Program, for
users to determine a maximum allowable cask surface dose rate limit because
neither 10 CFR 20 nor 10 CFR 72 include a cask surface dose rate limit or a
requirement to establish such a limit. This balance of this response addresses each
issue in the question separately.

10 CFR 20

Compliance with 10 CFR 20 is demonstrated by dose monitoring under the
licensee’s individual ALARA-based dose control program and is unrelated to any
dose rate limit in the generic cask Technical Speciﬁcations (TS). This is because
licensees handle a wide variety of radioactive materials as a normal part of plant
operations, many of which have contact dose rates significantly higher than those of
a dry storage cask. Cask operations would be treated similarly. That is, appropriate
dose minimization measures would be established in the Radiation Work Permit
(RWP) and procedures governing the activities taking place, based on the actual
radiation dose rates measured using the “time, distance, and shielding” approach.
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10 CFR 72.104

The regulations require that users comply with 10 CFR 72.104 for controlled-area
boundary doses due to ISFSI operation and other uranium fuel cycle operations that
may contribute additional dose (such as plant operations). Calculations performed
site-specifically to demonstrate compliance with 10 CFR 72.104 (as required by 10
CFR 72.212(b)(2)(1)(C)) may use plant-specific firel and non-fuel hardware
characteristics, site boundary distances, and ISFSI arrays, or may use the bounding
inputs found in the HI-STORM FSAR and CoC. However, it remains up to the user
to confirm that the ultimate conclusion of the 72.104. analysis remains valid (i.e.,
compliance is demonstrated) For example, a particular cask may have measured
surface dose rates above the calculated value, but other casks at the ISFI may have
lower than calculated surface dose rates, resulting in overall compliance with the
regulations.

Confirmation of Proper Cask Loading

Compliance with surface dose rate 11m1ts in the TS is not a rehable indicator of
proper cask. loading or consistency with the site-specific off-site dose analysis.
More specifically, if a,measured cask surface dose rate exceeds the cask TS limit,
certainly a mls-loadlng has occurred. However measuring a surface dose rate less
than the limit in no way assures that all contents loaded meet the CoC requirements.
This is because the actual contents of a cask loaded at a given general licensee’s
facility will never match the bounding design basis contents used in the licensing
basis shielding analyses. Individual fuel assemblies or non-fuel hardware not
meeting the CoC could be loaded with the overall effect on dose rate being
insignificant. Compliant cask loading is only assured through administrative
controls requiring appropriate verification and documentation of all cask contents
before loading.

Shielding Methodology

The methodology used to calculate single cask and whole ISFSI dose rates that
would be used in a radiation protection program is described in Chapter 5 of the
approved HI-STORM- 100 FSAR. We believe FSAR Chapter 5 includes sufficiently
detailed descriptions of shxeldmg methodology to ensure appropriate conservatisms
in the modeling are used in the site specific calculations. The shielding
methodology described in the FSAR is approved for use in evaluating proposed
changes under 10 CFR 72.48 and changing the methodology itself is appropriately
limited by the 10 CFR 72. 48 regulation. Therefore, the shielding methodology as
described in FSAR Chapter 5 and controlled through 10 CFR 72.48, should be
acceptable for use in determining site-specific cask dose rate limits. FSAR Chapter
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5 will continue to retain the results of the generic shielding analyses for design basis
fuel and non-fuel hardware. ’

Proposed Changes

Notwithstanding the above-arguments, based on discussions with the SFPO staff,
the proposed CoC changes have been modified as follows:

a.  Similar to existing requirements in CoC Appendix B, Sections 5.5.2.2 and
5.5.b.1 for user-performed structural calculations, proposed new TS 5.7 has
been revised to- explicitly- require those who calculate transfer cask and
overpack dose rates to use methodologies consistent with those in the HI-
STORM 100 FSAR. ~ o

b.  In order to balance the removal of the dose rate LCOs from the HI-STORM
TS, proposed new TS 5.7 has been revised to include more specific
methodology and input requirements applicable to anyone who performs
shielding analyses or evaluations of the HI-STORM 100 System, including
the evaluations required to demonstrate compliance with 10 CFR 72.104 and
evaluations of changes proposed under 10 CFR 72.48. Including these
methodology and input requirements directly in the TS limits the flexibility of

* users to change inputs and methodology even more than the 10 CFR 72.48
regulation already does.

2. Provide additional information to clarify the statement in Technical Specification
5.7, that a user may “establish a separate radiation protection program” from its 10
CFR -Part 50 radiation’ protection program. -Provide information in the SAR
concerning the programmatic structure and necessary elements of an alternate
radiation protection program including establishment of contamination limits, for an
ISFSI using the HI-STORM 100. :

Response

After further consideration, we have determined that this proposed change is
unnecessary and has been withdrawn from’the amendment request. Proposed
Technical Specification 5.7 has been revised accordingly.

3. Provide the methodology used to determine if contents can satisfy the criteria listed
in Technical Specification 2.3 of Appendix B, Deviations from Cask Content
Requirements.

A user that requests a deviation in allowable cask contents should use an
appropriate/approved methodology for determining whether the proposed contents
satisfy criteria number one and two of the proposed technical ‘specification. The
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methodology should establish acceptance criteria that define “an equivalent level of
safety” for new or different contents. The methodology should also discuss
limitations on important content parameters when proposing a change in cask
contents (e.g., what changes trigger the need for an amendment request). The
methodology should also specify appropriate design considerations and baseline
inputs and assumptions that are required to determine whether proposed new
contents provide “an equivalent level of safety” and satisfy applicable NRC
requirements.

At a minimum, an approved NRC methodology is one which contains: in depth
descriptions of acceptable analytical and computer code methods, assumptions, and
validations at all burnup levels; calculational packages and complete models;
qualifications demonstrating ability to utilize the NRC approved methodology;
examples of the types of changes which could be made; and any limitations on
methodology applicability.

Response

The basis for this request is consistent with the intent,of the provision in Section
2.2 of NUREG-1745, “Standard Format and Content for. Technical Specifications
for 10 CFR Part 72 Cask Certificates of Compliance”, yet is more conservative as
proposed HI-STORM 100 in LAR 1014-2. Proposed HI-STORM TS 2.3,
“Deviations from Cask Content Requirements” is more restrictive than the
analogous provision NUREG-1745 because the list of approved contents remains
the same as that currently in the CoC rather than being relocated to the FSAR.

The TS 2.3 provision is, requested to avoid unnecessarily impacting a general
licensee’s fuel loading schedule to accommodate a CoC amendment for a non-
safety significant deviation from the cask contents listed in the CoC. This provision
will also eliminate the need for licensees to request exemptions from the regulations
for reasons of schedule, to implement such a change. In many respects, this
proposed CoC provision is the same as the existing CoC provision for gaining NRC
approval of alternatives to the ASME Code.

In order to clarify this request, we provide the following information:

a. All requests for approval of cask contents deviations will be submitted to the
NRC by Holtec Interational in accordance with proposed TS 2.3. General
licensees will not be permitted to independently request approval of such
deviations.

b. All requests will include a basis and justification for approval that addresses the
effect, of the change on the various technical bases described in the FSAR.
These evaluations will be performed using the previously approved technical
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methodologies, as described in the FSAR and implemented in supporting
calculations.

c. The justification for each request will show that the requirements proposed in
TS 2.3.1 and 2.3.2 are met.

d. Each request will be applicable.to one or more general licensees, specifically
identified in the request, with the schedular need clearly articulated.

e. All approved deviations will be included in the next scheduled CoC amendment
request as permanent changes.

Proposed TS 2.3 has been modified in LAR 1014-2, Revision 1, to clarify and add
requirements consistent with the above list. The Summary of Proposed Changes in
the LAR package has also been rev1sed to clarify the justification for this requested
TS change.

4.  Provide a clarification of whether or not the HI-STORM 100 design is compliant
with the recently revised staff guidance regarding cladding temperature limits,
burnup levels, etc., contained in ISG-11, Rev. 2, Cladding Considerations for the
Transportation and Store of Spent Fuel, dated July 30, 2002.

If the design is not in compliance with this latest staff guidance, it will be necessary
to change all references of “Zircalloy (or other alloy of zirconium)” throughout the
Technical Specifications and the SAR, to clearly specify which alloy is being
requested ; i.e., zirc-2, zirc-4, ZIRLO, M5, OPTIN, etc. For those alloys other than
zirc-2 and zirc-4, it will be necessary to provide all data regarding the mechanical,
creep, and hydride propertles of the specific cladding type for the design
temperature/stress regimes.

Response

Holtec has reviewed the revised guidance in ISG-11, Revision 2 as it applies to both
the existing approved licensing ‘basis for the HI-STORM 100 System and the
changes proposed in LAR 1014-2. We have modified the proposed changes in
LAR 1014-2 and associated FSAR material to comport with the guidance in ISG-
11, Rev. 2. The new, single spent fuel cladding temperature limit of 400°C has
permitted us to eliminate the FSAR detail that currently describes how the
permissible spent fuel cladding temperatures were computed for low burnup fuel.
The changes in the guidance pertaining to peak clad temperature limits, cladding
strain, and cladding oxide thickness have also allowed us to completely eliminate
FSAR Appendix 4.A for high burnup fuel. The Summary of Proposed Changes
has been modified to add this item as new Proposed Change Number 15a in LAR
1014-2.
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Based on clarifying discussions with the NRC on ISG-11, the following positions
are also incorporated into LAR 1014-2, Revision 1:

a.

New definitions for the terms “commercial spent fuel”, “design heat load”,
“long-term storage”, “short-term operating conditions”, “thermal capacity”,
“threshold heat load”, and “ZR” have been added to the FSAR glossary (Table

1.0.1).

The permissible fuel cladding temperature limit for stainless steel clad fuel for
long term storage and short-term operating condition is set at 400°C, which we
understand is conservative compared to the limit currently contemplated for
stainless steel clad fuel. An alternative to this limit for moderate burnup fuel is
described in item ‘d’ below.

The permissible fuel cladding temperature limit for all off-normal and accident
conditions remains at 570°C (1058°F).

HI-STORM Amendment 1 was previously licensed for MPCs with decay heat
loads up to approximately 29 kW to be loaded. Vacuum drying is currently
permitted as the method of MPC cavity drying up to this heat load for moderate
burmmup fuel (< 45,000 MWD/MTU), based on a permissible fuel cladding
temperature limit of 570°C. In order to maintain this option of MPC drying and
this temperature limit, a lower threshold heat load is established whereby, for
higher heat loads, a “best-estimate” calculation of fuel cladding hoop stress is
required to demonstrate that the hoop stress is less than 90 MPa if fuel cladding
temperatures exceed -400°C but still remain less than 570°C. Please see
proposed changes to TS LCO 3.1.1, Surveillance Requirement SR 3.1.1.1 for
the details of MPC cavity drying.

There is no longer a distinction made in the CoC among the various zirconium-
based fuel cladding alloys. Consistent with ISG-11, revision 2, all zirconium-
based fuel cladding materials approved for reactor operations by the NRC’s
Division of Nuclear Reactor Regulation are considered authorized for loading,
subject to the other restrictions of the CoC.
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Chapter One, General Description

Provide a drawing of the MPC-32F.

Response

The MPC-32F design (like its approved cousins, the MPC-24EF and MPC-68F, and
MPC-68FF), differ from the base MPC-32 design only in the following ways (see
Proposed Change No. 2 in the LAR submittal):

a. The enclosure vessel shell is thickness is increased from % inch to 1 inch in the
top 9 inches.

b. The MPC lid diameter is reduced by one inch to accommodate the thicker upper
shell.

C. The MPC lid-to-shell weld size is increased from 3/4 -inch to liinc’h.

None of these differences affect 10 CFR 72 certification. All of these differences exist
solely to address a 10 CFR 71 structural load combination where the MPC acts as the
second containment barrier per 10 CFR 71.63(b) for canisters containing fuel debris.
-Because the MPC-32F will ultimately be dual-purpose certified under 10 CFR 71, fuel
debris must be stored at the ISFSI under 10 CFR 72 in an “F” model MPC to avoid re-
packaging for transportation. Proposed changes to FSAR Section 2.1.3 and proposed
new FSAR Figure 2.1.9 included in LAR 1014-2 explain and depict the differences
between all “F” model MPCs and their standard design counterparts. Therefore, no
drawing is necessary for the review.- After approval of Amendment 2 to the CoC,
appropriate changes to the design and hcensmg drawmgs for the MPC enclosure vessel
will be made to reﬂect MPC-32F.

Chapter Three, Structural
1. Provide calculations similar to those found in Appendix 3.AS for the MPC-32F.
2. Provide the updated calculation package which contains the supporting analytical

approaches and calculations which were previously included in Appendlces 3.B
through 3.AS.

Response

These Holtec-proprietary structural calculations are being provided under separate cover.
Separate calculation packages are provided for the MPC, HI-STORM overpack, and the
HI-TRAC transfer cask.
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Chapter Four, Thermal

1.

Provide the following supporting documentation, calculations, etc.:

a.  ANSYS analysis models in .db or .inp format which were used to obtain the
bounding PWR and BWR MPC regional effective thermal properties.

b.  Provide the new Figure 4.4.27.

c. Provide the updated calculation package which contains the supporting
analytical approaches and calculations for all the thermal analyses described
in Chapter 4 and Chapter 11.

Response

The Holtec-proprietary ANSYS models in .db and .inp format are being provided
under separate cover on a compact disk (CD). The CD also includes a “read me”
file providing instructions on how to use the model files. Figure 4.4.27 is included
in Revision 1 of LAR 1014-2. The thermal calculation package is being provided
under separate cover.

Revise Figures 4.4.16, 4.4.17, 4.4.19, 4.4.20, 4.4.26, 4.5.2, to clarify the units used
to report analysis results.

Response

The figures have been revised and are included in Revision 1 of LAR 1014-2.

Either change the “List of Effective Pages for Proposed FSAR Revision 27 to
reflect that Figures 4.4.16, 4.4.17, 4.4.19, 4.4.20, 4.4.26, are of “Revision 1,” or
submit the updated figures. Currently, the list shows the above figures as “Revision
2-9’

Response

The List of Effective Pages is correct. The missing figures are now included in
Revision 1 of LAR 1014-2.
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Chapter Five, Shielding

Provide a full description of the “vibration suppressor inserts,” and clearly describe the
differences and similarities” between these ‘components with burnable poison rod
assemblies.

Response

Vibration suppressor inserts, on the whole, are essentially identical to BPRAs. The top
portion of the inserts is identical to a BPRA. They are handled in the same manner as a
BPRA. The vibration suppressor inserts contain long rodlets similar to BPRAs, with the
main difference being that the rodlets in the vibration suppressor inserts do not contain
poison materials (i.e., the rodlets may be made of Zircaloy). Therefore, as far as the
analysis in the FSAR is concerned, the vibration suppressor inserts are considered to be
BPRAs and must meet the burnup and cooling time limits for BPRAs in the CoC.

Additional clarifying text has been added to the end of the first paragraph in the proposed
changes to FSAR Section 5.2.4.1.

Chapter Six, Criticality

1. Provide the locations of the missing rods for the MPC-32 damaged fuel analysis
as was done in Figures 6.4.2 to 8 for the MPC-24.

Response

FSAR Figures 6.4.2 through 6.4.8 show the missing fuel rod patterns used in the
MPC-68 analysis, as described in the titles of these figures. Damaged fuel is not
permitted to be loaded in the MPC-24, so no such analyses are performed. For the
MPC-24E, missing fuel rod patterns were analyzed, and the results are included in
FSAR Figure 6.4.14. However, since the bounding model for damaged fuel/fuel
debris (bare fuel pellets) results in significantly higher reactivities than missing
rods, the missing rod patterns were not included in the chapter for MPC-24E. For
the MPC-32, only the bounding bare fuel rod model is used and no missing fuel
rod patterns were analyzed, since the calculations for the MPC-24E show that the
bare fuel model is bounding. The main difference between the MPC-24E and the
MPC-32 ‘that could- affect the results of -the analyses is the soluble boron
concentration, which is much higher for the MPC-32 due primarily to the absence
of flux traps in the basket design. To show that, even for the high soluble boron
concentration, the oj)timum moderation occurs in the MPC-32, a study has been
performed for a variation in water density inside the DFC and the results are
shown in FSAR Table 6.4.13.
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Calculation packages are being provided separately that provide additional
information about the damaged fuel analysis approach. For the MPC-24E in fresh
water, this information is located in Report HI-951321, Attachment F, and for
borated water in HI-2012771, Appendix D. For the MPC-32, the information is
located in HI-2012771, Appendix C.

2. Provide sample input files for the MCNP runs of the MPC-32F, which describe
how the fuel debris was modeled. Provide a sketch of the model with a vertical
slice showing the key dimensions and the important features like the active fuel,
hardware, poison plates, MPC and cask structure, etc.

Response

Sample input files are being provided under separate cover. A vertical slice of the
principle geometry used in the criticality calculations is provided in FSAR Figure
6.3.7 for the HI-TRAC transfer cask and HI-STORM overpack, and in the HI-
STAR FSAR (HI-2012610), Chapter 6, Figure 6.3.7 for the HI-STAR (the HI-
STAR is used in most criticality analyses since the effect of the overpack on
reactivity, in either case, is negligible). A horizontal slice of the MPC-32 (and
MPC-32F) basket and HI-STORM overpack model is shown in Revision 1 of the
HI-STORM FSAR, Figure 6.3.5. An individual cell of the MPC-32 (with intact
fuel) is shown in FSAR Figure 6.3.2. The damaged fuel/fuel debris model in the
MPC-32 is essentially the same as the model shown in FSAR Figure 6.4.9 for the
MPC-68, with the DFC dimensions from new proposed FSAR Figure 2.1.2D
used. The various bare fuel rod arrays are described in Report HI-2012771,
Appendix C. An additional figure of an MPC-32 cell model with a DFC has been
added as FSAR Figure 6.4.17.

3. Provide information to quantify and apply the reactivity effect for off-center fuel
in the basket cells, per page 6-3 of NUREG-1536, Dry Cask Storage Systems.
Consider off-center configurations beyond the gratis example given in NUREG-
1536 (see NUREG-1567, Spent Fuel Dry Storage Facilities, Section 8.4.3.1, for
other examples).

Response

Calculations were performed to evaluate the off-center fuel in the MPC-24E and
MPC-32 fuel baskets. New FSAR Subsection 6.4.12 has been added to discuss
this condition. For the MPC-32, there is a slight increase in reactivity when all
assemblies are assumed to move toward the center of the cask. Reactivity remains
below the limit of ke < 0.95. Calculations are documented in HI-2012771,
Appendix 1.
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4.

Provide information for the cases in Figure 6.4.14 to enable independent
calculations. Include the variations in pitch or the fuel arrays, location of missing
rods for damaged fuel, configuration of collapsed fuel, and configuration of fuel
debris. "Show that this figure applies to the’5% fuel case with borated water.

Response

The information for the cases in ‘Figure 6.4.14 is documented in calculation
package HI-951321, Rev. 13, which was submitted to the NRC -with previous
license amendment request 1014-1 (see Holtec letter to the NRC dated July 3,
2001). Revision 16 of this calculation package is being provided under separate
cover. Also, see the reply to question 1 for further " dlscussmns on the
configurations analyzed. FSAR Figure 6.4.14; which was added fo the chapter in

FSAR Revision 1, shows results for the MPC-24E with unborated water. The

principal trend shown in this figure, specifically the distinct reactivity peak are
also found in the calculations for the MPC-24E with borated water and the MPC-
32.

Chapter Seven, Confinement Boundary

1.

Provide information to justify the gravitational settling values used in the
confinement analysis. The confinement analysis uses gmv1tatlona1 settling values
to reduce the amount of fines, volatiles and crud available for release from the
canister. Use of gravitational settling values in the confinement analysis is a
deviation from NUREG-1536, and Interim Staff Guidance (ISG) 5, Confinement
Evaluation. Deviations from the NUREG-1536, and ISG 5 must be described and
Justified.

‘Revise the SAR to provide the assumptions and calculations used to develop the

gravitational settling values for the -amended HI-STORM 100 design. The
assumptions and calculations should be in sufficient detail such that the staff can
independently confirm if the gravitational settling values used in the analysis are
appropriate for the HI-STORM 100 design and its contents. In addition, the
assumptions and calculations should be of sufficient detail such that the staff can
re-create these gravitational settling values.

Response

" Proposed changes to Chapter 7 of the' FSAR have been modified to describe the

methodology used to calculate the gravitational settling values credited in the
confinement analysis. Sufficient detail has been provided such that the staff will
be able to independently confirm the appropriateness of the gravitational settling
values. Table 7.2.2 (normal, off-normal conditions) and Table 7.3.9 (accident
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conditions) have been added to summarize the results of the calculation of
gravitational settling values.

2. Provide information to explain how the gravitational settling values were
incorporated into the confinement analyses.

The confinement analysis incorporates gravitational settling values which are not
described in NUREG-1536 and ISG-5. Any deviations from NUREG-1536 and
ISG-5, must be described and justified. Revise the SAR to describe how the
gravitational settling values were incorporated with the methodology of ISG-5.
The confinement evaluation should be in sufficient detail such that the staff can
independently confirm that the deviation from ISG-5 is appropriate for the HI-
STORM 100 design and its contents. In addition, the assumptions and
calculations should be of sufficient detail such that the staff can re-create the HI-
STORM 100 confinement analysis.

Response

Proposed changes to Chapter 7 of the FSAR have been modified to describe how
the gravitational settling values were incorporated into the confinement analysis.
Sufficient detail has been provided such that the staff will be able to
independently confirm the appropriateness of the application of gravitational
settling to the HI-STORM 100 design and contents. The confinement calculation
is being provided under separate cover.

Chapter Nine, Acceptance Tests and Maintenance Program

Provide the qualification and acceptance tests for the neutron absorber (METAMIC™),
mncluding the statistical acceptance criteria. Provide engineering, testing evidence that
the material functions according to the design requirements; i.e., Boron content,
temperature resistance over time, etc. Submit manufacturing procedures to verify the
quality of the material; i.e., how to avoid voids, assuring the Boron content, etc.

Response

EPRI Report 1003137 “Qualification of METAMIC® for Spent Fuel Storage
Application” provides the information requested pertaining to qualification and
acceptance testing of METAMIC® as a neutron absorber in dry fuel storage applications.
Holtec-proprietary Report HI-2022871, “Use of METAMIC® in Fuel Pool Applications”,
includes a detailed discussion of the use of METAMIC® 1n wet storage applications, but
also includes information germane to dry storage. Both of these reports conclude that
METAMIC® is well-suited for use in spent fuel storage casks. Furthermore,
METAMIC® has already been approved for use in dry storage under docket 72-1004 for
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the NUHOMS 61BT dry storage canister. We have confirmed that the NRC possesses a
copy of the EPRI report, and the Holtec report is being provided under separate cover.

The quality of the manufactured material will be verified in the same manner as the
quality of BORAL® neutron absorber material has been verified in the past. The tests and
inspections required of the manufacturer are discussed in FSAR Section 9.1.5.3. These
tests and inspections are implemented via the manufacturer’s procedures, which are
subject to audit and inspection by Holtec, its clients, and the NRC. The test results are
maintained in the quality documentation package for the MPC.

Chapter Ten, Radiation Protection

Provide occupational dose assessments that are based on the bounding bumup and
cooling times for the new proposed contents. Note, page 10-3 of NUREG-1536, states
that the following, “The applicant should use these data [SAR sections 5 and 8] to
estimate the dose "received by occupational personnel during cask loading and
transportation to the ISFSI.”

Response

Chapter 10 has been revised as requested to reflect dose rates that bound the burnups and
cooling times for the revised cask contents.
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TECHNCIAL ISSUES FOR FURTHER EVALUATION

Technical Specifications

1.

Provide an appropriate provision in Technmical Specification 3.1, LCO 3.3.1.e, if
the applicant’s intent is to request damaged fuel or fuel debris with enrichments
less than or equal to 4.0 wt%, as contents for the MPC-24E or MPC-24EF.

Response

Loading of damaged fuel and fuel debris with enrichments less than or equal to
4.0 wt% in the MPC-24E/EF was previously approved by the NRC in HI-STORM
CoC Amendment 1 and is not proposed to be modified in this amendment request.
No soluble boron is required for damaged fuel and fuel debris in the MPC-24E or
MPC-24EF with enrichments less than or equal to 4.0 wt% (see Table 2.1-2 in
Appendix B to the CoC, Row 4 and Note 7). Therefore, a provision in Technical
Specification 3.1, LCO 3.3.1.¢, is not necessary for this condition.

For the Technical Specification, Appendix B, Table 2.1-1, Item VIII.C., “Neutron
sources,” either add this item to the section in the SAR entitled, “CoC Markup,”
or delete it from the section entitled, “Revised CoC.” If the applicant’s intent 1s to
add Item VIILC. “Neutron sources,” then clearly describe what “neutron
sources” are being requested for contents in the MPC-32F. Provide isotopic
information, such as activity, decay time, etc. Perform a detailed shielding
analysis in Chapter Five of the SAR.

Response

This 1s an editorial error. No additional neutron sources are being requested for
authorization for loading in the HI-STORM 100 System. Therefore, “Neutron
Sources” has been deleted from LAR Attachment 4 entitled “Revised CoC.”

Chapter Five, Shielding

1

Provide information in Section 5.2, which specifies the expected error in source
term estimates for actinides and fission products important in shielding (e.g., Cs-
134 and Cm-244), and source term estimates for total decay heat, as a function of
requested burnup between 45 and 75 GWd/MTU.

Response

Durning the RAI process for the recently-approved HI-STORM Amendment 1, a
similar RAI (number 5-2) was received and answered by Holtec That RAI
response provides detailed information on this subject (see Holtec’s RAI response
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to the NRC dated July 3, 2001). Under Amendment 1 the allowable maximum
burnups for PWR and BWR that were approved by the NRC are 68,200
MWD/MTU for PWR and 59,900 MWD/MTU for BWR fuel. In LAR 1014-2,
Holtec is requesting an extension of these burnups to 75,000 MWD/MTU and
70,000 MWD/MTU for PWR and BWR fuel, respectively. Since the extension in
burnups being requested is relatively small, it is reasonable to assume that the
analytical methods, SAS2H and ORIGEN-S, which were approved for high
burnup fuel in LAR 1014-1, are still valid without additional studies.

2. Clarify how the burnup and cooling time combinations in Table 5.2.1 were
determined to bound the burnup and cooling time combinations in Appendix B of
the proposed CoC.

Response

The burnup and cooling times in FSAR Table 5.2.1 were meant to only refer to
the HI-STORM shielding analysis. The limits in the CoC are also a function of
the storage configuration (i.e., uniform or regionalized fuel storage). This
approach may have created some confusion in this amendment request because of
the different bumup and cooling times being analyzed for the HI-TRAC and HI-
STORM. Therefore, these two lines in the table have been removed. The
discussion in Section 5.1 provides the burnup and cooling time combinations that
were analyzed for the various MPCs in the HI-STORM overpack and the HI-
TRAC transfer casks. Section 5.1 also provides the explanation as to how these
burnup and cooling times were chosen. The burnups for the HI-STORM analysis
reported in Section 5.1 were chosen-at the 3 year cooling time to be slightly
higher than the values used for the HI-TRAC analysis. In both cases (HI-STORM
and HI-TRAC) the burnups used for the analysis bound the values in the CoC.

3. Justify in Section 5.4, why a burnup and cooling time combination of 43.5
GWd/MTU and 3 years is specified to produce the highest dose rates in the MPC-
24 in the 100-ton HI-TRAC, whereas Table 5.2.1 spemﬁes the bounding burnup
as 47.5 GWd/MTU.

Response

As a result of the changes in the thermal analysis, the allowable burnups have
changed. Therefore, the analysis in Section 5.4 has been revised with results
presented at different burnup and cooling time combinations. As stated in Section
5.1, the burnup and ‘cooling time'combinations for the HI- TRAC analysis were
chosen to bound the allowable burnup and cocling time combmatlons in the CoC.
Please also see the response to Question 2.
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4.

Justify in Section 5.4, why a burnup and cooling time combination of 70
GWd/MTU and 10 years was used to calculate dose rates from the MPC-24 in the
125 ton HI-TRAC, whereas Appendix B of the proposed CoC indicates fuel with
a burnup and cooling time of 75 GWD/MTU and 6 years may be authorized
contents.

Response

The analysis for the 125-ton HI-TRAC has been changed to reflect burnup and
cooling time combinations for the minimum cooling time and maximum burnups.
The new burnup and cooling time combinations for the 125-ton HI-TRAC bound
the values in the CoC.

Justify in Section 5.4, why a bumnup and cooling time combination of 45.5
GWd/MTU and 4 years cooling was used to calculate dose rates from the MPC-
32 in the 100-ton HI-TRAC, whereas Table 5.2.1 specifies the bounding burnup
and cooling time as 33 GWd/MTU and 3 years.

Response

As a result of the revised thermal analysis, the bumup and cooling time
combinations used in the shielding analysis have changed and a burnup and
cooling time combination at 4 years is no longer analyzed. However, the
previously reported values were correct and bounding. The previous analysis was
performed by choosing multiple burnup and cooling time combations for
cooling times ranging from 3 to 20 years. It happened that the burnup and cooling
time combination at 4 years produced slightly higher dose rate than the burnup
and cooling time combination at 3 years and therefore the results for 4 years were
reported in the FSAR. Please also see the response to question 2.

Chapter Six, Criticality

1.

Indicate which version of the HI-TRAC was modeled 1n the evaluations cited on
page 6.1-4 (the 100 ton model with 2.875” thick lead or the 125 ton model with
4.5” thick lead). Provide sketches of this model.

Response

The 125-ton HI-TRAC design was modeled in the evaluations. Sketches of this
model are shown in FSAR Figure 6.3.7 (axial configuration) and Figures 6.3.4
through 6.3 6 (cross sections for the different baskets). Note that the differences
in transfer cask designs has a statistically insignificant effect on reactivity
calculations.
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2.

Provide information to document the statement on page 6.2-1, which indicates
that ker is maximum for maximum active fuel length.

* Response

The information is provided in Report HI-951321, Attachment F, Page F-1-46.
Additional information has also been provided in FSAR Chapter 6 on pages 6.2-2
and 6.2-20.

Clanify the fuel debris model for case 3 on page 6.4-8 (e.g., describe the number

of pellets which change to powder. Indicate if clumps or chucks were
considered).

Response

A mixture of fuel and water was used in this analysis, i.e., other materials such as
fuel cladding were neglected. The fuel content was approx1mate1y 19 volume
percent. Clumps or chunks were not considered.

Provide statistical uncertainties to evaluate the significance of differences in
summary of results, for comparison of the detailed results in Appendix 6C.

Response

Statistical uncertainties for most calculations not listed in Appendix 6C are listed
in the corresponding calculation packages. To assist the reviewer in locating
information in the calculation packages, cross-reference tables are provided in
Report HI-2012771, Appendix J

Clarify how the data were obtained for Figure 6.4.10. Explain how it differs from
the data in Table 6.4.1.

Response

As stated in FSAR Section 6.4.2.1.1, data in FSAR Figure 6.4.10 is for 100
percent external water reflection, whereas data in Table 6.4.1 are for various
different values of external water reflection.

Explain how the mass of fuel per unit length was varied as cited on page 6.4-12.
Indicate if the density or diameter was changed, or if fuel rods were added to the
lattice.
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Response

The mass of fuel per unit length was varied by changing the number of fuel rods
in the DFC and the fuel rod diameter. The density remained unchanged (see
corresponding assumption in FSAR Section 6.1). For details see report HI-
951321, Attachment F, Pages F-1-105 through F-1-112.

7. Explain if the hypothetical fuel debris configuration referenced in the last
paragraph in Section 6.4.4.2.6, is the same as that described in item no. 4 of
Enclosure 1, or how it is different.

Response

The “hypothetical fuel debris configurations, i.e. various arrays of bare fuel rods”
discussed in the last paragraph in FSAR Section 6.4.4.2.6 for the MPC-32/32F is
principally the same as that used in the analyses for the MPC-24E/EF shown in
FSAR Figure 6.4.14. The sole difference is a difference in the pitch for a given
array size of bare fuel rods made necessary by the difference in the inner
dimension between the MPC-24E/EF DFC and the MPC-32/32F DFC.

8. Describe the studies referenced in the third sentence in the last paragraph on page
6.4-9.

Response
These studies are described in Report HI-951321, Attachment J.
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LAR 1014-2, REVISION 1 SUMMARY OF PROPOSED HI-STdRM 100 SYSTEM
CHANGES ) ' ‘

SECTION I =PROPOSED CHANGES TO CERTIFICATE OF COMPLIANCE 1014

Proposed Change No. 1

Certificate of Compliance, Section 1.b and Appendix B, Section 3.2:

Remove the specific reference to BORAL® neutron poison material to allow the
use of an alternate, equivalent neutron poison material, METAMICS, as defined |
in the FSAR . ‘

Reason for Proposed Changes .

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

Justification for Proposed Changes

METAMIC® neutron poison material has been demonstrated to be equivalent to
Boral in performing the design function of absorbing thermal neutrons.
METAMIC® is.also equivalent to BORAL®. in its' thermal, structural, and
shielding performance. The dimensions and tolerances for the fabrication and
installation of the METAMIC® neutron absorber panels’ are .identical to the
current BORAL® dimensions and tolerances.
EPRI Report 1003137, “Qualification of METAMIC® for Spent-Fuel Storage
Application” provides the pertinent qualification tests data for this material.
_ Holtec International proprietary Report HI-2022871, “Use of METAMIC® in
Fuel Pool Applications”, includes a detailed discussion of the use of METAMIC®
in wet storage applications, but also includes information germane to dry storage.
Both of these reports support the conclusion that METAMIC® is well-suited for
use in spent fuel storage casks. The EPRI report is already in NRC’s possession
and the ‘Holtec report is being submitted under separate cover. See proposed
revisions‘to FSAR Sections 1.2.1.3, 4.2, 5.3, 6.4.11, and 9.1 in Attachment 5 for
additional discussion.

[ 4 i

Note; Approﬁriate conforming editorial -changes to the MPC design drawings
will be made after approval of the CoC amendment.
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Proposed Change No. 2

Certificate of Compliance, Section 1.b and 9:; Appendix A, LCO 33.1; and |
Appendix B, Table 2.1-1:

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

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

Reason for Proposed Changes

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

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

Justification for Proposed Change

a. The addition of damaged fuel and fuel debris as authorized contents in the |
MPC-32 and MPC-32F has been analyzed and found to be acceptable.
The creation of MPC-32F entails only the thickening of the MPC shell at
the top (with an associated reduction in the diameter of the MPC lid) and
increasing the size of the lid-to-shell weld. This design difference is
exclusively needed for qualification of the dual-purpose MPC for 10 CFR
71 transport loads - see proposed changes to FSAR Section 2.1.3 and new
FSAR Figure 2.1.9. The rest of the MPC-32 and MPC-32F shell and
basket designs are identical. This is the same design detail previously
approved for the MPC-68F, MPC-68FF, and MPC-24EF in earlier CoC

amendments. Allowing users to load damaged fuel and fuel debris into
32-assembly MPCs instead of 24-assembly MPCs reduces the risk of
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operating events and reduces the overall dose to personnel from ISFSI
operations by reducing the total number of casks required to store a given
amount of spent fuel. The MPC-32/32F damaged fuel container is shown
in new FSAR Figure 2.1.2D. The technical evaluation is summarized
below by discipline.

Structural

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

Thermal

The storage of DFCs containing damaged fuel assemblies in the peripheral
fuel cells in MPC-32/32F is acceptable because, in a bounding evaluation,
the effect of the presence of DFCs on peak fuel cladding temperature is
negligible (i.e., much less than 1°F).
Shielding

Generic damaged fuel has been analyzed in the MPC-24 and ti1e MPC-68.
The effect of storing damaged fuel and the post-accident consequences of

collapsed damaged assemblies has been analyzed for the MPC-24 and the
MPC-68. The results presented in"the FSAR for the MPC-24 and the

" MPC-68 conclude that there is little effect on the external dose rates as a

result of storing damaged fuel assemblies in these baskets.

Since storage of damaged fuel in the MPC-32 is similar to the MPC-24
and MPC-68 in that a limited nimber of assemblies 'aré stored on the

- periphery of the basket, the effect on the external dose rates from storing

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

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

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

Confinement

There is no impact on the confinement analysis since damaged fuel and
fuel debris are not treated differently than intact fuel. The confinement
analysis described in FSAR Revision 1 is applicable to the MPC-32 with
damaged fuel and the MPC-32F with damaged fuel and fuel debris.

The re-formatting of the minimum boron concentration is consistent with
the supporting criticality evaluations. FSAR Section 6.4, and specifically
Section 6.4.2.1.2, (Attachment 5) contain the details of the supporting
evaluations. Users who previously may have had to increase the boron
concentration in the spent fuel pool to load an MPC-32, may not need to
do so if their normal spent fuel pool soluble boron concentration is
sufficiently high. The eliminates the radioactive waste produced when
boron concentration is temporarily increased for cask loading and
subsequently decreased for normal pool operation.
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Proposed Change No. 3

Certificate of Compliance, Sections 1.a and 1.b:

? Revise the wording in these two CoC sections as follows:

a.

Reason and Justification for Proposed Changes

a.

In Section l.a and the first paragraph of Section 1.b, delete the “100 or
100S” designation in the references to the HI-STORM overpack

In the second paragraph of Section'1.b, clarify thatxthe aluminum heat
conduction elements’' (AHCES) are optional hardware for MPCs loaded
under Revision 0 or Amendment 1 to the CoC and are prohibited for
MPCs loaded under Amendment 2 or later amendments.

Note: Conforming editdrial changes to the affected MPC drawings will
be made after approval of this amendmént request.

* In the third paragraph of Section 1.b, delete all information ‘pertaining to
- the authorized contents of each MPC model and add a statement defining

the suffix to the MPC model number.

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

#

In the fifth paragraph of Section 1.b: i) clarify the description of the
differences between the HI-STORM 100S and HI-STORM 100 overpacks,
i) specify number of overpack air inlets and outlets as minimums, and iii)
delete the terms “standard” and “short” from the dlscussmn of HI-STORM
100A.

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

For those MPCs loaded under CoC Amendment 2 or Iater the AHCEs are

“prohibited because they have not been included i’ the thermal evaluation

model. In the thermal evaluation for those MPCs loaded under the

* original CoC or ‘Amendment 1, the aluminum heat conductlon elements

were conservatively modeled as a flow restriction, but ho credlt was taken
for heat transfer through them in the bounding thermal ana1y51s presented
in FSAR Revision 1; therefore, the AHCEs are optional equipment for
MPCs loaded under the original CoC or Amendment 1. There are a
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number of MPCs that are, or will be loaded under the original CoC or
Amendment 1 that contain AHCEs. Therefore, this proposed change is
consistent with past and future MPCs and the supporting thermal analyses.
Sections 1.2.1.1 and 4.4.1.1.b of the proposed FSAR (Attachment 5) have
been modified appropriately to address this change.

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

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

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

Proposed Change No. 3a

Certificate of Compliance, Section 11:

Revise the wording in this CoC section as shown in the attached CoC markup to
reflect Amendment 2 as the latest amendment.

Reason and Justification for Proposed Change

Administrative change.

Proposed Change No. 4

Certificate of Compliance, Appendix A, SR 3. 1.1.1, SR 3.1.1.3 and Table 3-1:

a.

Revise Surveillance Requirement (SR) 3.1.1.1 and Table 3-1, and relocate
information previously in Table 3-1 to new Table 3-2 as shown in the
attached markup CoC to reflect necessary changes in requirements for
MPC cavity drying.
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b. Revise SR 3.1.1.3 to move the leakage rate acceptance criterion from

previous Appendix A, Table 3-1 to the SR itself. -

C. Revise the helium backfill requirements in new Table 3-2 (previously
'located in Table 3-1) as shown in the attached mark-up of the CoC.

Reason for Proposed CHanges

a. These proposed changes in MPC cav1ty drying requirements are necessary
as a consequence of higher authorized heat loads’ and the new peak fuel
cladding temperature limit suggested by ISG-11, Revision 2'. There are
now a variety of requirements and options based on the decay heat load of
the MPC and the burnup of fuel being stored (i.e. moderate - burnup versus
high burnup fuel). -

b. This is a human factors improvement. There is no change to the
acceptance criterion. ; :

c. - - This proposed change is a result of lessons leamed in the field on
lmplementmg the current helium backfill pressure requirement of 29.3 to
33.3 psig. Due to the accuracy of instruments available for performing
this activity in then field, more prec1510n was requued in estabhshmg the
appropnate range in the Technical Spe01ﬁcat10ns

Justification for Proposed Changes

a. The proposed ‘changes in'MPC cavity 'drying requrrements create the
necessary controls to ensure the peak fuel cladding temperature limit of
400°C is not exceeded during short term loadmg operations. They also
provide optional requirements (fuel cladding hoop stress calculations) for
MPC containing all moderate burnup fuel (< 45,000 MWD/MTU) to all
the fuel cladding temperature ‘to approach the previous licensing basis
limit of 570°C during vacuum drying, for heat loads up to those already
licensed in Améndment 1 to the CoC. - Any MPC contammg one or more
high burnup * fuel’ ‘assemblies must be*dried using the forced helium
dehydration method, in which case the 400°C temperature limit is ensured
for all-authorized heat loads. "See proposed changes to FSAR Section 4.5
in Attachment 5 and Holtec calculatlon HI 2002407 “for detalls of the
thermal analyses.

b. Human factors improvement.

! The modified MPC cavity drying requirements also reflect the fuel cladding lio'oii stress

calculation option to retain the 570°C temperature limit for moderate burnup fuel (< 45,000 MWD/MTU)
This is expected to be consistent with the soon-to-be-published ISG-11, Revision 3.
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c. The TS requirements for helium backfill more accurately account for the

potential range of instrument accuracies in the field, the different MPC
cavity drying methods, and the supporting thermal analyses. The thermal
analyses evaluate a lower bound helium backfill value that ensures a
sufficient density of helium is in the MPC to promote adequate
thermosiphon heat transfer. They also evaluate an upper bound value in
determining the pressure consequences of certain accident events, such as
extreme temperature and 100 percent fuel rod failure. See proposed
changes to FSAR Section 4.4.1 in Attachment 5 for additional
Justification.

Proposed Change No. 5

Certificate of Compliance, Appendix A, LCO 3.1.3 and associated Bases in FSAR

Appendix 12_A:

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

a.

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

Change the Completion time of Required Action A.2 from 22 hours to
“Immediately.”

Reason for Proposed Changes

a.

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

This change is required as a result of the new, lower peak fuel cladding
temperature limit of 400°C during short-term operating conditions,
including unloading operations.

Justification for Proposed Change

a.

Depending upon the decay heat in the cask at the time of unloading, it may
not be necessary to cool the contained helium with a recirculating helium
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cooldown system prior to re-flooding with water. The helium temperature- -
of very low decay heat load casks could be less than 200 degrees F at the
time of re-flooding with no” action required.” Alternatively, adequate
cooling of the helium inside the MPC may be able to be accomplished by
non-intrusive means, such as air or water apphed to the outside surface of
the MPC. ) -

* The ‘bulk temperature of the helium in the MPC and the fuel-cladding

itself, is predicted using a computational fluid dynamis' computer
program (FLUENT, FSAR Chapter 4) to license the cask for normal, off-
normal, and accident conditions of storage. ~ These same analytical
techniques, accepted as the basis for loading operations and long-term fuel
storage, can be used to predict the bulk helium temperature of an MPC

" designated for unloading. The actual characteristics of the MPC contents

(i.e., fuel type, presence of non-fuel hardware, time in storage) can be used
to conservati\iely predict the bulk helium temperature prior to re-flooding.
The " results of that prediction-would-then be used-to 'determine the
appropriate means (if any are necessary) and time frame to cool the bulk
helium-down to 200°F prior to re-ﬂoodmg in order to mmmnze thermal

stress in the fuel cladding. - R

The thermal analyses described in FSAR Section 4.5 indicate that there are
restrictions on'the time an MPC may reside in a HI-TRAC transfer cask,
based on the heat load of the MPC. Furthermore, unloading operations
taking place in a-decontamination pit or fuel vault require additional

" ‘restrictions. The specifics of what actions, if any, are requxred are detailed

in the proposed ‘modifications to the TS Bases in FSAR Appendlx 12.A

* (Attachment 5). -

" For loaded transfer casks located in an open area; such as a fuel ﬂoor'the

time'limits in CoC Appendix B, Section 3.4.10 app]y For transfer casks in

‘a pit or vault, the thermal analysis shows that, for MPC heat loads up to 25

kW, the steady state fuel cladding témperature does not exceed 400°C, so
adequate ‘cooling is provided and-no-further action is requlred For heat
loads above 25 kW with the transfer cask in a'pit'or vault, users must
ensure the applicable fuel cladding temperature limit is not exceeded
either by placing a limit on the length of time the cask can reside in the pit
or vault, or by prov1ded augmented cooling. The time limit or type of
augmented coohng is necessarily site-specific and is°left to the-user to

’ n".determme usmg the thermal methodologles in the HI-STORM FSAR.

. ' :
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Proposed Change No. 6

Certificate of Compliance, Appendix A, LCOs 3.2.1, 3.2.2. and 3.2.3: Action B.1
of LCO 3.1.2: and Section 5.0:

Delete LCOs 3.2.1, 3.2.2, and 3.2.3 and associated bases in FSAR Appendix 12.A
and replace them with new Technical Specification Program 5.7 for radiation
protection, located in CoC Appendix A, Section 5.0. Modify the Required Action
in LCO 3.1.2 to conform with this change.

Reason for Proposed Change

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

In addition, this change is proposed to be consistent with the guidance of
NUREG-1745, “Standard Format and Content for Technical Specifications for 10
CFR Part 72 Cask Certificates of Compliance” and with many plants’ Part 50
technical specifications. General licensees’ radiation protection programs that
implement the ALARA philosophy are considered sufficient to protect operations
personnel and the public and to ensure compliance with regulatory dose limits.

The program description also includes specific requirements on the methodology
and key inputs used in any shielding analyses and evaluations performed under
the program. These-additional requirements provide continued NRC control over
certain aspects of any shielding analyses and evaluations performed to
demonstrate compliance with off-site dose limits and in support of changes made
under the provisions of 10 CFR 72.48.

Justification for Proposed Change

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

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

program.

Proposed Change No. 7 ' -

r
-

Certi—ﬁcate of Compliance, Appendix B. Section 1.0, Definitions; Table 2.1-1,
Note 1 in Sections I, IV, V. VII. and VIII; and Note 3 of Table 2.1-8

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

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

Justification for Proposed Change

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

Proposed Change No. 8

Certificate of Compliance, Appendix A, LCO 3.3.1; Appendix B, Table 2.1-1,
Section IV; and Appendix B, Table 2.1-2:

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

Reason for Proposed Change

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

Justification for Proposed Change
Damaged fuel and fuel debris up to 5.0 wt.% 2*°U has been evaluated and found

to be acceptable for loading in the PWR MPCs. See Section 6.4.4.2.5 in the
attached proposed FSAR changes for detailed justification.

Proposed Change No. 9

Deleted
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Proposed Change No. 10 T A

* Certificate of Compliance, Appendix B, new proposed Section 2.3: -

)

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

Reason for Proposed Change

To provide i necessary flexibility for the NRC to review and approve, upon request

by Holtec, small deviations from the cask’contents limits in the CoC that have

been shown to have little or no safety significance. This change process, will

eliminate the need for licensees to request exemptions from the regulations or

significantly delay their fuel loading schedules for small, non-safety significant
) changes to the CoC cask contents on a case- specrﬁc basis.

Justification for Proposed Change o
This proposed change is consistent with NUREG-1745, “Standard Format and
Content for Technical Specifications for 10 CFR Part 72 Cask Certlﬁcates of
Compliance.” NUREG-1745 also suggests moving some *of the cask contents
limits to the FSAR. However, Holtec has chosen to leave all cask contents
parameters the same as currently found in the CoC (although some of the values
for those parameters are proposed to be changed in this amendment request). This
is conservatrve since a CoC amendment would still be necessary to permanently
change any of the parameters (or the values) in’ the CoC mcludmg any case-
specific changes approved by the NRC under thrs ‘process. The flexibility
permitted by this proposed change is appropriate because there may be instances
where cask users” fuel or other contents have slight dev1at10ns from the limits in
the CoC,-where there is little or no safety concem w1th grantmg the deviation on a
case-specific basis.

"This change process allows Holtec 10’ support our customers fuel loading
schedules without the users havmg to request exemptrons from the regulations for
small deviation from the approved contents section of the CoC. Holtec will then
pursue a permanent change to the parameter ‘or value on a "normal ' priority
schedule, using the CoC amendment 'process. Overall, this change process
eliminates unnecessary regulatory burden in an area of little or no safety
significance, but retains the requirement for prior NRC approval of cask contents
changes.

P

PN ¢
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Proposed Change No. 11

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

Revise Table 2.1-1, delete Tables 2.1-4 through 2.1-7, and create new Section 2.4
in Appendix B as shown in the attached markup of the CoC to provide new
(higher) limits for fuel assembly decay heat and burnup as a function of cooling
time and as a function of fuel array/class. Modify the Completion Times for
Required Actions B 3.2.1 and B 3.2.2 to reflect the revised blocked duct accident
analysis. Modify the acceptance criterion for temperature measurement in SR
3.1.2.1 to be 158°F to conform to these changes. See also Proposed Change 15a.

Reason for Proposed Changes

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

Justification for Proposed Change
Thermal

The previous burnup and decay heat limits were distinguished only by PWR or
BWR fuel type for each MPC model. The revised limits are specified by fuel
array/class and MPC model to provide an improved specificity for the various fuel
types. The new limits appropriately reflect the ability of the HI-STORM 100
System to reject more heat than previously authorized, while still retaining
adequate margins to the various limits (see revised FSAR Section 4.4 in
Attachment 5). Placing the higher burnup fuel in the central core of the basket,
surrounded by lower burnup fuel reduces the overall dose to personnel and the
public from ISFSI operations due to the self-shielding phenomenon of the fuel
assemblies. See proposed revisions to FSAR Section 4.4.1.1.9 (Attachment 5) for
additional justification. The permissible fuel cladding temperature limit used to
determine the maximum cask heat loads are consistent with ISG-11, Revision 2.
(see also Proposed Change Number 15a).

Shielding

The shielding analysis in Chapter 5 of the FSAR has been modified to reflect the
changes in the allowable burnup and cooling times by changing all dose rate
calculations using the design basis fuel assemblies, B&W15x15 and GE7x7. The




U. S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Document 1D 5014469

Attachment 2

Page 15 of 23

source terms have also been changed appropriately. The choice of design basis
fuel ‘assembly for the shielding analysis remains the same. Section 5.2 has been
modified slightly to address the fact that the drfferent array classes have different
bumup and cooling times as a result of this change The desrgn basis assemblies
remain valid bécause the analysis in Chapter 5 uses the maximum burnup from all
array classes for'a given cooling time. This is described in Section 5.1 of the
proposed Revision 2 FSAR (Attachment 5).

In conjunction with calculating the allowable burnups for the different array
classes, Tables 5.2.25 and 5.2.26 have been slightly modified. In Table 5.2.25, the
pellet diameter and resulting uranium loadings of three of the assemblies have
- "been increased to be consistent with the maximum perm1551ble value in the CoC.
In Table 5.2.26, the 9x9 assembly has been modified to reflect the 9x9 array class
which now has the highest decay heat load for the specified burnup and cooling
time in that table.
In the calculation of the allowable burnups for the different array/classes an
additional change was made in the shielding analysis. Rather than use the same
power level of 40 MW/MTU for all array/classes, the power per assembly was
calculated for each reactor type and-increased by 10 or 20% to account for
potential power uprates for the PWR and BWR plants, respectively. Tables 5.2.25
and 5.2.26 reflect this change as does Section 5.2.5 in Attachment 5.-

Accidents

Placing the relatively hotter fuel assemblies in the center of the MPC basket by
design obviates the need to analyze a fuel assembly mis-loading accident. This is
because, as described in'FSAR Section 4.4.1.1.9, the inadvertent loading of a
hotter fuel assembly on the periphery is -actually more' adva‘ntagéous”from a
thermal perspective (i.e., the heat rejection 'of the cask system would be better
with hotter assemblies on the periphery of the fuel baskét) From a shielding
perspectrve the mis-loading of an assembly would result in a small,’ localized

-+ increase in the contact dose rate on the cask and would be 1mpercept1ble at the
controlled area boundary

The 100% air duct blockage acc1dent was re- analyzed for two threshold heat
loads.” This re-analysis is-discussed-in FSAR Section 11.2.13 (Attachment 5).
The results of the analyses show that, for heat loads < 27.74 kW (the Amendment
1 maximum heat load), no components reach their short term temperature limit.
For a bounding heat load of 41.22 kW, no components reach their short term
temperature limit for 33 hours. The Completion Times for Required Actions
B3.2.1 and B3.2.2 have been revised to reflect these results. Note also that the
basis for the revised Completion Times no longer includes the assumption that the
complete blockage of all inlet ducts occurs immediately after completion of the
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last surveillance. This change is consistent with the bases for Completion Times
in power reactor technical specifications, which are developed assuming that the
degraded condition begins at the time the component or system is declared
inoperable’. It is not required to assume the component or system has been
inoperable since the last successful completion of the Surveillance Requirement.
See also the Bases for LCO 3.1.2 in FSAR Appendix 12.A (Attachment 5).

Proposed Change No. 12

Certificate of Compliance, Appendix B, Tables 2.1-2 and 2. 1-3:

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

Reason for Proposed Changes

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

Justification for Proposed Change

The allowable burnups as a function of cooling time are calculated using the
allowable decay heat as an input. Source term calculations are performed to
determine the burnup that produces the allowable decay heat for a specified
cooling time. One of the key inputs in the source term calculations is the uranium
mass loading. The maximum uranium mass loading has historically been
specified in the CoC for the HI-STORM system and has always been a quantity
derived from the shielding analysis. Therefore, this change is being made to
maintain the uranium mass loading values consistent with the shielding analysis
used to determine the allowable burnups. The maximum uranium mass loadings
in the CoC are not based on the criticality analysis or the thermal analysis and
changes to these mass values do not reflect changes in the criticality or thermal
areas.

2

This is not to say the actual point of inoperability is not an issue to be investigated through the root

cause evaluation conducted n accordance with the corrective action program, if necessary.
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Proposed Change No. 13

Certificate of Compliance, Appendix B, Table 2.1-8:

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

f

Reason for Proposed Changes

* Feedback from our clients has indicated that the aliowable burnups versus cooling
time for some of the non-fuel hardware is unnecessarily restrictive. Therefore, the

** allowable burnups for a given coohng time are proposed to be mcreased for non-
fuel hardware inserts.

" Justification for Proposed Change
The allowable burnups for the non-fuel hardware are derived from the shielding

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

Proposed Change No. 14

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

a. Change “Exceptions” to “Alternatives” throughout the section. e

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

c Add the new and revised ASME 'Code “aliernatives as shown in the
attached mquup of the CoC.
d: - Add “on’a case-specific basis” to the requlrements related to altematlves

'to the Code as shown in the attached markup of the CoC.
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€.

In the second paragraph of the justification for the alternative to Code
Article NB-6111, change “process” to “results” and add “relevant” before
“findings.”

Reason and Justification for Proposed Changes

a.

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

Code Sections V and IX are periodically revised by the ASME to more
closely reflect the state of the art in NDE and welding. It 1s prudent to
require the performance of these activities to be in accordance with the
latest techniques endorsed by ASME. This change does not affect the
design or analysis of the storage system in any manner and is consistent
with the current practice of the fabricator of the components governed by
the Code.

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

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

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

Proposed Change No. 15

Certificate of Compliance, Appendix B, Section 3.5:

Revise the text in Appendix B, Section 3.5.1 as shown in the attached markup to
the CoC. These changes are made to maintain consistency with similar wording in

CoC Appendix A, Section 5.5.

Reason and Justification Proposed Change

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

L N - . -
. .

Proposed Change No. 15a

Certificate of Compliance, Appendix A, LCOs 3.1.1.3.1.2. 3.1.3, and Section 5.6;
and Appendix B, Section ‘1.0, Section 2.1.2. Section'2.1.3. Tables 2.1-1 through
2.1-3, Tables 2.4-4 through 2.4-8, and new Section 3.4.10:

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

Reason and Justification Prdposed Changes

These changes reflect the necessary modifications to the CoC to adopt the revised
review guidance contained in ISG-11, Revision 2. The changes to the CoC are
consistent with the guidance with regard to the authorization for storage of any
fuel cladding matenal previously approved by NRR for use in a commercial
reactor, the elimination of fuel claddmg oxidation thickness as a criterion for
" classifying fuel as’ damaged, the elimination of the conﬁnement source term
penalty factors for high burnup fuel, and the use 'of a smg]e ternperature limit for
long-term storage and short-term operating conditions (e.g., vacuum drying). The
supporting justification for these changes is contained in proposed changes to
FSAR Chapter 4, with conforming changes in FSAR Chapters 1, 2, 5, 8, 10 and
12, and in the thermal-hydrauhc calculation package, HI-2002407. Please also
see the response to Question' 4 in*Attachment 1 to this submittal in the section
; entltled “Informatlon Needed To Revxew HI-STORM 100, Amendment 2.7

L
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SECTION II - PROPOSED CHANGES TO THE FSAR

Proposed Change No. 16

Changes to FSAR Chapter 2, Tables 2.2.1 and 2.2.3:

a.

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

Revise the normal temperature limit for the overpack lid top plate as
shown in FSAR Table 2.2.3 from 350°F to 450°F in the attached proposed
FSAR markups (Attachment 5).

Reason for Proposed Change

aandb. Increasing these pressure and temperature limits is necessary to

support the increased thermal loads being proposed elsewhere in
this amendment request.

Justification for Proposed Change

a.

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

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

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

The missile impact on the top lid was re-evaluated for the increased lid
plate design temperature. The allowable stress is slightly reduced and the
safety factor is reduced accordingly, but still shows a safety margin of 33
percent. See proposed FSAR Section 3.4.8.1 (Attachment 5) for more
detailed discussion of this event.

|
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Proposed Change No 17 . ¢

Y

Changes to FSAR Chapter 3 and Chapter 7

Delete Appendlces 3 B thru 3 AS and 7.A in their entirety- and -re-locate this
information to the ‘supporting calculation package. Create new FSAR Subsection
.3.4.4.3:1.8 to address some of these calculation results. ot |

oty

Reason and Justxﬁcatlon for Proposed Change

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

5

Proposed Change No. 18

Changes to FSAR Chapter 7

a. Revise the confinement methodology to account for grav1tat1onal settlmg
of certain isotopes in the MPC cav1ty :

b. Revise the conﬁnement analy51s to remove the source term penalty factors
previously included in ISG-11, Revision 1 for high burnup fuel.

Reason for Proposed Changes= " g a - L.

a. 'Ihe current conﬁnement methodology is unnecessarily. conservatlve by l
not accounting for the gravitational settling of the fines, volatiles, and crud
inside the MPC. This may cause some plants, with large ISFSIs or
relatively close site boundaries to significantly overestlmate effluent doses
from the ISFSI. ; s

b. This is a confonning change to make the confinement analysis agree ‘with
the relevant review guidance in ISG-11, Revision 2. Otherwwe the

- analysxs remains consistent with ISG-5, Rewsxon 1. I R
.l; ; ' - ‘f AN ,7" 3 . - r(" 2

J ustlﬁcatlon for Proposed Changes

¢“ e ¢ ' ¢ 1 v - ~ ot - . . N

ey

3

a. - The Holtec MPCs are redundant welded stamless steel canisters de51gned |
and manufactured in accordance. with the most rigorous ‘ASME Code
(Section III, Subsection NB). Analyses show that leakage from the MPC
confinement boundary is not credible. However, the licensing basis
currently includes analyses of hypothetical (non-mechanistic) leakage
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during normal, off-normal, and accident conditions of storage. This new
methodology incorporates the effects of the gravitational settling, as
discussed in NRC Report SMSAB-00-03, “Best-Estimate Offsite Dose
from Dry Storage Cask Leakage” while still maintaining other
conservatism previously included in the confinement analysis. This
methodology is described in the proposed changes to the FSAR contained
in Attachment 5. This is also a deviation from ISG-5 in that ISG-5 does
not currently recognize gravitational settling. This deviation has been
listed in FSAR Table 1.0.3.

b. This change is consistent with ISG-11, Revision 2.

See also Holtec Report HI-992258, “HI-STORM Confinement Analysis”
submitted under separate cover

Proposed Change No. 19

Change to FSAR Chapter 11

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

Reason and Justification for Proposed Change
The three-ducts blocked condition was previously included in the FSAR for
comparison purposes only. This comparison is now being removed. The design

basis off-normal condition is two ducts blocked and the design basis accident
condition (FSAR Section 11.2.13) is all ducts blocked.

Proposed Change No. 20

Changes to FSAR Chapter 13

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

The NRC has approved Revision 13 of Holtec’s QA program under 10 CFR 71
(Approval 71-0784, Rev. 3). Holtec also uses this QA program to control activities
important to safety that are performed under 10 CFR 72 as permitted by 10 CFR
72.140(d). Including the same, or similar QA program information in FSAR Chapter 13
is unnecessarily redundant. This change is similar to that approved for other Part 72
general certifications (e.g., Fuel Solutions, Docket 72-1026). In accordance with 10 CFR
72.140(d) The Holtec QA program also meets the supplemental recordkeeping
requirements of 10 CFR 72.174 for use under Part 72.
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The U.S. Nuclear Regulatory Commission is issuing thls Certificate of Compllance pursuant to Title 10 of the Code of Federal
Regulations, Part 72, "Licensing Requirements for Independent Storage of Spent Nuclear Fuel and High-Level Radioactive Waste""
(10 CFRPart72) This certificate is issued in accordance with 10 CFR 72.238, certifying that the storage design and contents
described below meet the applicable safety standards set forth in 10 CFR Part 72, Subpart L, and on the basis of the Final Safety
Analysis Report (FSAR) of the cask design. This certificate is conditional upon fulfilling the requirements of 10 CFR Part 72, as
applicable, and the conditions specified below. i

Certfficate No Effective Date -] Expiration Date | Docket Number - Amendment No. Amendment Date Package Identffication No

1014 05/31/00 06/01/20 721014 - 42 ) USA/72-1014
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Holtec Center
655 Lincoln Drive West
Marlton, NJ 08053 o B
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Safety Analysis Report Title s - .‘i‘»"_’" i

Docket No. 72-1 014

CONDITIONS e T

This certificate is conditioned upon fulfrllmg the requrrements of 10 CFR Part 72 as appllcable the attached Appendix A
(Technical Specifications) and Appendlx B (Approved Contents and Desrgn Features) and the conditions specified
below: s i

1. CASK LEe

The HI-STORM 100 Cask System (the cask) consrstsgof the followmg components (1) mterchangeable multi-
purpose canisters (MPCs) Wthh contain the fuel; (2) a s‘torage overpack (HI -STORM -1-99—er—199-8) which
contains the MPC during storage and (3) a transfer cask (HI-TRAC) which contains the MPC

during loading, unloading and transfer operations. The cask stores up to 32 pgessunzed water reactor (PWR),

fuel assemblies or 68 boiling water reactor (BWR) fuel assemblies '{:‘i‘ -
\, Y .:‘é‘ s & ;1:“’
b. Description S c‘%év «“ s ' e -

The HI-STORM 100 Cask System i1s certified as described in the Final Safety Analysis Report (FSAR) and in
the U. S Nuclear Regulatory Commission’s (NRC) Safety Evaluation Report (SER) accompanying the
Certificate of Compliance. The cask comprises three discrete components the MPCs, the HI-TRAC transfer
cask, and the HI-STORM 468-e++86& storage overpack.

The MPC 1s the confinement system for the stored fuel It is a welded, cylindrical canister with a

honeycombed fuel basket, a baseplate, a lid, a closure ring, and the canister shell. Itis made entirely of
stainless steel except for the neutron absorbers and epteral aluminum heat conduction elements (AHCEsS)
AHCEs are optional for those MPCs loaded under the original CoC or Amendment 1. AHCEs are not permitted
for those MPCs loaded under Amendment 2 or later amendments to this CoC. The canister shell, baseplate,
lid, vent and drain port cover plates, and closure ring are the main confinement boundary components The
honeycombed basket, which is equipped with Berat neutron absorbers, provides criticality control.
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Description (continued)

There are seven eighttypes of MPCs: the MPC-24, MPC-24E, MPC-24EF, MPC-32, MPC-32F, MPC-68, MPC-

68F, and MPC-68FF. The number suffix indicates the maximum number of fuel assembhes perm/tted tobe
loaded in the MPC. % 4 -

ctha et T
mESToetHHact

MWW Allseveﬁ e/ghtMPC models have the same

external dimensions.

s* bl
‘%-); } ,,{9
“ Ty

The HI-TRAC transfer cask provndes shielding and structural protectnon of the MPC dunng toadmg, unloading,
and movement of the MPC from the spent fuel pool to the storage overpack. The transfer cask is a multi-walled
(carbon steel/lead/carbon steet) cylindrical vessel with a water jacket attached to'the extenor Twotypessizes

of HI-TRAC transfer casks are avartable the 125 ton-HI-TRAC and the 100 ton HfTRAC The welght
designation s the maxrmum weight ofd Ioaded transfer cask dunng any Ioadqng. unloading or transfer operation.
Both transfer cask typeesrzes have |dent|cal cavrty dxameters The 125 ton HI-TRAC transfer | cask has thicker
lead and water shxeldmg and larger outer d| ensnons than the 100 toh Hl- RAC transfer cask >

;; ,&,,tf;g,\!k J
The HI-STORM 100 of 100s storage overpack prov es shletdmg and structural protectlon of the MPC during
storage. The HI- STORM .100S is“a‘ ’ foR ¥ varlatlon of the HI-STORM 10(} overpack design that
includes wih a modified lid éeefgfi?ﬂ'éerpefatfﬁg whlch mcorporates the arr outlet ducfs into the lid, allowing the
overpack body to be shortened. The overpack isa heavy alled steel andc ncrete cyhndncal vessel Ms side
wall consists of plain (un—remforced) concrete that is encloseghbetween Inner nd outer carbon steel shells. The
overpack has a m/mmum offour air ihlets at the Bottom and a m}mmum of foyr air outlets at the top to allow air
to circulate naturally througtJ the cavnty to cool the MPC msnde~ The rnne{ shzell has channets attached to its
interior surface to guide the MPC during insertion and removal prowde a flexible medlum to absorb impact
loads, and allow cooling air to cnrgutate through the overpack A loaded MPC is stored wnthm the HI- STORM

100 or 100S storage overpack in a vertxcat orientation The HI-STORM 100A 15 4, vanant of the HI-STORM 100
family and is outfitted with an extended baseplate and gussets to enable the overpack to be anchored to the
concrete storage pad in high seismic applications. :The HI- STORM 100A applles to both the sterdard{HI-

STORM 1003 and sker{HI-STORM 1005} overpacks that aré cIassnt"ed as the HI-STORM 100A and HI-STORM
1008SA, respectively

g™

OPERATING PROCEDURES

Written operating procedures shall be prepared for cask handling, loading, movement, surveillance, and

maintenance. The user's site-specific written operating procedures shali be consistent with the technical basis
described in Chapter 8 of the FSAR

ACCEPTANCE TESTS AND MAINTENANCE PROGRAM

Whritten cask acceptance tests and maintenance program shall be prepared consistent with the technical basis
described in Chapter 9 of the FSAR.




NRC FORM 651A . U.S. NUCLEAR REGULATORY
3-1999
10 CFR Y2 CERTIFICATE OF COMPLIANCE Certificate 1014

FOR SPENT FUEL STORAGE CASKS
Supplemental Sheet Page 3 of

QUALITY ASSURANCE

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

HEAVY LOADS REQUIREMENTS

Each Iift of an MPC, a HI-TRAC transfer cask, or a HI-STORM 100 or 100S overpack must be made in
accordance to the existing heavy loads requirements and procedures of the llcensed facrhty at whlch the

Sections 3 4.6 and Section 3.5 of Appendlx B to this certificate, as applicable: ;

“} ]

APPROVED CONTENTS

Contents of the HI- STORM 100 Cask System must meet the fuel specrfcatrons ngen m Appendlx B to this
certificate. ¥, & . . IR

g,
\v&fw T *‘

) or ancrllary equrpment muzst be'in accordance wrth Appendrx Bto
i ,,.; 54 ré,&g ¥

Frdiag ¥
Faul

S "? %, 14 : i ;

The holder of this certrffr»catte who desrres to make changes (0] {he certrfrcate whr"
(Technical Specifications)and Appendlx B (Appro!ed Conte s andbesr '
application for amendmeni of the certrﬂcate SR =

-y 5 R
SPECIAL REQUIREMENTS‘!;;:OR FIRST SYSTEMS INPL@CE‘} d T,

Y] )
% h

The heat transfer charactenstlcs of the cask system will be recorded by temperat%re measurements for the first
HI-STORM Cask Systems (for each thermally umque MPC basket desrgn MPC-24124E124EF MPC-32/32F,
and MPC-68/68F/68FF) placed into service by any, user wnth 2a heat load equal toor greater than 10 kW. An
analysis shall be performed that demonstrates thel temperature measurements validate the analytlc methods
and predicted thermal behavior described in Chapter 4 of the FSAR. ~

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. -

-\




NRC FORM 651A . U.S. NUCLEAR REGULATORY

3-1999
YocrR72 CERTIFICATE OF COMPLIANCE Certificate 1014

FOR SPENT FUEL STORAGE CASKS
Supplemental Sheet Page 4 of

PRE-OPERATIONAL TESTING AND TRAINING EXERCISE

A dry run training exercise of the loading, closure, handling, unloading, and transfer of the HI-STORM 100 Cask
System shall be conducted by the licensee prior to the first use of the system to load spent fuel assemblies.

The training exercise shall not be conducted with spent fuel in the MPC. The dry run may be performed in an
alternate step sequence from the actual procedures, but all steps must be performed The dry run shall include,
but is not limited to the following:

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

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

Selection and verification of specific fuel assemblxes to ensure type conformance.

Loading specific assemblies and placmg assembhes mto the MPC - (using a dummy fuel assembly),
including appropriate mdependent Verification. I

Remote installation of the MPC hid and removal of the MPC and transfer cask from the spent fuel pool

<“-u e ks

MPC welding, NDE lnspectlons hydrostatic testing, draining, moisture removal {by vacuum drying or
forced helium dehydratlon as apphcable) hehum backfilling, and Ieakage testmg (A mockup may be
used for this dry-run exercise.) =, -

3 .
Transfer cask upendmg/downeh 9%,,. the honzontal transfer traller or other transfer devnce, as
applicable to' the site’s cask handll 1z r{éngem;ent. :

Gty : s v,

2.
% * si} ,,‘.-«J:»wmw'- H

Transfer of the MPC from t e transferéask tothe overpaek

ol

£ .
Placement ofthe HI- STORM 100 Cask Syste

The HI-STORM 100 Cask System whxch is authorized by this certificate, is hereby a;;oved for general use by
holders of 10 CFR Part 50 licenses for nuclear reactors at reactor sites underthe general license 1ssued
pursuant to 10 CFR 72.210, subject to the condmons spec1f‘ed by.10 CFR 72. 212, and the attached Appendix A
and Appendix B All HI-STORM 100 Cask Systems must bé fabricated and used in accordance with CoC No
1014, Amendment No 42; except that general licensees may use the HI-STORM 100 Cask Systems that were
fabricated in accordance with the original CoC or Amendment 1.

FORTHEU S. NUCLEAR REGULATORY COMMISSION

E. Wiliam Brach, Director

Spent Fuel Project Office

Office of Nuclear Material Safety
and Safeguards

Attachments

1. Appendix A

2. AppendixB
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3.1 SFSC INTEGRITY

3.1.1 Multi-Purpose Canister (MPC)

LCO 3.1.1
APPLICABILITY:

ACTIONS

NOTE--

Multi-Purpose Canister (MPC)

The MPC shall be dry and helium filled.

3.1.1

During TRANSPORT OPERAT_IONS and STORAGE OPERATIONS. -

Separate Condition entry is allowed for each MPC.

CONDITION

REQUIRED ACTION

COMPLETION
TIME

A. MPC cavity vacuum
drying pressure or
demoisturizer exit gas

temperature limit not met.

>

N

Perform an engineering
evaluation to determine the
quantity of moisture left in the
MPC.

D

A2 De\)eldp and initiate

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

7 days

30 days

B. MPC helium backfill limit

not met.

Perform an engineering
evaluation to determine the
impact of helium differential.

AND

B.2 Develop and initiate

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

72 hours

14 days

Certificate of Compliance No. 1014
Appendix A

3.1.11



Muiti-Purpose Canister (MPC)

3.1.1
ACTIONS
(continued)
_ﬁ————%
CONDITION REQUIRED ACTION COMEI\LA%T'ON
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.

Certificate of Compliance No. 1014
Appendix A 3.11-2
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" Multi-Purpose Canister (l\g.lj%)

SURVEILLANCE REQUIREMENTS
SURVEILLANCE FREQUENCY
SR 3.1.1.1 Ferthose-MPCs-containing-altmederate-burntp{< | Once, prior to

45.006-MWBMTUHuelassembliesverify- MPE TRANSPORT
cavity-vacuum-drytng-pressure-is-within-the dimit OPERATIONS

;

ts<21"FHor=>-30-minutes:

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

/ |
SR 3.1.1.2 Verify MPC helium backfill density-orpresstre Once, prior to |
quantity is within the limit specified in Table 3-+2 TRANSPORT
for the applicable MPC model. OPERATIONS
SR 3.11.3 Verify that the total helium leak rate through the Once, prior to
MPC lid confinement weld and the drain and vent TRANSPORT
port confinement welds is < 5.0 x 10° atm-cc/sec. OPERATIONS |
MRCtredel I
/ Certificate of Compliance No. 1014

Appendix A 3.1.1-3



SFSC Heat Removal System
3.1.2

3.1 SFSC INTEGRITY

~ 31.2 SFSC Heat Removal System
LCO 3.1.2 ) The SFSC Heat Removal System shall be operable
APPLICABILITY: - Dunng STORAGE OPERATIONS.
ACTIONS LT
NOTE
Separate Condition entry is allowed for each SFSC.
L
CONDITION - _ REQUREDACTION- [ COMPLETION
A. SFSC Heat Removal A.1 Restore SFSC Heat Removal 8 hours
System inoperable. System to operable status. - Tl
B. Required Action A.1 and B.1 Perdom-SR323+ Measure Immediately and
- associated Completion - - SFSC dose rates in once per 12 hours - -
Time not met. accordance with the Radiation thereafter
Protection Program.
AND
\_/ B.21  Restore SFSC Heat 4864 hours, if MPC
Removal System to heatload is < 28.74
operable status. kw
OR
25 hours, if MPC
heat load is > 28.74
kW
OR
B.2.2 Transfer the MPC into a 4864 hours, if MPC
TRANSFER CASK. heatloadis <28.74
kW
OR
25 hours, if MPC
heatload is > 28.74
kW
\/ Certificate of Compliance No. 1014
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SFSC Heat Removal System u

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

monitoring equipment, verdy that the difference
between the average OVERPACK air outlet
temperature and ISFSI ambient temperature is
< 426158°F.

Certificate of Compliance No. 1014 u
Appendix A 312-2



Fuel Cool-Down
3.1.3

3.1 SFSCINTEGRITY
3.1.3 Fuel Cool-Down
LCO 3.1.3 The MPC cavity bulk helium exit temperature shall be < 200° F

NOTE
The LCO is only applicable to wet UNLOADING OPERATIONS.

APPLICABILITY:  UNLOADING OPERATIONS prior to re-flooding.

ACTIONS
NOTE

Separate Condition entry is allowed for each MPC.

CONDITION REQUIRED ACTION COMTP”\LAEET'ON

A. MPC cavity bulk helium A.1 Establish MPC cavity bulk Prior to initiating

gas-exit temperature not helium gas-exit temperature MPC re-flooding
within limit. within limit. operations
AND
A.2 Ensure adequate heat 22-hotirs
transfer from the MPC to the | Immediately
environment

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY
SR 3.1.3.1 VerifyEnsure via analysis or direct measurement | Prior to MPC re-
of MPC exit gas temperature that MPC cavity flooding
bulk helium gas-exit temperature is within limit. operations.

Certificate of Comphance No 1014
Appendix A 3.1.341



Deleted TRANSFER-CASK-Average-Surface-BoseRates |
3.21

32 SFSCRADATIONPROTEGTON Deleted. |

3.2.1 FRANSFER-CASK-Average-Sursee-Bese-Retes Deleted. |

LCO 321 Deleted. The-average-surface-dose
not-execed:

Loambiog s
I\Z=iRlURIsi ey

Certificate of Compliance No 1014
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Deleted TRANSFER-CASIK-Average-Surface-Dose-Rates | </

3.2.1
ACHONS-
contined
CONBFON REQUIREB-AGHION COMPEEFON
HME
asseciated-Completion-TFime fromrthe-TRANSFER-CASK
potmet
FREQUENGY |
Onecerprierio
FRANSPORT
OPERAHONS
-/
|
N4

Certificate of Compliance No. 1014
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NG Transfer Cask Average Surface Dose Rates
3.21

\/

Centificate of Compliance No 1014
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Deleted TRANSFER-CASK-Surface-Contamination |
3.2.2

3.2 SFSERABIAHONTFROETECTHON Deleted. |
3.2.2 TRANSFER-CASKSStrface-Contamination Deleted. |

- H H
mavable-cantiamination-an-tb

LCO 3.2.2 Deleted.

\J/

Certificate of Comphance No. 1014
Appendix A 3.2 2-1



Deleted TRANSFER-EASIK-Surface-Contemination

3.2.2
SURVEHANCE REQUIREMENTS
eﬁgﬁeﬁsuﬁae?&e%&re;ﬁ%NSFEF%eAS{eaﬁd FRANSPERT
thin frmite.

Certificate of Compliance No 1014
Appendix A
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Deleted GV-ERPAGK—Average—SﬁFFaee-Bese-Ra%es [

3.2.3
% 3.2 SFSG-RADIATION-PROTEGTION Deleted. - ) |
3.2.3 OSVERPACK-Average-Surface-Bese-Rates Deleted. o ,
LCO 323 . Deleted The-average-suriace-dose rates-of-cach- N
' exeeed:
CONBHON COMPLEEHON
REQUIREB-ACHOSN
HME
~/ A—OVERPAGK-average Act—Pdministratively verify-corest 24 hers
met :
ANB
2. p H .
lSFSjl ” 'II E"'El.e ;‘nththe
e ;
GFRPart-28-and-18-6FRPart
Fx T -
B Reaured At . - -
asseciated-Completion frormthe-SFSG- )
\_/ Certificate of Compliance No 1014
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Deleted YERPACK-Average-Surface-Dose-Rates | )
3.23

Certificate of Compliance No. 1014 4
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Boron Concentration
3.31

3.3 SFSC CRIMICALITY CONTROL

3.3.1 Boron Concentration

LCO 3.3.1 As required by CoC Appe'ndix B, Table 2.1-2, the cqncénh'aﬁon 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 < 50 wi% 2°U. > 400 ppmb

b. MPC-24E or MPC-24EF (all INTACT FUEL ASSEMBLIES) 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

c. Deleted MPE with-alHfuel s

%ﬁu-—'ygeqppmb

d. Deleted. ¥ o ssemblies-havine
enfchment>—4-+and-<5-0-widr- U 2600 ppmb

e. MPC-24E or MPC-24EF (one or more DAMAGED FUEL
ASSEMBLIES or FUEL DEBRIS) with one or more fuel assemblies
having an initial enrichment > 4.0 wt% U and < 5.0 wt% *° U:
> 600 ppmb

! f.  MPC-32/32F: M:ﬁir}lum soluble boron as required by the table below.

[

' ' . One or more DAMAGED FUEL
All INTACT FUEL ASSEMBLIES ASSEMBLIES of FUEL DEBRIS

Fuel Assembly ‘Initial | 0 initil | lnitial Initial

ArraylClass Enrichment Enrichment Enrichment Enrichment

. | <4 1wm%FU | <50m%BU | <41w%ZU | <50m%BU-

) (ppmb) (ppmb) - {ppmb) {(ppmb)
14x14AIBICIDIE 1,300 1,900 1,500 . 2,300
15x15A/BICIG - 1,800 2,400 1,900 2,700
15x15DIEIFIH | 1,900 2,600 : 2,100 2,900
16x16A 1,300 1,900 1,500 2,300
17x17AIBIC 1,900 - '2,600 2100 2,900

Certificate of Compliance No. 1014
Appendix A 3.3 11




Boron Concentration

3.3.1
APPLICABILITY: During PWR fuel LOADING OPERATIONS with fuel and water in the MPC
AND
During PWR fuel UNLOADING OPERATIONS with fuel and water in the
MPC.
ACTIONS
NOTE
Separate Condition entry is allowed for each MPC.
CONDITION REQUIRED ACTION COMPLETION
A. Boron concentration not A.1 Suspend LOADING Immediately
within limit. OPERATIONS or UNLOADING
OPERATIONS.
AND
A.2 Suspend posttive reactivity immediately
additions.
AND
A.3 Initiate action to restore boron Immediately
concentration to within limit.
SURVEILLANCE éEQUIREMENTS
SURVEILLANCE FREQUENCY
NOTE Within 4 hours of

This survelllance 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.

Certificate of Compliance No 1014
Appendix A 3.3.1-2

entering the
Applicability of this
LCO.

AND

Once per 48
hours thereafter.



MPC Cavity Drying Limits
Table 3-1

Table 3-1
MPC Cavity Drying Limits (Note 1)

Fuel Burnup MPC Heat Load M oigsrtgc;;a:o val Other Requirements
(MWDIMTU) (kW) (Notes 2 and 3) (Notes 4 and 5)
All Assemblies < 45,000 <10 VDS or FHD None
If VDS is used,
All Assemblies < 45,000 >10and <15 VDS or FHD annulus water
recirculation is required
If VDS is used, fuel
cladding hoop stress
All Assemblies < 45,000 >10and <25 VDS or FHD shall be shown by
analysis to be < 90
MPa
If VDS is used,

annulus water
recirculation is required
All Assemblies < 45,000 >25and < 29 VDS or FHD AND fuel cladding
hoop stress shall be
shown by analysis to

be < 90 MPa
All Assemblies < 45,000 >29and <40 FHD None
One or more assemblies <40 FHD Nore

> 45,000

Notes:

If the limits in two or more rows apply, the user may choose one set of limits to
implement.

VDS means Vacuum Drying System. The acceptance criterion for VDS is MPC cavity
pressure shall be < 3 torr for > 30 minutes.

FHD means Forced Hellum Dehydration System. The acceptance criterion for the FHD
System is gas temperature exiting the demoisturizer shall be < 21°F for > 30 minutes.

Annulus water recirculation means a constant flow of water through the annulus between
the MPC and the HI-TRAC inner shell during moisture removal operations (i.e.,
beginning prior to 10 torr descending and ending when helium backfill operations
commence).

Fuel cladding hoop stress calculations may be performed using “best estimate” inputs.

Certificate of Compliance No. 1014
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MPC Helium Backfill Medet-Bependent-Limits
Table 342

Table 342 ,
MPC Helium Backfill Medel-BependentLimits'

MPC MODEL LIMITS

4+—MPC-24/24E/24EF

MG Cavit-V BrvinaP < 3orr-for->30-m
—b—MPEHelum-Baekhil'

i. Cask Heat Load < 27.77 kW (MPC-24) 0:4242-+0/16%-g-molesh
or < 28.17 kW (MPC-24EIEF) eR
>29.3 psig and < 33:361.4 psig
ii Cask Heat Load > 27.77 kW (MPC-24) >40.9 psig and < 61.4 psig
or > 28.17 kW (MPC-24E/EF)

—e—MPGHelium-teakRete———————————— < 5-6E-6atmreefsectHe)
2—MPC-68/68F/68FF

—b—MPSHelium-Baeldi’

i. Cask Heat Load < 28.19 kW 0.1218 +0/-10% g-males/
OR
> 29 3 psig and < 33:376.3 psig
ii. Cask Heat Load > 28.19 kW >40.9 psig and < 76.3 psig
3—MPC-32/32F

—b—MPC-HeliumBaekit Pressure’
i Cask Heat Load < 28.74 kW > 29.3 psig and < 33:347.9 psig

ii. Cask Heat Load > 28.74 kW > 41.3 psig and < 47.9 psig

—e—MPGHeliumteak-Rate———————————<-5-0E-6-alm-cclsec-{He)

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

Certificate of Compliance No. 1014
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Programs

5.0

5.0 ADMINISTRATIVE CONTROLS AND PROGRAMS
The following programs §ha|l be established, implemented and maintained.
5.1 ‘Deleﬁted.» ‘
52 Deleted. -
53 Deleted. . : R
54 Radioa'ctive Eﬁﬂuen} Control Program

This p}ogram irﬁplements the requirements of 10 CFR 72.44(6). o0

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 pr'oghm includes an environmental monitéring 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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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 ensurethatthe designbasis drop limits are met. For lifting
ofthe loaded TRANSFER CASK or OVERPACK using devices whichare integralto
a structure governed by 10 CFR Part 50 regulations, 10 CFR 50 requirements apply.
This program is notapplicable whenthe 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 forin Specification 5.5.a.2. Also,
the program shall ensure that the transportroute conditions (i.e., surface
hardness and pad thickness) are equivalent to or less limiting thaneither
Set A or Set B in HI-STORM FSAR Table 2.2.9.

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

(continued)
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ADMINISTRATIVE CONTROLS AND PROGRAMS

55 Cask Transport Evaluation Program (continued)

b.-

3.

The TRANSFER CASK or OVERPACK, when loaded with spent fuel,
may be lifted to any height necessary dunng transportationbetweenthe
FUEL BUILDING and the CTF and/or ISFS! pad, provided the lifting
device is designed in accordance with ANSI N14.6 and has redundant

. drop protection features.

The TRANSFER CASK and MPC, whenloaded with spent fuel, maybe
lifted to those heights necessary to perform cask handling operations,
including MPC transfer, provnded 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 Compllance No. 1014, as
applicable.

‘For the transport of OVERPACKS to be anchored to the ISFSI pad, the
followmg requirements apply:

1.

Except as provided in 5.5.b.2, user shall determine allowable
OVERPACK lift height limit(s) above the transport route surface(s)
based on site-specific transport route conditions. “The lift heights shall
be determined by evaluation or analysis, based on limiting the design
basis cask decelerationduring a postulated drop eventto <45g's atthe
top of the MPC fuel basket. Evaluations and/or analyses shall be
performed using methodologies consistent with those inthe HI-STORM
100 FSAR.

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

(continued)
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Programs
5.0

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 cask/lid assemblage)

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

3. See Technical Specification 5.5.a.3.
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5.7  Radiation Protection Program

5.7.1

5.7.2

Each cask user shall establish and maintain a radiation protection program

governing caskloading and unloading, as well as ISFSloperations, including

transport of the loaded OVERPACK or TRANSFER CASK outside of
facilities governed by 10 CFR Part 50. The radiation protection program shall
include appropriate controls formeasuring dose rates, ensuring compliance

with applicable regulations, and implementing actions to maintain personnel
occupational exposures As Low As Reasonably Achievable (ALARA). The

program shall also address the control of loose contamination of cask
components. Contamination limits shall be established, as appropriate, in

accordance withapplicable guidance forthe release ofcontaminated material
from the Part 50 facility (i.e., NRC I&E Circular 81-07 or other appropriate

guidance).

In performing shielding calculations or evaluations under this program to
demonstrate compliance with regulatory dose limits or in support of changes
fo the cask design or procedures made under 10 CFR 72.48, the
methodology described in the HI-STORM FSAR shall be used, and the
following methods and input values shall be used:

a. A three-dimensional radiation transport code shall be used.

b. Source terms shall be shall be calculated using computer codes that
have been reviewed and approved by the NRC for the burnups being
analyzed.

C. Cobalt-59 impurity levels in source components shall be > 0.8 gmikg

for stainless steel and > 1.0 gm/kg for Inconel.
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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.

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 Ifting device or
a mobile Ifting device used in concert with the stationary
structure to It 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 that cannot be handled by
nommal means due to fuel cladding damage are considered

-

. FUEL DEBRIS
DAMAGED FUEL CONTAINER DFCs ére 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 ruplured fuel rods, severed rods, loose
fuel pellets or.-fuel assemblies with known or suspected

defects which cannot be handled by nomal 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 hairfine 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 wunless 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 actvities 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 n a
cylindrical canister shell which I1s welded to a baseplate, lid
with welded port cover plates, and closure ring. The MPC
provides the confinement boundary for the contained
radioactive materials.

NON-FUEL HARDWARE is defined as Burnable Poison
Rod Assemblies (BPRAs), Thimble Plug Devices (TPDs),
Control Rod Assemblies (CRAs), Axial Power Shaping
Rods (APSRs), Wet Annular Burnable Absorbers
(WABAsS), Rod Cluster Control Assemblies (RCCAs),
Control Element Assemblies (CEAs), water displacement
guide tube plugs, end, orfice rod assemblies, and
vibration suppressor inserts.

OVERPACKSs are the casks which receive and contain the
sealed MPCs for interim storage on the ISFSL.  They
provide gamma and neutron shielding, and provide for
ventlated air flow to promote heat transfer from the MPC to
the environs. The OVERPACK does not include the
TRANSFER CASK.

Certificate of Complhiance No. 1014
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1.0 Definitions (continued)

Definitions
1.0

PLANAR-AVERAGE
INITIAL ENRICHMENT

SPENT FUEL STORAGE
CASKS (SFSCs)

TRANSFER CASK

TRANSPORT OPERATIONS

UNLOADING OPERATIONS

ZR

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

An SFSC is a container approved for the storage of

spent fuel assemblies at the ISFSI. The HI-STORM 100
SFSC System consists of the OVERPACK and its integral
MPC.

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

TRANSPORT OPERATIONS include alilicensed activities
pefoormed on an OVERPACK or TRANSFER CASK
loaded with one or more fuel assemblies when it is being
moved to and from the ISFSIL 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 destinaton and no longer
secured on or suspended from the transporter.
TRANSPORT OPERATIONS include transfer of the MPC
between the OVERPACK and the TRANSFER CASK.

UNLOADING OPERATIONS include all licensed activities
on an SFSC to be unloaded of the contained fuel
assemblies. UNLOADING OPERATIONS begin when the
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.

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

Certificate of Compliance No. 1014
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Approved Contents
2.0

N 2.0 APPROVED CONTENTS .

2.1-  Fuel Specifications and Loading Conditions -

2.1.1 Fuel To Be Stored In The HI-STOéM 100 SFSC System

a.

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

"System. . -~

For MPCs partially Ioaded thh 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 assembhes

_“For, MPCs partially loaded thh DAMAGED FUEL ASSEMBLIES or FUEL

DEBRIS, all remaining erea%ey—(er—eﬂ*er—a#ey—ef-zﬁeeﬂwm-)ZR clad INTACT

FUEL ASSEMBLIES in the MPC shall meet the decay heat generation limits _

for the DAMAGED FUEL ASSEMBLIES. This requnrement applies only to
uniform fuel loading.

For MPCs partially loaded with array/class 6x6A, 6x6B, 6x6C, 7x7A, or 8x8A
fuel assemblies, all remaining Zirealoy-{or-otheralley-efzireonium}) ZR clad

INTACT FUEL ASSEMBLIES in the MPC shall meet the decay heat

generation limits for the 6x6A, 6x6B, 6x6C, 7x7A and 8x8A fuel assemblies.

All BWR fuel assemblies may be stored with or without Zrealey{er-ether
attey-ef-zireenium} ZR channels Wlth the exception of array/class 10x10D
and 10x10E fuel assemblies, which may be stored with or without ZreateyZR
or stainless steel channels. . _. . -

2.1.2  Uniform Fuel Loading -

Any authorized fuel assembly may be stored in”any fuel cell location, subject to
other restrictions related to DAMAGED FUEL, FUEL DEBRIS, and NON-FUEL

wHARDWAR’E specrﬁed in the CoC Pfé&éﬁhﬁ!—ﬁﬂ—!eadmg—s-ha%l—be—ueed—dﬁmg

{(continued)
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Approved Contents
2.0

2.0 Approved Contents

21 Fuel Specifications and Loading Conditions (cont'd)

2.1.3 Regionalized Fuel Loading

Users may choose to store fuel using regionalized loading in lieu of uniform loading
to allow higher heat emitting fuel assemblies to be stored than would otherwise be
able to be stored using uniform loading. Regionalized loading is limited to those fuel
assemblies with Zirealey—tor-ethereafoy-of-zireonium}y ZR cladding. Figures 2.1-1
through 2.1-4 define the regions for the MPC-24, MPC-24E, MPC-24EF, MPC-32,
MPC-32F, MPC-68, and MPC-68FF models, respectively'. Fuel assembly burnup,
decay heat, and cooling time limits for regionalized loading are specified in Section

2.4.2. Tables-24-6-and-2-1-%. Fuel assemblies used in regionalized loading shall
meet all other applicable limits specified in Tables 2.1-1 through 2.1-3.

2.2 Violations

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

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

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

2.3 Deviations from Cask Contents Requirements

Proposed altemnatives to the contents fisted in Section 2.0 may be authorized on a case-
specific basis by the Director of the Office of Nuclear Material Safety and Safeguards or
designee. The request for such altemative contents should demonstrate that:

2.3.1 The proposed altemative contents would provide an equivalent level of safely, and
23.2 The proposed alfemative contents are consistent with the applicable requirements.

Requests for caséspeciﬁc NRC approval of alternatives to contents shall be submutted in
accordance with 10 CFR 72.4 by the certificate holder. Case-specific altematives approved
pursuant to this section shall be incorporated permanently into the CoC by the cetrtificate
holder in accordance with 10 CFR 72244, as partt of the next scheduled amendment

request.

1 These figures are only intended to distinguish the fuel loading regions. Other details
of the basket design are illustrative and may not reflect the actual basket design
details. The design drawings should be consulted for basket design details.
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Table 2.1-1 (page 1 of 339)
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: Zreatey-{Zr) ZR or Stainless Steel (SS) as
specified in Table 2.1-2 for the applicable
fuel assembly array/class.

b. Initial Enrichment: As specified in.Table 2.1-2 for the
applicable fuel assembly array/class.

c. Post-irradiation Cooling Time
and Average Burnup Per

Assembly:
i. Array/Classes 14x14D,14x14E, Cooling time > 8‘years and an'éverage
and 15x15G burnup < 40,000 MWD/MTU.
ii. All Other Array/Classes Cooling time and average burnup as
: ) specified in Section 2.4. Fables2-+4-or
24-6:
- il NON-FUEL HARDWARE ‘ " As specified in Table 2.1-8.

Certificate of Compliance No 1014
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Table 2.1-1 (page 2 of 339)
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 Section 2.4. Fables-2-+-5

or-2-4-7
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.
C. Deleted.

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

Note 1: Fuel assemblies containing BPRAs, TPDs, WABAs, water displacement guide
tube plugs, er orifice rod assemblies, or vibration suppressor inserts may be
stored in any fuel cell location. Fuel assemblies containing CRAs, RCCAs,
CEAs, or APSRs may only be loaded in fuel storage locations 9, 10, 15,and/or
16. These requirements are in addition to any other requirements specified for
uniform or regionalized fuel loading.

Certificate of Compliance No. 1014
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Table 2.1-1 (page 3 of 339)
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
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. Array/Classes 6x6A, 6x6C,
7X7A, and 8x8A:

ii. Array/Class 8x8F

ifi. Array/Classes 10x10D and
10x10E

iv. All Other Array/Classes

Certificate of Compliance No. 1014
Appendix B

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

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

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

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 Section 2.4. Febles2-1-4-of
246
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Table 2.1-1 (page 4 of 339)
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 Section 2.4. Tables2-4-5-ef
247
f. Fuel Assembly Length: < 176.5 inches (nominal design)
g. Fuel Assembly Width: <5.85 inches (nominal design)
h. Fuel Assembly Weight: <700 Ibs, including channels

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

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

b. Maximum PLANAR-AVERAGE

INITIAL ENRICHMENT:
i. Array/Classes 6x6A, 6x6C, As specified in Table 2.1-3 for the applicable
7X7A, and Bx8A fuel assembly array/class.
ii. All Other Array/Classes 4.0 wt% U
specified in Table 2.1-3
c. Initial Maximum Rod As specified in Table 2.1-3 for the applicable

Enrichment: - fuel assembly array/class.

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

i. Array/Classes 6x6A, 6x6C, Cooling time > 18 years and an average
7x7A,and 8x8A burnup < 30,000 MWD/MTU.
ii. Array/Class 8x8F Cooling time > 10 years and an average

burnup < 27,500 MWD/MTU.

iii. Array/Classes 10x10D and Cooling time > 10 years and an average
10x10E burnup < 22,500 MWD/MTU.
iv. All Other Array Classes As specified in Section 2.4. Febles-2-4+-4-or
246
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Table 2.1-1 (page 6 of 339)
Fuel Assembly Limits

II. MPC MODEL: MPC-68 (continued)

A, Allowable Contents (continued)

e. Decay Heat Per Assembly:

i.  Array/Class 6x8A, 6x6C, 7x7A, <115 Watts

and 8x8A
ii. Array/Class 8x8F <183.5 Watts
in. Array/Classes 10x10D and <95 Watts
10x10E
iv  All Other Array/Classes As specified in Section 2.4. Fables2-+4+5er

247
f. Fuel Assembly Length:

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

i. Al Other Array/Classes £176.5 inches (nominal design)

g. Fuel Assembly Width:

i.  Array/Class 6x6A, 6x6C, 7x7A, £4.70 inches (nominal design)
or 8x8A

li. Al Other Array/Classes <5.85 inches (nominal design)
h. Fuel Assembly Weight:

i.  Array/Class 6x6A, 6x6C, 7x7A, <550 Ibs, including channels and DFC
or 8x8A

ii.  All Other Array/Classes <700 Ibs, including channels and DFC
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Appendix B 2-12



Approved Contents
2.0

Table 2.1-1 (page 7 of 339)
Fuel Assembly Limits . . . 3

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

3. Mixed oxide (MOX), BWR INTACT FUEL ASSEMBLIES, with or without

" channels. MOX BWR INTACT FUEL ASSEMBLIES shall meet the criteria

* specified in Table 2:1-3 for fuel assembly array/class 6x6B, and meet the
following specifications: i )

a. Cladding Type: ‘ Zirealey-Zr} ZR
b. Maximum PLANAR-AVERAGE  As specified in Table 2.1-3 for fuel
INITIAL ENRICHMENT: - assembly array/class 6x6B.

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

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

e. Decay Heat Per Assembly: - <115Watts

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

g. Fuel Assembly Width: " <4.70 inches (nominal desi_&;n')

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

Certificate of Compliance No 1014
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Table 2.1-1 (page 8 of 339)
Fuel Assembly Limits

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

4. Mixed oxide (MOX), BWR DAMAGED FUEL ASSEMBLIES, with or without
channels, placed inDAMAGED 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: Zireatoy{tZr) 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
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Table 2.1-1 (page 9 of 339)

Fuel Assembly Limits

Il. MPC MODEL: MPC-68 (continued)

A. Allowable Contents (continued)

5.

a.

b.

Thoria rods (ThO, and UO,) placed in Dresden Unit 1 Thoria Rod Canisters and

meeting the following specifications:
Cladding Type:
Composition:
Number of Rods Per Thoria Rod
Canister:
. Decay Heat Per Thoria Rod
Canister:
Post-irradiation Fuel Cooling Time
and Average Burnup Per Thoria
-Rod Canister:
Initial Heavy Metal Weight:
. Fuel Cladding O.D.:

h. Fuel Cladding I.D.:

Fue! Pellet O.D.:

Active Fuel Length:

. Canister Weight:

Certificate of Compliance No. 1014

Appendix B

Zirealoy-2r) ZR
98.2 wt.% ThO,, 1.8 wt. % UO, with an
enrichment of 93.5 wt. % #U.

<18

- <115 Watts

A fuel posi—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

<5650 Ibs, including fuel
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Table 2.1-1 (page 10 of 339)
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 DAMAGED FUEL CONTAINERS;

3. Up to sixteen (16) other BWR DAMAGED FUEL ASSEMBLIES in DAMAGED FUEL
CONTAINERS in fuel storage locations 1, 2, 3, 8, 9, 16, 25, 34, 35, 44, 53, 60, 61, 66,
67, and/or 68; and/or

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

C. Array/Class 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 are authorized

for loading in the MPC-68. The Antimony-Beryllium source material shall be in a water rod
location.

E. FUEL DEBRIS is not authorized for loading in the MPC-68.

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

ll. MPC MODEL: MPC-68F

A. Allowable Contents

" 1. Uranium oxide, BWR INTACT FUEL ASSEMBLIES, with or without Zireatey{Zr}
- ZR channels. Uranium oxide BWR INTACT FUEL ASSEMBLIES shall meet the
criteria specified in Table 2.1-3 for fuel assembly array class 6x6A 6x6C, 7x7A

or 8x8A, and meet the following specifi catlons

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 Comphance No. 1014
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Zirealoy-{2) ZR

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

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

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

<115 Watts
< 135.0 inches (nominal design)
<4.70 inches (nominal design)

<400 Ibs, including channels



Approved Contents
20

Table 2.1-1 (page 12 of 339)
Fuel Assembly Limits

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

A. Allowable Contents (continued)

2. Uranium oxide, BWR DAMAGED FUEL ASSEMBLIES, with or without Zireatoy

&1} ZR channels, placed in DAMAGED FUEL CONTAINERS. Uranium oxide
BWR DAMAGED FUEL ASSEMBLIES shall meetthe criteria specified in Table
2.1-3 for fuel assembly array/class 6x6A, 6x6C, 7x7A, or 8x8A, and meet the
following specifications:

a. Cladding Type: Areatey-{Zr ZR

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

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

d. Post-irradiation Cooling Time Cooling time > 18 years and an average
and Average 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: <550 Ibs, including channels and DFC

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

Fuel Assembly Limits

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

A. Allowable Contents (contlnued)

3. Uramum oxide, BWR FUEL DEBRIS, with or without Zireatey-(Z} ZR channels,
placed in DAMAGED FUEL CONTAINERS. The original fuel assemblies for the
uranium oxide BWR FUEL DEBRIS shallmeetthe criteria specified in Table 2.1-
3 for fuelassembly array/class 6x6A,6x6C, 7x7A,or8x8A, 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. Original Fuel Assembly Length
g. Original Fuel Assembly Width
h. Fuel Debris Weight

Certificate of Complance No. 1014
Appendix B

Zireatoy(2r ZR

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

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

Cooling time > 18 years and an average
burnup < 30,000 MWD/MTU for the
original fuel assembly.

<115 Waltts

<135.0 inches (nomlnal deS|gn)

<4.70 inches (nommal de3|gn)

<550 Ibs, including channels and DFC
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Table 2.1-1 (page 14 of 339)
Fuel Assembly Limits

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

4. Mixed oxide (MOX), BWR INTACT FUEL ASSEMBLIES, with or without Zirealey

tZr} ZR channels. MOX BWR INTACT FUEL ASSEMBLIES shall meet the
criteria specified in Table 2.1-3 for fuel assembly array/class 6x6B, and meetthe
following specifications:

a. Cladding Type: Zreatey-(Zr) ZR

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

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

d. Post-irradiation Cooling Time Cooling time > 18 years and an average
and Average 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
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Table 2.1-1 (page 15 of 339)
Fuel Assembly Limits . . -

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

5. Mixed oxide (MOX), BWR DAMAGED FUEL ASSEMBLIES, with or without
Zirestey-{2r ZR channels, placed in DAMAGED FUEL CONTAINERS. MOX BWR
DAMAGED FUEL -ASSEMBLIES shall meet the criteria specified in Table 2.1-3
for fuel assembly array/class 6x6B, and meet the following specifications:

a. Cladding Type: AreatoyZ) ZR

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

c. Initial Maximum Rod Enrichment:  As specified in Table 2.1-3 for 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.
Assembly: )

e. Decay Heat Per Assembly <115 Watts '

f. Fuel Assembly Length: <135.0 inch‘es (nominal design)

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

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

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

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

A. Allowable Contents (continued)

6. Mixed Oxide (MOX), BWR FUEL DEBRIS, with or without Zireatey(Zr} ZR |
channels, placed in DAMAGED FUEL CONTAINERS. The original fuel
assemblies for the MOX BWR FUEL DEBRIS shall meet the criteria specified in
Table 2.1-3 for fuel assembly array/class 6x6B, and meet the following
specifications:

a. Cladding Type: Zreatey-Zr) ZR |

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

c. Initial Maximum Rod Enrichment:  As specified in Table 2.1-3 for original 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
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Table 2.1-1 (page 17 of 339)
Fuel Assembly Limits

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

A. Allowable Contents (continued)

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

a. Cladding Type:

b. Composition:

¢. Number of Rods Per Thoria Rod
Canister;

d. Decay Hea-tt<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
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Zireatoy-2r) ZR
98.2 wt.% ThO,, 1.8 wt. % UO, with an

" enrichment of 93.5 wt. % 235U,

<18

<115 Watts

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

<27 kg/canister
>0.412inches
<0.362 inches
<0.358 inches
<111inches

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

. 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. MOXBWR INTACT FUEL ASSEMBLIES;

3. Uranium oxide BWR DAMAGED FUEL ASSEMBLIES placed in DFCs;

4. MOX BWR DAMAGED FUEL ASSEMBLIES placed in DFCs; or

5. Uptoone (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 Comphance No 1014
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Table 2.1-1 (page 19 of 339)
- Fuel Assembly Limits

IV. MPC MODEL: MPC-24E
A Allowable Contents

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

a. Cladding Type: ) Areatoy{Zr} ZR or Stainless Steel (SS) as
specified in Table 2.1-2 for the applicable fue!
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:

\_J 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 Section 2.4. Tebles-2-4-4-or
246
iii. NON-FUEL HARDWARE As specified in Table 2.1-8
N

Certificate of Compliance No. 1014
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Table 2.1-1 {page 20 of 339)
Fuel Assembly Limits

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

A. Allowable Contents (continued)

d. Decay Heat Per Assembly:

i. Array/Classes 14x14D, <710 Watts.
14x14E, and 15x15G
ii. All other Array/Classes As specified in Section 2.4. Febles2-4+-5or
247
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
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Table 2.1-1 (page 21 of 339)
Fuel Assembly Limits

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

A. Allowable Contents (continued)

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

" a. Cladding Type:

b. Initial Enrichment:

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

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

i. All Othe'f ArrayIClasses

iii. NON-FUEL HARDWARE

Certificate of Compliance No 1014
Appendix B

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

<4-0-W%23U. As specified in Table 2.1-
2 for the applicable fuel assembly
arraylclass.

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

As specified in Section 2.4. Fables2-4-4-ef

As specified in Table 2.1-8,

2-27



Approved Contents
20

Table 2.1-1 (page 22 of 339)
Fuel Assembly Limits

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

A. Allowable Contents (continued)

Note 1:

d. Decay Heat Per Assembly

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

ii. All Other Array/Classes As specified in Section 2.4. Fables2-+5

o247
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)

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.

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

Fuelassemblies containing BPRAs, TPDs, WABAS, waterdisplacement guide tube
plugs, er orifice rod assemblies, or vibration suppressor inserts may be stored in
any fuelcelllocation. Fuel assemblies containing CRAs, RCCAs, CEAs, or APSRs
may only be loaded in fuel storage locations 9, 10, 15, and/or 16. These
requirements are in addition to any other requirements specified for uniform or
regionalized fuel loading.

Certificate of Compliance No. 1014
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Table 2.1-1 (page 23 of 339)
Fuel Assembly Limits . -

V. MPC MODEL: MPC-32

A. Allowable Contents

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

a. Cladding Type:

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

Zreatoy-{Zry 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
burnmup < 30,000 MWD/MTU or cooling
time > 20 years and an average burnup <
40,000 MWD/MTU.

As specified in Section 2.4. Fables2-+4
or2:-+6:

As specified in Table 2.1-8.
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Table 2.1-1 (page 24 of 339)
Fuel Assembly Limits
V. MPC MODEL: MPC-32 (continued)
A. Allowable Contents (continued)
d. Decay Heat Per Assembly
i. Array/Classes 14x14D, < 500 Watts
14x14E, and 15x15G
ii. All Other Array/Classes As specified in Section 2.4. Fables-2-4-5
o2+
e. Fuel Assembly Length < 176.8 inches (nominal design)
f. Fuel Assembly Wiqth < 8.54 inches (nominal design)
g. Fuel Assembly Weight < 1,680 Ibs (including NON-FUEL
HARDWARE)

Certificate of Compliance No. 1014
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Table 2.1-1 (page 245 of 339)
Fuel Assembly Limits

V. MPC MODEL: MPC-32 (continued)
A. Allowable Contents (continued)

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

a. Cladding Type: ZR or Stainless Steel (SS) as specified in
Table 2.1-2 for the applicable fuel
assembly arraylclass

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

applicable fuel assembly array/class.

c. Post-irradiation Cooling Time
and Average Burnup Per

Assembly
i. Array/Classes 14x1 4D,  Cooling time 2 8 years and an average
14x14E, and 15x15G burnup < 40,000 MWDIMTU.
ii. All Other Array/Classes ~ As specified in ASe‘ction'.?‘.z.@.w

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

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

V. MPC MODEL: MPC-32 (continued)

A. Allowable Contents (continued)

Note 1:

d. Decay Heat Per Assembly

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

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

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

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

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

Quantityper MPC: Up to eight(8) DAMAGED FUEL ASSEMBLIES in DAMAGED
FUEL CONTAINERS, stored in fuel storage locations 1, 4, 5, 10, 23, 28, 29,
and/or 32. The remaining MPC-32 fuel storage locations may be filled with PWR
INTACT FUEL ASSEMBLIES meeting the applicable specifications.

BAM%GEB—FHEL—ASSEMB{:ES—aﬁé FUEL DEBRIS js are not authorized for
loading in the MPC-32.

Fuelassemblies containing BPRAs, TPDs, WABAs, waterdisplacement guide tube
plugs, er orifice rod assemblies, or vibration suppressor inserts may be stored in
any fuelcelllocation. Fuel assemblies containing CRAs, RCCAs, CEAs, or APSRs
may only be loaded in fuel storage locations 13, 14, 19, and/or 20. These
requirements are in addition to any other requirements specified for uniform or
regionalized fuel loading.

Certificate of Comphance No 1014
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Table 2.1-1 (page 257 of 339)
Fuel Assembly Limits

VI. MPC MODEL: MPC-68FF

A. Allowable Contents

1. Uranium oxide or MOX BWR INTACT FUEL ASSEMBLIES listed in Table 2.1-3, 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, 6x6B,
6x6C, 7x7A, and 8x8A

ii. Array/Class 8x8F

ii. Array/Classes 10x10D and
10x10E

iv. All Other Array/Classes

Certificate of Comphance No 1014
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Zreatoy{Zr} ZR or Stainless Steel (SS) as
specified in Table 2.1-3 for the applicable fuel
assembly array/class

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

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

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

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

Coohng‘time 3 10 years and an average
burnup < 22,500 MWD/MTU.

As specified in Section 2.4. Febles-2-4-4-or
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Table 2.1-1 (page 268 of 339)
Fuel Assembly Limits

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

A. Allowable Contents (continued)

e. Decay Heat Per Assembly

i. Array/Classes 6x6A, 6X6b, <115 Watts
6x6C, 7x7A, and 8x8A
ii. Array/Class 8x8F < 183.5 Watts
in. Array/Classes 10x10D and <95 Watts
10x10E
iv. All Other Array/Classes As specified in Section 2.4. Fables2-4+-5-of
27

f. Fuel Assembly Length

i. Array/Class 6x6A, 6x6B, <135.0 inches (nominal design)
6x6C, 7x7A, or Bx8A

ii. All Other Array/Classes < 176.5 inches (nominal design)
g. Fuel Assembly Width

i. Array/Class 6x6A, 6x6B, 6x6C, <4.70 inches (nominal design)
TXTA, or 8x8A

ii. All Other Array/Classes <5 85 inches (nominal design)

h Fuel Assembly Weight

i. Array/Class 6x6A, 6x6B, 6x6C, <550 Ibs, including channels and DFC
7XTA, or 8x8A

ii. All Other Array/Classes <700 Ibs, including channels and DFC

Certificate of Compliance No. 1014
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- Table 2.1-1 (page 29 of 339)
Fuel Assembly Limits

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

A. Allowable Contents (continued)

2. Uranium oxide or MOX BWR DAMAGED FUEL ASSEMBLIES or FUEL DEBRIS, with
or without channels, placed in DAMAGED FUEL CONTAINERS. Uranium oxide and
MOX BWR DAMAGED FUEL ASSEMBLIES and FUEL DEBRIS shall meet the criteria
specified in Table 2.1-3, and meet the following specifications:

a. Cladding Type:

b. Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

i. Array/Classes 6x6A, 6x6B,
6x6C, 7x7A, and 8x8A.

ii. All Other Array Classes

c. Initial Maximum Rod Enrichment

d. Post-irradiation Cooling Time

and Average Burnup Per Assembly: .

i. Array/Class 6x6A, 6x6B,
6x6C, 7x7A, or Bx8A

ii.  Array/Class 8x8F
ii.  Array/Class 10x10D an

10x10E .

iv.  All Other Array/Classes

Certificate of Comphance No 1014
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Areatoy{Zr) ZR or Stainless Steel (SS) in

accordance with Table 2.1-3 for the
applicable fuel assembly array/class.

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

<4.0wt.% 2U.

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 Section 2.4. Fables24-4-or
246
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Table 2.1-1 (page 28 30 of 339)
Fuel Assembly Limits

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

A. Allowable Contents (continued)

e. Decay Heat Per Assembly

i.  Array/Class 6x6A, 6x6B, 6x6C, <115 Watts
7x7A, or 8x8A

ii. Array/Class 8x8F <183.5 Watts
li. Array/Classes 10x10D and <95 Watts
10x10E
iv.  All Other Array/Classes As specified in Section 2.4. Febles2-4-5-or
2F

f. Fuel Assembly Length

i.  Array/Class 6x6A, 6x6B, 6x6C, <135.0 inches (nominal design)
7X7A, or 8x8A

ii.  All Other Array/Classes <176.5 inches (nominal design)

g. Fuel Assembly Width

i. Array/Class 6x6A, 6x6B, 6x6C, <4.70 inches (nominal design)
7XTA, or 8x8A

ii.  All Other Array/Classes <5.85 inches (nominal design)

h. Fuel Assembly Weight

i.  Array/Class 6x6A, 6x6B, 6x6C, <550 Ibs, including channels and DFC
7x7A, or 8x8A

it All Other Array/Classes <700 Ibs, including channels and DFC

Certificate of Compliance No. 1014
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Table 2.1-1 (page 29 371 of 339)
Fuel Assembly limits

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

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

1. For fuel asserﬁbly array/classes 6x6A, 6X6B, 6x6C, 7x7A, or 8x8A, up to 68 BWR
INTACT FUEL ASSEMBLIES and/or DAMAGED FUEL ASSEMBLIES. Up to eight (8)
DFCs containing FUEL DEBRIS from these array/classes may be stored.

2. For all other array/classes, up to sixteen (16) DFCs containing BWR DAMAGED
FUEL ASSEMBLIES and/or up to eight (8) DFCs containing FUEL DEBRIS. DFCs
shall be located only in fuel storage locations 1, 2, 3, 8, 9, 16, 25, 34, 35, 44, 53, 60,
61, 66, 67, and/or 68. The remaining MPC-68FF fuel storage locations may be filled
with fuel assemblies of the following type:

i. Uranium Oxide BWR INTACT FUEL ASSEMBLIES; or
ii. MOXBWR INTACT FUEL ASSEMBLIES.

C. Dresden Unit 1 fuel assemblies with one Antimony-Beryllium neutron source are
authorized for loading in the MPC-68FF. The Antimony-Beryllium source material
shall be in a water rod location. ~ C

D. Array/Class 10x10D and 10x10E fuelassembliesinstainless steel channels must be
stored in fuel storage locations 19 - 22, 28 - 31, 38 -41, and/or 47 - 50.

Certificate of Comphance No. 1014
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Table 2.1-1 (page 382 of 339)
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

li. NON-FUEL HARDWARE

Certificate of Complhance No. 1014
Appendix B

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

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

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

As specified in Section 2.4. Tables-2-+-4-ef
24-6-

As specified in Table 2.1-8.
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Table 2.1-1 (page 343 of 339)
Fuel Assembly Limits

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

A. Allowable Contents (continued)

d. Decay Heat Per Assembly:

I. Array/Classes 14x14D, <710 Watts.
. 14xj4E, and 15x15G
ii. Allother Array/Classes ‘ As specified in Section 2.4. Febles-2-4-5-er
247
Ce "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
L HARDWARE)
_/
_/

Certificate of Compliance No. 1014
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Table 2.1-1 (page 324 of 339) |
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: Zreatoy{Zr) ZR or Stainless Steel (SS) as
specified in Table 2.1-2 for the applicable
fuel assembly array/class

b. Initial Enrichment: <40-wiS-2U: As specified in Table 2.1- |
2 for the applicable fuel assembly |
arraylclass. |

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 Section 2.4. Tables2-4-4 |
or-2-1+6: |

iii. NON-FUEL HARDWARE
As specified in Table 2.1-8.
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‘Table 2.1-1 (page 335 of 339)
Fuel Assembly Limits

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

A. Allowable Contents (continued)

d. Decay Heat Per Assembly -

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

ii. All Other Array/Classes As specified in Section 2.4. Tables 245

or2t+
e. Fuel Assembly Length < 176.8 inches (nominal design)
f. Fuel Assembly Width < 8.54 inches (nominal design)
g. Fuel Assembly Weight < 1,680 Ibs (including NON-FUEL
HARDWARE and DFC)

B. Quantity per MPC: Up to four (4) DAMAGED FUEL ASSEMBLIES and/or FUEL
DEBRIS in DAMAGED FUEL CONTAINERS, stored in fuel storage locations 3,6,
19 and/or 22. The remaining MPC-24E fuel storage locations may be filled with
PWR INTACT FUEL ASSEMBLIES meeting the applicable specifications.

Note 1: Fuelassemblies containing BPRAs, TPDs, WABAs, waterdisplacementguide tube
plugs, er orifice rod assemblies, or vibration suppressor inserts may be stored in
anyfuelcelllocation. Fuel assemblies containing CRAs, RCCAs, CEAs, or APSRs
may only be loaded in fuel storage locations 9, 10, 15, and/or 16. These
requirements are in addition to any other requirements specified for uniform or
regionalized fuel loading.
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Table 2.1-1 (page 36 of 39)
Fuel Assembly Limits

Vill. MPC MODEL: MPC-32F

A. Allowable Contents

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

(Note 1):

a. Cladding Type:

b. Initial Enrichment;

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

i. ArraylClasses 14x14D,
14x14E, and 15x15G

ii. All Other Array/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
Appendix B

ZR or Stainless Steel (SS) as specified in
Table 2.1-2 for the applicable fuel
assembly arraylclass

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

Cooling time > 8 years and an average
burnup < 40,000 MWDIMTU.

As specified in Section 2.4.

As specified in Table 2.1-8.
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Table 2.1-1 (page 37 of 39)
'Fuel Assembly Limits

20

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

A. Allowable Contents (contd)

d. Decay Heat PerAssempI;V

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

ii. All Other ArraylClasses As specified in Section 2.4.
e. Fuel Assembly Length o < 176.8 inches (nominal design)

f Fuel Assembly Width ~ °  <8.54 inches (nominal design)
g. Fuel Assembly Weight <1,680 Ibs (including NON-FUEL
o HARDWARE and DFC)

Certificate of Compliance No. 1014
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Table 2.1-1 (page 38 of 39)
Fuel Assembly Limits

Viill. MPC MODEL: MPC-32F (cont'd)
A. Allowable Contents (cont’d)

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

a. Cladding Type: ZR or Stainless Steel (SS) as specified in
Table 2.1-2 for the applicable fuel
assembly arraylclass

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

applicable fuel assembly array/class.

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 MWDIMTU.

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

iii. NON-FUEL HARDWARE As specified in Table 2.1-8.
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Table 2.1-1 (page 39 of 39)

Fuel Assembly Limits

" VIII.” MPC MODEL: MPC-32F {cont'd)

TAC

Note 1:

Allowable Contents (cont'd)

" d. Decay Heat Per Assembly

i. Array/Classes 1 4x14D, <710 Watts.
14x14E, and 15x15G

ii. All Other ArrayiClasses  As specified in Section 2.4.

' e. Fuel Assembly Length <176.8 inches (nominal des:gn)

. Fuel Assembly Width < 8 54 inches (nomlnal des:gn)

- g. Fuel Assembly Weight\“ " <1,6801bs (including NON-FUEL

HARDWARE and DFC)

Quantity per MPC: Up to eight (8) DAMAGED FUEL ASSEMBLIES and/or FUEL

" DEBRIS in DAMAGED FUEL CONTAINERS, stored in fuel storage locations 1,

4,5,10,23, 28, 29, and/or 32. The remalmng MPC-32 fuel storage locations may
be filled with PWR INTACT FUEL ASSEMBLIES meet/ng the appllcable
specifications. — .

Fuel assemblies containing BPRAs TPDs WABAs, water displacement guide
tube plugs, orifice rod assemblies, or vibration suppressor inserts ma y be stored
in any fuel cell location. Fuel assemblies containing CRAs, RCCAs, CEAs, or
APSRs may only be loaded in fuel storage locations 13, 14, 19 and/or 20. These
requirements are in addition to any other requirements specified for uniform or
regionalized fuel loading.
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Table 2.1-2 (page 1 of 4)
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly 14x14A 14x14B 14x14C 14x14D 14x14E
Array/Class
Clad Matenial

ZZR ZZR ZFZR Ss Ss
Note-2}
Design Imtial U <400
Initial Enrnichment
(MPC-24, 24E and <4.6(24) <4.6(24) <4.6(24) <4.0(24) <50 (24)
24EF without soluble
boron credit) <50 <50 <5.0 <50 <50
(wt % =U) (24E/24EF) (24E/24EF) (24E/24EF) (24E/24EF) (24E/24EF)
(Note 7)
Initial Enrichment
(MPC-24, 24E, 24EF,
32, or 32F with <50 <50 <50 <50 <5.0
soluble boron credit
- see Notes 5 end-#)
(wt % =U)
No. of Fuel Rod 179 179 176 180 173
Locations
Z:‘;' Rod Clad O.D. >0 400 >0.417 >0.440 >0422 >0 3415
(F[;‘“')“' Rod Clad | D. <0.3514 <03734 <0.3880 <013890 <0.3175
Fuel Pellet Dia. (in.) <0.3444 <0 3659 <0 3805 <0 3835 <0.3130
Fuel Rod Pitch (in.) <0556 <0.556 <0.580 <0556 Note 6
'gst;"e Fuel Length <150 <150 <150 <144 <102
No. of Guide and/or
Instrument Tubes 17 7 5 (Note 4) 16 0
Guide/Instrument
Tube >0017 >0017 >0038 >00145 N/A
Thickness (in )
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- ;Fable 2.1-2 (page 2 of 4)
) PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)
:‘:f; 3;7:;"’"’ 15x15A 15x15B "15x15C | ,15x15D | 15x15E | 15x15F
CE",ad MEa‘er!a" ‘ 2 7R ZZR 2 ZR 2 7R . 2Z¢ZR 2 ZR
Design Initial U <475 495
(kgfassy.) = - ----| <4B4468 <464 468 - | <464 468 <475 495 <475495 | =
(Note 3) . ‘
Initial Enrichment
(MPC-24, 24E and <4.1(24) <4.1(24) <4.1(24) <4.1(24)- | <4.1(28) <4.1(24)
24EF without soluble” '
boron credit) <45 <45 <45 . <45 . <45 <45
(Wt % =U) (24E/24EF) | (24ER4EF) | (24Er24EF) | (24E/24EF) |- (24E/24EF) | (24Er24EF)
(Note 7)
Initial Enrichment
(MPC-24, 24E, 24EF,
ggfuot:ls iﬁ::)l;hcredit . =50 =50 =50 =50 =50 =50
see Notes § end-#) ? -
(wt % ZU)
E:c:lfl : :Se' Rod 204 204 204 208 © 208 208
zr‘]";' Rod Clad 0.D. - >0.418 >0420 >0.417 >0.430 >0.428 >0.428
:r‘]“;' Rod Clad 1.D. <0.3660 "<0.3736 <0.3640 <0.3800 '<0.3790 <0.3820
Fuel Pellet Dia. (in.) <0.3580 <0.3671 <0.3570 <0.3735 <0.3707 <0.3742
Fue! Rod Pitch (in.) <0550 <0563 <0.563 <0.568 <0568 |- <0.568
2?;"8 FuelLength - <150 | <150 <150 <150 | <150 <150
No of Guide and/or oo " N : T i
Instrument Tubes 21 2 21 17 17 7
f:t'ge#:f:;ﬁg";"(tm ) >00165_ | 0015 >00165 .| =>0.0150 >0.0140 >0.0140
Certificate of Compliance No 1014
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Table 2.1-2 (page 3 of 4)
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly 15x15G 15x15H 16x16A 17x17A 17x17B 17x17C
Array/ Class
Clad Material

SS ZZR ZZR ZZR ZZR 2 ZR
Nete-}
Design Initial U <420
(kg/assy.) = <475 495 <443 <467428 <467 469 <474 475
(Note 3)
Initial Enrichment
(MPC-24, 24E, and <40(24) <38(24) <4.6(24) <4.0(24) <40(24) <4.0(24)
24EF without soluble
boron credit) <45 <42 <50 <44 <44 <44
(wt % =U) (24E/24EF) (24E/24EF) (24E/24EF) (24E/24EF) (24E/24EF) (24E/24EF)
(Note 7)
Initial Ennchment
(MPC-24, 24E, 24EF,
32, or 32F with <50 <50 <50 <50 <50 <50
soluble boron credit
- see Notes 5 end-%)
(wt % =U)
No of Fuel Rod 204 208 236 264 264 264
Locations
:::e)' Rod Clad O D. >0.422 20.414 >0.382 >0.360 >0.372 >0.377
E:‘;' Rod Clad I.D. <0.3890 <0.3700 <03320 <0 3150 <03310 <0.3330
Fuel Pellet Dia. (in.) <0.3825 <0.3622 <0.3255 <03088 <0.3232 <0.3252
Fuel Rod Pitch (in.) <0.563 <0.568 <0.506 <0496 <0.496 <0.502
ﬁgt;"e FuelLength <144 <150 <150 <150 <150 <150
No. of Guide and/or
Instrument Tubes 21 17 5 (Note 4) 25 25 25
Guide/Instrument
Tube >0.0145 >00140 >0.0400 >0016 >0.014 >0020
Thickness (in.)
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Table 2.1-2 (page 4 of 4)
PWR FUEL ASSEMBLY CHARACTERISTICS

L]

. All dlmensmns are design nominal values. Maxrmum and minimum dlmenswns are specufled to
bound vanatlons in design nominal values among fuel assemblies within a given array/class.

/3 'Delet‘ed.

. 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 maybe increased up to 2.0 percent for comparisonwith users’ fuelrecords to account
for manufacturer’s tolerances.

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

. This fuel asserhbly array/class includésA onlyr the Iﬁdiéﬁ Point Unit 1 fuel assembly. This fuel

assembly has two pitches in different sectors of the assembly. These pitches are 0.441 inches and
0.453 mches

. For those:MPCs loaded with both INTACT FUEL ASSEMBLIES and DAMAGED FUEL

ASSEMBLIES oor FUEL DEBRIS, the maximum initial enrichment of the INTACT FUEL
ASSEMBLIES DAMAGED FLJEL ASSEMBLIES and FUEL DE‘BRIS is4.0wt.% ?35U.

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

Approved Contents

Fuel Assembly 6X6A 6x6B 6x6C 7x7A 7x7B 8x8A
Array/Class
Clad Matenal

ZF ZR ZZR Z IR ZZR Z ZR ZrZR
Nete2)
Design Initral U < <11 < < <120
(kalassy.) (Nofe 3) <110 <110 <110 <100 <195
Maximum PLANAR- < 2.7 forthe
AVERAGE INITIAL UQ, rods.
ENRICHMENT <27 See Note 4 <27 <27 <42 <27
(wt.% =U) for MOX
{Note 14) rods
Initial Maximum Rod
Enrichment <490 <40 <40 <55 <50 <40
(Wt.% =U)
No. of Fuel Rod 350r36(up
Locations 350r36 to 3 MOX 36 49 49 63 or64

rods)

:;";' Rod Clad O.D. >0.5550 | >05625 >0.5630 >0 4860 >05630 | >0.4120
Z: ?' Rod Clad 1.D. <05105 | <04945 | <04900 | <04204 | <o0.4090 | <03620
Fuel Pellet Dia. (in.) <0.4980 <0.4820 <0 4880 <0.4110 <0.4910 <0 3580
Fuel Rod Pitch (in) <0.710 <0.710 <0.740 <0.631 <0738 <0.523
fi‘rft;"e FuelLength <120 <120 <775 <80 <150 <120
No. of Water Rods
(Note 11) 1or0 1or0 0 0 0 1orQ
Water Rod
Thickness (in ) >0 >0 N/A N/A N/A >0
g:?“”e' Thickness <0060 <0060 <0.060 <0.060 <0120 <0.100
Certificate of Complhiance No. 1014
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Table 2.1-3 (2 of 5)
BWR FUEL ASSEMBLY CHARAQTERISTICS (Note 1)
- -1
:‘r're; Qéf:s";b'y .- 8x8B 8x8C * 8x8D 8X8E 8x8F 9x9A
Clad Matenal - . - ZeZR 2e 7R “ZeZR 2 ZR ZZR" 2 ZR
Design Initial U ’ . ‘ <191 :
| (kgfassy.) (Note 3)~ - 2454 192 <494+ 183 <494 183 <494 183 < <479 180
Maximum PLANAR- . N
AVERAGE INITIAL
ENRICHMENT <42 <42 <42 <42 <40 <42
(Wt.% ZU)
(Note 14)
lrutial ngim_u_nl Rod 3 B . . .
Enrichment <5.0 <50 <50 <50 <50 <5.0
(WL% ZU)
No. of Fuel Rod _ " 74166
u Locations = " -63 or 64 62 - 60 or 61 59 64 (Note 5)
zg‘;’ Rod Clad O.D. >0.4840 --| >04830 >0.4830 >0.4930 >0.4576 >0.4400
- ::(;l Rod Clad1d... <04295 <04250 <04230 ‘204250 -| <0.3996 <0 3840
Fuel Pellet Dia. (in)) ~ <0.4195 <0.4160 <04140 | <0.4160 | <0.3913 <0.3760
Fuel Rod Pitch (in.) <0.642 <0.641 | <0.640 <0640 - | <0.609 <0.566
E::;ﬁ: gst;"e Fuel <150 <150 <150 <150 <150 - <150 .
No of Water Rods : 1-4 N/A )
(Note 11) Tor0 2 (Note 7) 5 (Note 12) 2
x\:la)ter Rod Thickness 50034 - >0.00 > 0.00 >0.034 >0.0815 - 0.00
(CI:";'"”E' Thickness | <0120 - |-~ <0120~ |- <0120 -| <0100 | <0085 | <020
\_/ 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 9x9E 9x9F
Array/Class 9x38 9x9C 9x9D (Note 13) (Note 13) 996G
Clad Material

¢ ZR Ze 7R 2¢ 2R 2 2R ZeZR Zr ZR
Note2)
Design Initial U <+29173 | <+78175 <479 175 <479183 | <+79183 | <479 157
(kg/assy.) (Note 3)
Maximum PLANAR-
AVERAGE INITIAL
ENRICHMENT <42 <42 <42 <40 <40 <42
(Wt.% 2U)
(Note 14)
Initial Maximum Rod
Enrichment <50 <50 <50 <50 <50 <50
(Wt.% U)
No. of Fue| Rod 72 80 79 76 76 72
Locations
::‘;' Rod Clad O D. 204330 | 204230 >04240 204170 | 04430 | 04240
g ;";" Rod Clad 1 D. <03810 <0 3640 <0 3640 <0.3640 <0 3860 <0 3640
Fuel Pellet Dia. (in.) <0.3740 <0.3565 <0.3565 <0.3530 <0.3745 | <0.3565
Fuel Rod Pitch (in ) <0.572 <0.572 <0.572 <0572 <0572 <0.572
Design Active Fuel <150 <150 <150 <150 <150 <150
Length (in.) = = - = = =
No. of Water Rods 1
(Note 11) 1(Note 6) 1 2 5 5 (Note 6)
ma)‘e' Rod Thickness >0.00 >0.020 >0 0300 >0.0120 | »00120 | >00320
Channel Thickness <0.120 <0100 <0.100 <0.120 <0.120 <0.120

(in)
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Table 2.1-3 (page 4 of 5)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)
-1 | Fuel Assembly Array/Class 10x10A 10x10B 10x10C 10x10D 10x10E
Clad Matenal {Nete-2} Zr 2R Z ZR " ZZR SS SS
Design Initial U (kg/assy.) (Note 3) ; <188 <188 <488 =17,'2 <125 ‘ <125
Maximum PLANAR-AVERAGE INITIAL )
ENRICHMENT - ‘ : PO ‘
(wt.% =U) <42 <42 <42 <40 <40
(Note 14) - Lo
Initial Maximum Rod Enrichment , N
(W% =) <50 <50 <50 50 <50
No. of Fuel Rod Locations 92/78 91/83
: : (Note8) | . (Note 9) 96 . 100 96
Fue! Rod Clad O.D. (in.) >0.4040 >0.3957 >0.3780 >0.3960 >0.3940
Q Fuel Rod Clad L.D. (in.) <0.3520 <0.3480 <0.3294 <0.3560 <0.3500
Fuel Pellet Dia. (in.) <0.3455 <0.3420 <0.3224 <0.3500 <0.3430
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(Note6) -{ 5(Note10) - . 0. 4
Water Rod Thickness (in ) >0.0300 >000 20031 N/A >0.022
Channel Thickness (in.) . <0.120 - <0.120 <0055 <0.080 <0.080
\/ Certificate of Compliance No. 1014
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Approved Contents
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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.

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 %*'Pu), (wt. % of total fuel
weight, i.e., UQ, 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.

Certificate of Compliance No. 1014
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Table 2.1-4
.TABLE DELETED
- RUEL-ASSEMBLY-COOLING-AND-MAXIMUM-AVERAGE-BURNUR
(l [INN=falelV. B =] !E_l | ﬁAnIM(‘)
Post- MPE-24 MPE-ZAER4EF MPE-24E24EF - MPG-32 MPE-68/66FF MPC-68f66FF
| frradiation PWR PWR-Assembly PWR-Assembly PWR BWRAssembly BWR-Assembly
€ooting Assembly Bumup Burnup- Assembly Burmup
© Fime - Burnup NTAETFUELE {BAMAGED-FUEL Burnup- HNTAETFUEL {DAMAGEBFUEL
{fyears) NFACTFUEL ASSEMBHIES) ASSEMBHES-AND HNTAETFUER ) ASSEMBHIES) ASSEMBHIES-AND
: ASSEMBHIES) {MWDMTH) FUELDBEBRIS) ASSEMBHES MWBIMTH) FUEL-BEBRIS)
. “MWBMTY) MYBIMTY) MWBMTL} MWD
>5 45:800 44100 36:200 32:208 35760
>6 45,060 45860 43700 36-600 30;980
7 45,800 46388 44600 356606 40758
>8 48;366 48,808 45860 39:806 42:8008
>0 66:398 &50,708 48768 44,560 44,700
213 83106 §3-768 64500 44409 44200
a3 64;560 £5:166 £2.666 46:060 48:580
>3 §6:660 £6:300 83;860 45700 49,868
_>_-;14 ‘68—586 84108 £4-800 46-660 60:705
>16 64408 £8:668 66:868 47260 64668
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Table 2.1-5
TABLE DELETED

FUEL-ASSEMBLY COOUNGAND-MAXIMUM-DECAY-HEAT-

AINNECRAL DL | YADINOSY
— AR iaean- s - 'l

Post- MPE-24  MPG-MER4EF  MPG-24ER4EFR 8 MPE-32 0 MPG-68/6BFF MPG-6B68FF
trradiation PWR PWR PWR-Assembly PWR BWR BWR-Assembly
Cooling = Assembly = Assembly Pecayteat = Assembly = Assembly Becay-Heat
Fime = = PDBecayHeat = BecayHeat = (DAMAGEDTUEL BDecayHeat = BecayHest  (DAMAGED-FUEE

{Watts) {Wetts) {Watts) {Watts) {Watts) {Watts)
a5 1152 1173 FEPTY 808 434 393 |
26 1123 1138 1083 873 304 374 |
a7 1635 1643 e+ 855 353 345 |
=8 4025 1633 o84 865 360 342 |
P 1010 1623 872 764 368 345 |
19 1066 1612 gs2 289 365 332 )
a1t 095 1008 958 785 353 338 I\/
a2 82 1564 854 782 352 334 |
213 082 888 848 773 358 332 |
44 883 885 845 769 348 334 |
215 878 854 94+ 266 347 328 |
Notos————7>1—Linearinterpolation between pountsis permutted.
’
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Table 2.1-6 (page 1 of 2)
TABLE DELETED
FUEEASSEMBLY-COOHING-ANB-MAXIMEM-AVERAGE BURNUR-
(REGIONALIZED FUEL LOADING)
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Table 2.1-6 (page 2 of 2)

TABLE DELETED
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Table 2.1-7 (page 1 of 2)

TABLE DELETED

\_/' Certificate of Comphance No 1014
Appendix B 2-59



Approved Contents
20
N

Table 2.1-7 (page 2 of 2)

TABLE DELETED I
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Table 2.1-8
NON-FUEL HARDWARE COOLING AND AVERAGE BURNUP
Post-irradiation NEUTRON-POISON GUIDE TUBE CONTROL - APSR
Cooling Time INSERTS HARDWARE COMPONENT BURNUP
(years) (Note 3) (Note 4) {Note 5) (MWD/MTU)
BURNUP BURNUP BURNUP
(MWD/MTU) (MWD/MTU) (MWD/MTU)
>3 <26;606 24,635 " NA (Note 6) NA NA
>4 < 25;6088 30,000 <20,000 NA NA
>5 <36;806 36,748 <25,000 . <630,000 ) <45,000
>6 < 46,808 44,102 < 30,000 - <54,500
>7 < 45866 52,900 <40,000 - <68,000
. >8 < 58,688 60,000 <45,000 - ' <83,000
>9 <66;668 <50,000 - - T £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. Includes Burnable Poison Rod Assemblies (BPRAs), end Wet Annular Burnable Absorbers (WABAs), and
vibration suppressor inserts
4. Includes Thimble Plug Devices (TPDs), water displacement guide tube plugs, and orifice rod assemblies
5. Includes Control Rod Assemblies (CRAs), Control Element Assemblies (CEAs), and Rod Cluster Control
Assemblies (RCCAs)
6. NA means not authorized for loading
/ Certificate of Compliance No. 1014
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2.4  Allowable Cask and Fuel Assembly Bumup, Decay Heat, and Cooling Time

2.4.1

Uniform Fuel Loading

Tables 2.4-1 through 2.4-3 provide the maximum allowable decay heat and bumup per

Approved Contents

assembly as a function of minimum cooling time for uniform loading for each MPC model.

2.0

Table 2.4-1
Maximum Allowable Decay Heat and Bumup for the MPC-2424E/24EF - Uniform Loading
Maximum Burnup per Assembly (MWDIMTU) (By Array/Class)
Maximum
Minimum Decay
Cooling Heat per
Time Assembly 15X15 15X15 17X17
(yrs) (kW) 14x14A 14X148 14X14C AlBIC D/EIFIH 16X16A 17X17A BIC
3 1.666 45,940 41,011 41,372 34,270 32,340 37,239 36,657 33,358
4 1.666 62,330 55,413 55,337 47,673 45,294 51,350 51,491 46,834
5 1.666 74,792 66,288 65,727 57,748 54,871 62,039 62,914 57,084
6 1.666 75,000 74,319 73,354 65,267 62,062 69,975 71,558 64,721
7 1.666 75,000 75,000 75,000 71,011 67,495 75,000 75,000 70,451
8 1.666 75,000 75,000 75,000 75,000 71,738 75,000 75,000 75,000
9 1.666 75,000 75,000 75,000 75,000 75,000 75,000 75,000 75,000
1. Linear interpolation between points is permitted.

2 Decay heat limits include all sources of decay heat (ie., fuel and NON-FUEL HARDWARE).
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2.0
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2.4.1  Uniform Fuel Loading (cont'd)
Table 24-2
Maximum Allowable Decay Heat and Bumup for the MPC-32/32F - Uniform Loading
Maximum Burnup per Assembly (MWDIMTU) (By ArraylClass)
- - Maximum - - - -
Minimum Decay
Cooling Heat per
Time Assembly 15X15 15X15 ] 17X17
(yrs) (kW) 14x14A | 14X14B 14X14C AlBIC DIEIFIH 16X16A |- 17X17A BIC
L3 -1.250 33,672 29,927 | - 30,083 24,944 23, 549 -27,135 26,800 24,353
4 1.250 47,316 42,131 41,984 -| 36,302 34,559 -| 39,101 "| 39,203 35,740
. 5 1.250 57,703 51,203 50,690 44,671 ;12,553 48,025 48,688 44,241
6 1.250 65,404 57,850 57, 023 50,832 48,538 54,499 -| 55,781 50,493
7 - 1.250 71,165 62,847 ‘61,715 55,538 52,932 59,398 61,079 55,221
8 . 1.250 75,000 66,759 - 65,454 59,103 56,331 ' 63,234 |- 65,178 58,832
l\/ 9 1.250 -75,000 69,958 |- 68,488 62,040 59,078 66,313 68,496 | ~°61,786
10 1.250 75,000 72,667 71,132 64,614 61,352 - 68,925 71,371 | ~ 64,241
11 1.250 75,000 75,000 73,427 66,700 63,360 71,247 | 73,778 66,418
12 1.250 75,000 75,000 75,000 68,642 65,169 73,279 75,000 | 68,325
13 1.250 75,000 75,000 75,000 70,491 66,870 75,000 75,000 70,122
14 1.250 75,000 75,000 75,000 72,251 68,409 75,000 75,000 71,862
15 1.250 75,000 75,000 75,000 73,844 69,924 75,000 75,000 73,429
16 1.250 75,000 75,000 75,000 75,000 71,425 75,000 75,000 75,000
17 1.250 75,000 75,000 75,000 75,000 72,793 75,000 75,000 75,000
18 1.250 75,000 75,000 75,000 75,000 74,249 75,000 75,000 75,000
19 1.250 75,000 75,000 75,000 75,000 75,000 75,000 75,000 75,000
1. Linear interpolation between points is permitted.
2 Decay heat Imits include all sources of decay heat (ie., fuel and NON-FUEL HARDWARE).
N4 Certificate of Compliance No 1014
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2.4.1  Uniform Fuel Loading (contd)
Table 2.4-3 (page 1 of 2)
Maximum Allowable Decay Heat and Bumup for the MPC-68/68FF - Uniform Loading
Maximum Burnup per Assembly (MWDIMTU) (By Arrayl/Class)
Maximum
Minimum Decay
Cooling Heat per
Time Assembly
(vrs) (kW) 7x78 8x8B 8x8CIDIE . 9x9A 9x98
3 0.588 31,037 32,499 33,688 34,179 35,567
4 0.588 43,297 45,195 46,857 47,477 49,477
5 0.588 52,283 54,440 56,456 57,337 59,835
6 0 588 58,838 61,287 63,556 I 64,612 67,531
7 0.588 63,857 66,403 68,974 70,000 70,000
8 0.588 67,800 70,000 70,000 7b, 000 70,000
9 0.588 70,000 70,000 70,000 70,000 70,000

1.

2

Linear interpolation between points is permitted.

Decay heat limits include all sources of decay heat (ie., fuel and NON-FUEL HARDWARE).

Certificate of Comphance No. 1014

Appendix B

2-64

2.0




—

Approved Contents
2.0

2.4.1 Uniform Fuel Loading (cont’d) -

- Table 2.4-3 (page 2 of 2)
Maximum Allowable Decay Heat and Bumnup for the MPC-68/68FF - Uniform Loading

Maximum Burnup per Assembly (MWDIMTU) (By ArraylClass) |
Maximum
Minimum Decay
Cooling Heat per
Time Assembly
(yrs) (kW) 9x9CID 9xSEIF 9x9G 10x10AIB 10x10C
3 0 588 35,123 33,299 38,533 32,790 35,614 |
4 0.588 48,925 46,157 53,602 45,498 49,475 I
5 0.588 59,133 55,559 65,015 54,784 59,784 |
6 0.588 66,681 62,479 70,000 61,652 67,423 |
7 0.588 70,000 67,792 70,000 66,796 70,000 |
8 0.588 70,000 70,000 70,000 70,000 70,000 |

1.

2.

Linear interpolation between points is permitted.

Decay heat limits include all sources of decay heat (i.e., fuel and NON-FUEL HARDWARE).
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2.0
/
Regionalized Fuel Loading
The allowable maximum decay heat and burnup per assembly as a function of mimimum
cooling time for regionalized fuel loading shall be calculated as follows (Regions are defined in
Figures 2.1-1 through 2.1-4) :
HOLTEC PROPRIETARY INFORMATION d
N
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N
HOLTEC PROPRIETARY INFORMATION
N
2.4.2.5 Linear mterpolarlon Is permitted between points after the values for fuel assembly decay
heat in Region 1 (Qregens) @and bumnup (B) are calculated.
2.4.2.6 Decay heat limits per assembly are app//cable to all sources of decay heat (I e, fuel
and NON-FUEL HARDWARE). - - -
AN Certificate of Comphance No 1014
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2.4.2 Regionalized Fuel Loading (cont'd)

Table 2.4-4 summarizes the sources for the generic values for the coefficients that are based
on the thermal analysis, the values input by the cask user, and the values that are calculated
to determine the allowable maximum decay heat and burnup per assembly for Regions 1 and
2 as a function of cooling time.

Table 2.4-4
Source of Values for Regionalized Storage Computations

VARIABLE SOURCE I
Niegon 1 Provided in Table 2.4-5 |
Niegon 2 Provided in Table 2.4-5 |
Q Provided in Table 2.4-6 |

A, Provided in Table 2.4-6 |

A, Provided in Table 2.4-6 |

A, Provided in Table 2.4-6 |

D, Provided in Tables 2.4-7 and 8 |

D, Provided in Tables 2.4-7 and 8 |
QRegon 2 Input by user |
Tregon 1 Calculated |

B Calculated |

Table 2.4-5 provides the values for Npy, 11 Neggen » and QRregion 2 fOr the various MPC models.

Table 2.4-5
Regionalized Storage Non Cooling Time-Dependent Inputs
MPC MODEL Nregion 1 Neegion 2 Q region 2 DRegion 2
(Maximum) (Maximum) (Minimum) (Maximum)
(kW) (kW)
24/24E|24EF 4 20 0.900 1.666
32/32F 12 20 0.600 1.250
68/68FF 32 36 0.275 0.588

Certificate of Comphance No. 1014
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2.4.2 Regionalized Fuel Loading (contd)

Table 2.4-6 provides the values for Q, A, A,, and A, for the various MPC models.

Table 2.4-6
Additional Regionalized Storage Non-Cooling Time-Dependent Inputs
o : MPC Q l
: Model (kW) A, A x10° A, x10° |
24/24EI24EF - 40 0.48861 9.8125 1.6594 |
32/32F 40 0.77891 5.8735 1.1880 |
66/68FF 40 0.83760 -3.9413 54811 1
Certificate of Compliance No. 1014
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2.4.2 Regionalized Fuel Loading (cont'd)

Tables 2.4-7 and 24-8 provide the cooling time-dependent values used to calculate the
maximum allowable fuel assembly decay heat and bumups for regionalized fuel loading, using

the preceding equations.
Table 2.4-7 (page 1 of 2)
PWR Fuel Cooling Time-Dependent Inputs
ArraylClass . ArrayiClass Array/Class ArraylClass
14x14A 14X14B 14X14C 15X15AIBIC
Minimum
Cooling
Time - -

(yrs) D, D, D, D, D, D, D, D,
3 -3,452 29,674 -3,295 26,580 -3,863 27,146 -2,932 22,311 |
4 2,313 36,003 2,318 31,851 1,958 32,021 1,651 27,707 ]
5 6,476 40,982 5,986 36,174 5,615 36,060 5,473 31,359 |
6 8,932 45,178 8,480 39,496 8,068 39,164 7,561 34,617 |

7 10,277 48,711 9,744 42,483 9,435 41,824 9,157 37,107 ]
8 11,126 51,701 10,619 44,912 10,174 44,224 9,583 39,61\6'/ \r/
9 11,727 54,243 11,153 47,044 10,697 46,233 10,167 41,499 l
10 12,211 56,418 11,641 48,821 10,745 48,310 10,616 43,119 |
11 12,131 58,857 11,596 50,830 11,105 49,858 10,577 44,899 ]
12 12,501 60,571 11,908 52,306 10,964 51,688 10,901 46,193 [
13 12,252 62,835 11,781 54,081 10,809 53,443 10,756 47,778 |
14 12,762 64,097 11,672 55,734 11,126 54,610 10,559 49,354 |
15 12,591 66,102 12,049 56,822 10,945 56,252 10,864 50,384 ]
16 12,794 67,586 11,853 58,482 11,199 57,397 10,739 51,781 |
17 12,668 69,452 11,607 60,201 11,122 58,856 10,524 53,262 I‘-\
18 13,122 70,568 11,946 61,239 10,970 60,382 10,822 54,203 |
19 12,924 72,471 11,736 62,865 11,129 61,592 10,660 55,587 |
20 12,802 74,333 12,182 63,735 10,884 63,240 10,428 57,098 |
|
|
Certificate of Comphance No. 1014 Y, ./
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2.4.2 Regionalized Fuel Loading (cont'd)
Table 2.4-7 (page 2 of 2)
PWR Fuel Cooling Time-Dependent Inputs
ArrayiClass ArraylClass "ArraylClass .. ArraylClass
15x15DIEIFIH 16x16A 17x17A 17x17BIC
Minimum -
Cooling
Time ; -
(yrs) D, D, D, D, D, D, D, D,
3 -2,723 21,032 | -3003 | 24,124 -2,507 23,533 -2,564 21,544
4 1,847 | 26,151 1,834 | 29,832 2,080 29,706 . 1,690 27,222
5 5,627 29,541 6017 | 33607 6,043 34,116 5,741 30,800
6 7,997 | ‘32433 | 8111 | 37111 8489 | 37,834 7,842 . 34,121
7 9,276 | 34925 | 9833 | 39652 9,748 41,065 9,569 36,522
8 10,146 36,946 | 10,129 | 42484 10,551 43,702 9,889 | 39,155
9 10,666 38,730 | 10,761 | 44,442 11,083 45,931 10,349 . | 41,150
10 10,690 40,530 | 11,129 | 46,237 11,019 | 48282 10,853 * | 42711
11 11,123 | 41,790 | 11,069 | 48143 11,423 | 49,884 10,751 44,534
12 11,044 43,300 .| 11,472 | 49446 | 11,245 51,855 11,113 45,770
13 10,855 | 44,812 | 11,340 | 57,100 11,564 - | 53193 |" 10930 . | 47,347
14 "~ 7| 11,148 45809 | 11,119 | 52806 | 11,388 54,940 10,779 48,867
15 11,011 47,131 | 17,439 | ~ 53,890 11,116 56,717 11,063 49,893
16 | 10,833 | . 48474 | 11,246 | 55447 11,441 | 57,828 10,924 51,276 .
17 11,167 | 49,301 " | 11,082 | 56956 | 11238 | s9488 | 10,788 52,643
18 | 10957 | 50634 | 11,342 | 58006 11,060 61,099 | 10,949 53,709
19 10,604 | 51,915 | 11,183 |. 59494 | 11,353 62,178 - | . 10,819 55,048
20 10,663 53,171 | 11,035 | 60989 | 11,043 63,938 10,626 56,469
Certificate of Compliance No. 1014
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24.2 Regionalized Fuel Loading (cont'd)
Table 2.4-8 (page 1 of 2)
BWR Fuel Cooling Time-Dependent Inputs
ArraylClass ArraylClass Arrayl/Class ArraylClass Array/Class
7x78B 3x88 8x8CIDIE 9x9A 9x98
Minimum
Cooling
Time
(yrs) D, D, - D, D, D, D, D, D, D, D,
3 -3,108 58,070 -3,485 | 61,198 | -3,271 62,856 -3,250 63,655 -3,718 -} 66,812
4 725 72,403 518 75,982 668 78,553 830 79,333 719 82,923
5 4,237 81,711 4,187 85,465 4,593 88,204 |- 4,539 89,794 4,486 94,131
6 6,483 89,040 6,375 93,374 6,825 96,482 6,737 98,427 6,718 103,424
7 7,565 895,735 7,920 | 99,461 8,114 103,505 7,989 105,694 7,957 111,296
8 8,311 ‘ 101,172 | 8,220 | 106,093 | 8,637 109,994 8,625 112,217 8,520 118,470
9 8,700 106,055 8,614 111,207 | 9,135 115,182 8,958 117,846 8,847 124,675
10 8,775 110,760 9: 050 | 115,329 | 9,037 120,884 9,405 122,419 8,897 130,461
11 8,984 114,609 | 8,909 | 120,252 | 9,333 124,937 9,277 127,541 9,147 135,087
12 8,752 119,084 | 9,058 | 123,931 } 9,348 129,214 | 9,403 131,835 9,243 139,505
13 8,874 | 122,457 | 8877 | 128,204 | 9,439 132,999.1 9,519 135,466 9,319 143,799
14 8,979 125,614 | 9,102 | 131,306 | 9,413 136,918 9,635 139,196 9,872 146,416
15 8,874 129,275 | 8,920 | 135,292 | 9,666 139,956 9,487 143,368 9,920 150,231
16 3,896 132,463 8,880 138,838 | 9,442 144,090 9,373 147,315 9,516 155,447
17 8,967 ’135,4’57 9,099 | 141,468 | 9,321 147,823 9,711 150,043 9,755 158,439
18 8,673 ;139,37_9 8,981 145,106 9,305 151,561 9,583 154,061 9,582 162,837
19 8,856 142,079 | 8,688_| 149,308 | 9,511 154,395 | 10,041 156,191 10,329 164,705
20 8,789 “145,330 9,189 151,243 | 9,328 158,504 9,735 160,688 9,888 169,600
Certificate of Compliance No. 1014
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2.4.2 Regionalized Fuel Loading (cont'd)
Table 2.4-8 (page 20f 2)
BWR Fuel Cooling Time-Dependent Inputs
ArraylClass ArraylClass ArrayiClass ArraylClass ArraylClass
9x9CID 9x9EIF 9x9G 10x10AIB 10x10C
—— Minimum
Cooling
Time
(yrs) D, D, D, D, D, D, D, D, D, D,

3 -3,421 65,552 -3,036 61,795 -4,038 72,401 -3,270 | 61,327 -3,507 66,533

4 773 81,892 977 76,838 864 89,692 774 76,062 933 82,556

5 4,396 93,091 4,923 86,117 4,574 102,791 4,693 85,190 4,809 93,495
6 6,634 102,121 7,198 94,016 6,900 113,239 6,623 93,587 7,062 102,655
7 8,052 109,433 8,342 101,107 8,059 122,558 | 8,185 99,680 8,247 110,658
8 8,693 116,789 9,041 106,990 8,708 130,518 | 8,767 | 105,770 8,833 117,680
9 8,868 122,554 9,406 112,370 9,152 137,270 | 8,984 | 111,290 9,205 123,746
U \/ / 10 9,129 127,725 9,469 117,473 9,828 142,025 | 9,297 | 115,715 9,302 129.505
11 9,318 132,394 9,767 121,401 | 10,637 | 145909 | 9,158 | 120,625 9,730 133,637
12 9,305 137,044 9,672 126,067 | 10,263 | 151,870 | 9,331 | 124,390 9,570 138,712
13 9,723 140,106 9,903 129,164 | 10,502 | 156,166 | 9,390 | 128,008 9,938 142,149
14 9,465 144,861 9,741 133,237 | 10,448 160,869 9,404 131,729 | 10,379 145,109

15 9,940 147,584 9,602 137,141 10,975 163,765 | 9,383 135,289 | 10,281 149,291
16 9,671 152,067 9,981 139,608 | 10,640 169,223 9,161 139,248 9,897 154,252
17 9,759 155,614 9,658 143,909 | 10,914 172,628 | 9,434 141,834 | 10,273 157,172
18 9,818 159,043 | 10,169 | 145848 | 11,131 | 175,965 | 9,150 | 146,012 | 10,259 | 160,778
19 9,783 162,824 10,061 149,594 12,795 174,974 9,501 148,390 | 10,818 163,033

20 10,646 163,852 9,997 153,051 12,250 180,885 9,552 | 151,491 10,749 168,851
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Design Features
30

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 varlous sne locations under the provisions of 10
CFR72, SubpartK. ~ - -

32

324 °  MPC-24E and MPC-24EF

Desigq Fegtures Impcrtant for Cntucahty bpﬁt?bl i -

PR
L

321  MPC-24
1. Flux trap size: > ‘!.09 in.
2. 9B loading in the Besat neutron absorbers > 0.0267 g/cm?

322 MPC-68 and MPC-68FF

.7 1. " Fuelcell pitch. >6.43in.

2, 98 loading in theBeFa’r neutron absorbers >0.0372 g/em?

L]

323 ‘MPCBBF : . S

i H -~

'1.J Fuelcellpltch >643m PN

2. 08 |oading in the Berat neutron absorbers >0.01 g/cm?

. 1. Flux trap size
i. Cgsllé 3,6, 18, and 22: > 9._776 inch
ii: All Other Cells* > 1.076 ir)ches
2. 198 [oading in the Berat ne;utron absorb;ars: >0.0372 g/cm?
325 MPC-32 and MPC-32F
1. ~Fue':[ cell} pitcb' E4 9: 1'§§inichgs o .

2. 98 loading in the Berat neutron absorbers: > 0 0372 g/cm?

326 Fuel spacers shall be sized to ensure that the active fuel region of intact fuel assemblies
remains within the Beral neutron poison region of the MPC basket with water in the MPC

Certificate of Comphance No. 1014
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Design Features
3.0

DESIGN FEATURES

3.3 Codes and Standards

The American Society of Mechanical Engineers Boiler and Pressure Vessel Code (ASME Code),
1995 Edition with Addenda through 1897, is the governing Code for the HI-STORM 100 System, as
clarfied in Specification 3.3.1 below, except for Code Sections-V and IX. The latest effective
editions of ASME Code Sections V and IX, including addenda, shall be used for activities governed
by those sections. American Concrete Institute (ACI) 349-85 is the governing Code for plain
concrete as clarified in Appendix 1.D of the Final Safety Analysis Report for the HI-STORM 100
Cask System.

33.1 ExceptionsAlternatives to Codes, Standards, and Criteria

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

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

Proposed alternatives to the ASME Code, Section Iil, 1995 Edition with Addenda
through 1997 including exceptions allowed by Specification 3.3.1 may be used on a
case-specific basis when authorized by the Director of the Office of Nuclear Material
Safety and Safeguards or designee. The request for such alternative should
demonstrate that:

1. The proposed alternatives would provide an acceptable level of quality and
safety, or

2 Compliance with the specified requirements of the ASME Code, Section lll,
1995 Edition with Addenda through 1997, would result in hardship or unusual
difficulty without a compensating increase in the level of quality and safety.

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

(continued)
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Table 3-1 (page 1 of 59) -

LIST OF ASME CODE EXGERTIGNSALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component . _Reference _ Code Requilrement ~ExeeptionAlternative, Justification &
ASME Code Compensatory Measures
~ Section/Article ) .
MPC, MPC Subsectioq NCA General Réquirements. Because the' MPC, OVERPACK, and TRANSFER
basket - Requires preparation CASK are not ASME Code stamped vessels, none of
assembly, HI- of a Design . | the spec:flcat:ons reports, certificates, or other
STORM - Specification, Design general requ:rements specified by NCA are required.
OVERPACK Report, Overpressure . | In lieu of a Design Specification and Design Report,
steel Protection Report, the HI-STORM FSAR includes the design cnteria,
structure, and ; ) . Certification of service conditions, and load combinations for the
+ | HI-TRAC o . | Construction Report, . design and operation of the HI-STORM 100 System as
TRANSFER Data Report, and other | well as the iresults of the stress analyses to
CASK steel admirustrative controls demonstrate that applicable Code stress limits are
structure foran ASMEbode met. Additionally, the fabricator is not required to have
stamped vessel. an ASME-certified QA program. All important-to-safefy
activities are governed by the NRC-approved Holtec
. QA program. .
Because the cask components are not certified to
the Code, the terms “Certificate Holder” and
R “Inspector™ are not germane to the manufacturing of
NRC-certified cask components. To eliminate
. ambiguity, the responsibilities assigned to the
Certificate Holder in the various articles of
' ! Subsections NB, NG, and NF of the Code, as :
applicable, shall be interpreted to apply to the NRC
Certificate of Comphance (CoC) holder (and by
extension, to the component fabricator) if the
requirement must be fulfilled The Code term
“Inspector” means the QAIQC personnel of the CoC
holder and its vendors assigned to oversee and .
inspect the manufacturing process. !
MPC NB-1100 Statementof : MPC enclosure vessel is designed and will be
requirements for Code fabricated in accordance with ASME Code, Section
stamping of Ill, Subsection NB to the maximum priactlcal extent,
components. but Code stamping 1s not required.
i
H
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. .. . Table3-1(page20f59) )
LIST OF ASME CODE EXGERTHONSALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement ExceptionAlternative, Justification &
ASME Code Compensatory Measures
Section/Article
MPC basket NB-1130 NB-1132.2(d) requires The MPC basket supports (nonpressure-retaining
supports and that the first structural attachment)and lift lugs (nonstructural
Ift lugs connecting weld of a attachments used exclusively for lifting an empty

nonpressure-retaining
structural attachment
to a component shall
be considered part of
the component unless
the weld is more than
2t from the pressure-
retaining portion of the
component, where tis
the nominal thickness
of the pressure-
retaining material.

NB-1132.2(e) requires
that the first
connecting weld of a
welded nonstructural
attachment to a
component shall
conform to NB-4430 if
the connecting weld 1s
within 2t from the
pressure-retaining
portion of the
component

MPC) are welded to the inside of the pressure-
retaining MPC shell, but are not designed in
accordance with Subsection NB. The basket
supports and associated attachment welds are
designed to satisfy the stress imits of Subsection
NG and the lift lugs and associated attachment
welds are designed to satisfy the stress limits of
Subsection NF, as a minimum. These attachments
and their welds are shown by analysis to meet the
respective stress limits for their service conditions.
Likewise, non-structural items, such as shield plugs,
spacers, etc. if used, can be attached to pressure-
retaining parts in the same manner
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Table 341 (page 3 of 59)

"LISTOF ASME CODE B(GEP:FIGNSALTERNA TIVES FOR HI-STORM 100 CASK SYSTEM

Component’ Reference Code Requiremént ExeephenAltematlve, Justification &
- ASME Code s Compensatory Measures !
Section/Article . e T e e
MPC NB-2000 Requires materials to Matenals will be supplied by i-loltec épproved )
’ ' be supplied by ASME-- suppliers with Certified Materlal Test Reports j
approved material " | (CMTRs)in accordance with NB- 2000 requ:rements
supplier. < .
MPC, MPC NB-3100 Provides requir‘ements These requiref;lents are nof appl/cable. The HI- :
basket NG-3100 for determining design STORM FSAR, serving as the Desigr:r Specification,
assembly, HI- NF-3100 - loading conditions, establishes the service conditions and load
STORM such as pressure, combinations for the storage system.
OVERPACK temperature, and :
and HI-TRAC . t mechanical loads. : :
TRANSFER : ; :
CASK~ R o - T
MPC NB-3350 NB-3352.3 requires, - Due to MPC basket-to-shell interface requirements,

for Category C jomnts, -
that the mintmum
dimensions of the
welds and throat
thickness shall be as
shown in Figure NB-
4243-1. ’

in -,

4

the MPC shell-to-baseplate weld *joint design
(designated Category C) does not include a reinforcing
fillet weld or a bevel in the MPC baseplate, -which
makes 1t different than any of ‘the representative
configurations depicted in Figure ;NB-4243-1.  The
transverse thickness of this weld is equal fo the
thickness of the adjoining shell (112 inch). The weld is
designed as a full penetration weld that receives VT
and RT or UT, as well as final  surface™ PT
examinations. Because the MPC shell design
thickness is considerably larger than the minimum
thickness required by the Code, a reinforcing fillet weld
that would intrude into the MPC cawvity space is not
included. Not including this fillet weld provides for a
higher quality radlographlc exam/nat/on of the full
penetration weld.’ - \

‘From the standpomt of stress analysis, the f/llet weld -

serves to reduce the local bending stress (secondary
stress) produced by the gross structural :
discontinuity defined by the flat plate/shell junction. ;
In the MPC design, the shell and baseplate -
thicknesses are well beyond that required to meet

their respective membrane stress intensity imits.
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Table 3-1 (page 4 of 59)
LIST OF ASME CODE EXGERHONSALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement ExeeptienAlternative, Justification &
ASME Code Compensatory Measures
Section/Article
MPC, MPC NB-4120 NB-4121.2, NG- In-shop operations of short duration that apply heat to
Basket NG-4120 4121.2, and NF-4121.2 a component, such as plasma cutting of plate stock,
Assembly, HI- NF-4120 provide requirements welding, machining, coating, and pouring of lead are
STORM for repetition of tensile not, unless explicitly stated by the Code, defined as
OVERPACK orimpact tests for heat treatment operations
steel material subjected to
structure, and heat treatment durning For the steel parts in the HI-STORM 100 System
HI-TRAC fabrication or components, the duration for which a part exceeds
TRANSFER installation. the off-normal temperature limit defined in Chapter 2
CASK steel of the FSAR shall be limited to 24 hours in a
structure particular manufacturing process (such as the Hi-
TRAC lead pouring process).
MPC, MPC NB-4220 Requires certain The cylindricity measurements on the rolled shells
basket NF-4220 forming tolerances to are not specifically recorded in the shop travelers, as
assembly, Hi- be met for cylindrical, would be the case for a Code-stamped pressure
STORM conical, or sphencal vessel. Rather, the requirements on inter-
OVERPACK shells of a vessel component clearances (such as the MPC-to-
steel TRANSFER CASK) are guaranteed through fixture-
structure, and controlled manufacturing. The fabncation
HI-TRAC specification and shop procedures ensure that all
TRANSFER dimensional design objectives, including inter-
*CASK steel component annular clearances are satisfied. The
Structure dimensions required to be met in fabrication are
chosen to meet the functional requirements of the
dry storage components Thus, although the post-
forming Code cylindricity requirements are not
evaluated for comphlance directly, they are indirectly
satisfied (actually exceeded) in the final
manufactured components.
MPC Lid and NB-4243 Full penetration welds MPC lid and closure ring are not full penetration
Closure Ring required for Category C | welds. They are welded independently to provide a
Welds Joints (flat head to redundant sea! Additionally, a weld efficiency factor
main shell per NB- of 0 45 has been applied to the analyses of these
3352.3). welds.
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~ Table 3-1 (page 5 of £9)
“LIST OF ASME CODE EXGEPHONBALTERNATIVES FOR Hi- STORM 100 CASK SYSTEM

Component Reference - Code Requirement E—xeephenAltematlve, Justifi cation &
" ASME Code : :Compensatory Measures
Section/Article e _ C .
MPC Lid to NB-5230° Radiographic (RT) or - Only UT or multi-layer hquid penetrant (PT) .
Shell Weld v ultrasonic (UT) examination is permitted. If PT alone is used, ata ~
examination required 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 pass is required) and
Ring, Vent ultrasonic (UT) final hiquid penetrant examination to be performed in
‘and Drain "~ ‘examination required "~ | accordance with NB-5245. The MPC vent and drain
Cover Plate h ’ cover plate welds are leak tested The closure rnng
Welds ’ provndes independent redundant closure for vent and
drain cover plates. , :
MPC NB-6111 All completed pressure | The MPC enclosure vessel is seal welded in the field '
Enclosure =~ = bl retaining systems” ~ = "7 | following fuel assembly loading "‘The MPC enclosure :
Vessel and shall be pressure vessel shall then be hydrostatically tested as defined in;
Lid tested Chapter 9. - Accessibility for leakage inspections

preclude a Code comphant hydrostatic test All MPC
enclosure vessel welds (except closure ring and i
vent/drain cover plate) are inspected by volumetric !
examination, except the MPC hd-to- shell weld shall be i
venfied by volumetric or multi-layer PT examination. If !
PT aloneis used at a minimum, it must include the root
and final layers and each approximately 3/8 inch of weld
depth. For either UT or PT, the maximum undetectable '
flaw size must be demonstrated to be less thanthe !
critical flaw size. The critical flaw size must be
determined in accordance with ASME Section X!
methods The cntical flaw size shall not cause the
pnimary stress limits of NB-3000 to be exceeded.

The inspection preeess results, including relevant ;
findings (indications), shall be made a permanent part
of the user's records by video, photographic, or other
means which provide an equivalent retrievable record of
weld integnty. The video or photographic records

should be taken during the final interpretation period
described in ASME Section V, Article 6,  T-676. The
vent/drain cover plate weld is confirmed by leakage
testing and liquid penetrant examination and the
closure ring weld is confirmed by liquid penetrant :
examination. The inspection of the weld must be {
performed by qualified personnel and shall meetthe  *
acceptance requirements of ASME Code Section lif, NB- "
5350 for PT or NB-5332 for UT. _ _f o
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Table 3-1 (page 6 of 59)

Component

LIST OF ASME CODE EXGEPHONSALTERNATIVES FOR H-STORM 100 CASK SYSTEM

Reference
ASME Code
Section/Article

Code Requirement

, ExeeptienAlternative, Justification &
Compensatory Measures

MPC
Enclosure
Vessel

NB-7000

Vessels are required
to have overpressure
protection

No overpressure protection is provided. The function
of the MPC enclosure vessel 1s to contain the
radioactive contents under normal, off-normal, and
accident conditions. The MPC vessel 1s designed to
withstand maximum internal pressure considering
100% fuel rod faillure and maximum accident
temperatures.

MPC
Enclosure
Vessel

NB-8000

States requirements
for nameplates,
stamping and reports
per NCA-8000.

The HI-STORM100 System is to be marked and
identified in accordance with 10CFR71 and 10CFR72
requirements. Code stamping is not required QA
data package to be in accordance with Holtec
approved QA program.

MPC Basket
Assembly

NG-2000

Requires materials to
be supplied by ASME-
approved material
supplier.

Matenals will be supplied by Holtec-approved
supplier with CMTRs in accordance with NG-2000
requirements.
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o __ Table 3-1 (page “7ro‘f69) o )
.LISTAOfASME CODE EXGERHONSALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component ° Reference Code Requirement v E*eépﬁenAIternative, Justification & -
"" ASME Code ' Compensatory Measures
Section/Article i o S
MPG basket ~- | NG-4420 NG-4427(a) requires a | Modify the Code requirement (intended for core support
assenibly' fillet weld in any single structures) with the following text prepared to accord wgth
continuous weld may the geometry and stress analysis imperatives for the fuel
be less than the basket: For the longitudinal MPC basket fillet welds, the
- speéiﬁed fllot weld : qulowmg crlteqztabapply.. 1t ):l'hqd speq:flteld ﬁlztgzwe!d th\r;;a;
- . imension mustbe maintained over atleast 92 percent o
) z:mensron_ by not more ., the total weldlength. All regions of undersized weld must
an 1/16inch, . s
L, belessthan 3 inches long and separated from each other
. P rowde.d fhat H?e total by at least 9 inches. 2) Areas of undercuts and porosity
under size portion of beyond that allowed by the applicable ASME Code shall
) the weld does not not exceed 112 inch in weld length. The total length of
: exceed 10 percent of undercut and porosity over any 1-foot length shall not
the length of the weld. exceed 2 inches. 3) The total weld length in which items
Individual undersize (1) and (2) apply shall not exceed a total of 10 percent of
weld portions shall not the overall weld length. The limited access of the MPC
b exceed 2 inches in basket panel longitudinal fillet welds makes it difficult to
R - length. R -| perform effective repairs of these welds and creates the
‘ potential for causing additional damage to the basket
.| assembly (e g., tothe neutron'absgrber and its sheathing)
‘| ifrepairs are attempted. The acceptance cnteria provided
B in the foregoing have been established to comport with
' the objectives of the basket design and preserve the
margins demonstrated in the supporting stress analysis.
From the structural standpoint, the weld acceptance
criteria are established to ensure that any departure from
the ideal, continuous fillet weld seam would not alter the
primary bending stresses on which the design of the fuel
™ baskets is predicated. Stated differently, the permitted
weld drscontinuities are limited in size to ensure that they
N remain classifiable aslocalstresselevators (“peak stress”,
F, in the ASME Code for which specific stress intensity
- Iimits do not apply). .
MPC Basket - NG-éOOO States requirements The HI-STORM100 System is to be marked and
Assembly o for nameplates, identified in accordance with 10CFR71 and 10CFR72
stamping and reports requirements. Code stamping is not required. The
per NCA-8000 MPC basket data package to be in accordance with
i Holtec approved QA program.
OVERPACK NF-2000 Requires materials to Materials will be supplied by Holtec-approved
Steel be supplied by ASME- supplier with CMTRs in accordance with NF-2000
Structure approved matenial requirements
supplier. .
§
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Table 3-1 (page 8 of 59)
LIST OF ASME CODE EXGERHONSALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component

Refe»rence
ASME Code
Section/Article

Code Requirement

ExeeptionAlternative, Justification &
Compensatory Measures

TRANSFER
CASK Steel
Structure

NF-2000

Requires matenals to
be supphed by ASME-
approved material
supplier.

Materials will be supplied by Holtec-approved
suppher with CMTRs in accordance with NF-2000
requirements.

OVERPACK
Baseplate and
Lid Top Plate

NF-4441

Requires special
examinations or
requirements for welds
where a primary
member of thickness 1
inch or greater 1s
loaded to transmit
loads in the through
thickness direction.

The terge margins of safety in these welds under
loads experienced durnng lifting operations or
accident conditions are quite large. The

OVERPACK baseplate welds to the inner shell,
pedestal shell, and radial plates are only loaded
during hfting conditions and have e-mintmum large
safety factors ef>42 dunng lifing Likewise, Fthe

top Iid plate to Iid shell weld has alarge structural
margin under the inertia loads imposed during a non-

mechanustic tipover event. safety-factor>6-undera

OVERPACK
Steel
Structure

NF-3256
NF-3266

Provides requirements
for welded joints.

Welds for which no structural credit 1s taken are
identified as “Non-NF” welds in the design drawings
by an “**". These non-structural welds are specified
In accordance with the pre-qualified welds of AWS
D1.1. These welds shall be made by welders and
weld procedures qualified in accordance with AWS
D1.1 or ASME Section IX.

Welds for which structural credit is taken in the
safety analyses shall meet the stress limits for NF-
3256.2, but are not required to meet the joint
configuration requirements specified in these Code
articles. The geometry of the joint designs in the
cask structures are based on the fabncabiity and
accessibility of the joint, not generally contemplated
by this Code section governing supports.
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- -~ Table 3-1 (page 9 of 89) -
LIST OF ASME CODE EXGERHONSALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement ExeeptionAlternative, Justification &
-1 ASME Code oot - Compensatory Measures .
Section/Article .
HI-STORM NF-3320 NF-3324.6 and NF- These Code requirements are applcable to linear
OVERPACK NF-4720 4720 provide structures wherein bolted joints carry axial, shear, as
and HI-TRAC requirements for well as rotational (torsional) loads. The OVERPACK
TRANSFER bolting and TRANSFER CASK bolted connections in the
CASK structural load path are qualified by design based on

the design loadings defined in the FSAR. Bolted joints
in these components see no shear or torsional loads
under normal storage conditions. Larger clearances
between bolts and holes may be necessary to ensure
shear interfaces "located elsewhere in the structure
engage prior to the bolts experiencing shear loadings
(which occur only during side impact scenarios).

Bolted joints that are subject to shear loads in
accident conditions are qualified by appropnate
stress analysis. Larger bolt-to-hole clearances help
ensure more efficient operations in making these
bolted connections, thereby minimizing time spent
by operations personnel in a radiation area.
Additionally, larger bolt-to-hole clearances allow
interchangeability of the hds from one particular
fabricated cask to another.
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DESIGN FEATURES (continued)

3.4 Site-Specific Parameters and Analyses

Site-specific parameters and analyses that will require verification by the system user are, as
a minimum, as follows:

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

Gy+tpGysyp

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

Table 3-2

Representative DBE Acceleration Values to Prevent HI-STORM 100 Sliding {1 = 0 53)

Equivalent Vectorial Sum of Two Corresponding Vertical ZPA (G, in g's)
Horizontal ZPA’s (G, in g’s)
0.445 0.160
0.424 0.200
0.397 0 250

(continued)
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3.4 Site-Specific Parameters and Analyses (corttrﬁ[red)
b. “For those ISF3SI sites with de5|gn basis seismic acceleratron values higher than

those allowed for free- -standing casks, the 'HI-STORM 100 System shall be
anchored to the ISFSI pad. The site seismic charactenstrcs and the anchorage
R system shall meet the followrng requrrements
i. *  The site acceleration response spectre‘at the top of the ISFSI pad shall
have ZPAs that meet the following inequalities:

i

Gy <212 7"

Where: o

* G, is the vectorial sum of'tﬁe Mo horizontal ZPAs at a three-dimensional
’ seismic site (or the horizontal ZPA at a two-drmensronal site) and G, is the
I vertical ZPA. | e

-

" ii. - Each HI-STORM 100 dry. storage cask shall be anchored with twenty-eight
) A (28), 2-inch'diameter studs and compatible nuts of material suitable for the
S ‘ .expected ISFSI envrronment ~ The studs ehall meet the following

) ‘requirements: ' . - ,

Yield Strength at Ambient Temperature: > 80 ksi
Ultimate Str—erjgt‘h‘at Ambient Temperature: > 125 ksi -

Initial Tensile Pre-Stréss: > 55 ksi AND < 65 ks .
NOTE: The above anchorage specifications are required for the seismic
spectra defined in item 3.4.3.b.i. Users may use fewer studs or those
- -~ of different diameter to account for site-specific seismic spectra-less
" severe than those specified above. The embedment design shall
comply with Appendix B of ACI-349-97. A later edition of this Code
may be used, provided a written reconciliation is performed.

ii. Embedment Concrete Compressive Strength: > 4,000 psi at 28 days

{continued)
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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.

a.

For free-standing casks, the ISFSI pad shall be verfied by analysis to limit cask
deceleration during design basis drop and non-mechanistic tip-over events to <
45 g's at the top of the MPC fuel basket. Analyses shall be performed using
methodologies consistent with those described in the HI-STORM 100 FSAR. A
lift height above the ISFSIpad is not required to be established if the cask is hfted
with a device designed in accordance with ANSI N14.6 and having redundant
drop protection features.

For anchored casks, the ISFSI pad shall be designed to meet the embedment
requirements of the anchorage design. A cask tip-over event for an anchored
cask is not credible. The ISFSI pad shall be verified by analysis to limit cask
deceleration during a design basis drop event to <45 g's at the top of the MPC
fuel basket, except as provided for in this paragraph below. Analyses shall be
performed using methodologies consistent with those described in the Hi-
STORM 100 FSAR. A lift height above the ISFSI pad is not required to be
established if the cask is lifted with a device design in accordance with ANSI
N14.6 and having redundant drop protection features.

In cases where engineered features (i.e., berms and shield walls) are used to ensure
that the requirements of 10CFR72.104(a) are met, such features are to be considered
important to safety and must be evaluated to determine the applicable Quality
Assurance Category.

{continued)
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3.4 Site-Specific Parameters and Analyses (continued) oL .
'os. \ "LoADING OPERATIONS, ":’TRAVNSI;ORT _OPERATIONS, and UNLOADING
: ~-4?P‘ERATIVONS shall only be conducted with working area ambient temperatures > 0°
f . PR
..9. .. For those users whose sité-speciﬁc désign basis includes an event or events (e.g.,

flood) that result in the blockage of any OVERPACK inlet or outlet air ducts for an -

» 77 77 Textended period of time (i.e, longer than the total Completion Time of LCO 3.1.2), an
‘analysis or evaluation may be performed to demonstrate adequate heat removal is
available for the duration of the event. Adequate heat removal is defined as fuel

‘cladding temperatures remaining below the short term temperature limit. If the analysis ~

; _or evaluation is not performed, or if fuel cladding temperature limits are unable to be

demonstrated by analysis or evaluation to remain below the short term temperature

" limit for the duration of the event, provisions shall be established to provide alternate
“means of cooling to accomplish this objective.

10. ~ For on-site TRANSPORT OPERATIONS with a loaded TRANSFER CASK, the

requirements in Table 3-2a apply.

+
H
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Table 3-2a
TRANSFER CASK Operating Limits (Note 1)

Design Features
3.0

Maximum Time with

Maximum Time with

Fuel Burnu MPC Heat TRANSFER CASK in TRANSFER CASK in
(MWD /MTU)p Load Vertical Orientation Horizontal Orientation
(kW) (Notes 2 and 3) (Notes 2 and 3)
(hrs) (hrs)
Any authorized burnup <20 Unlimited Unlimited
60
OR
All Assemblies < 45,000 >20 and < 30 Unlimited .
unlfimited, If fuel
cladding hoop stress is
shown by analysis to be
<90 MPa
60 60
OR OR
All Assemblies = 45,000 >30and < 40 unlimited, If fuel unlimited, if fuel
cladding hoop stress is cladding hoop stress is
shown by analysis to shown by analysis to be
be <90 MPa <90 MPa
One or more assemblies ,
> 45,000 >20and <30 Unlimited 60
One or more assemblies > 30 and < 40 60 60

> 45,000

Notes:

1.

2.

If the limits in two or more rows apply, the user may choose one set of limits to implement.

Time is measured from completion of the installation of the TRANSFER CASK top lid to when
MPC transfer begins (for vertical orientation) and from the completion of TRANSFER CASK

downending to the completion of upending (for horizontal orientation).

Fuel cladding hoop stress calculations may be performed using “best estimate” inputs.
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DESIGN FEATURES . .. .. . .. oo

3.5 Cask Transfer Facility (CTF)

351

TRANSFER CASK and MPG Li?térs '

Lifting of a loaded TRANSFER CASK and MPC eu’tsrde using devices that are
notintegral to of structures governed by 10 CFR Part 50 shall be performed with

' a CTF that is designed, operated, fabricated, tested, inspected, and maintained

B in accordance with the guidelines of NUREG-0612, “Contro! of Heavy Loads at

3.5.2

" Nuclear Power Plants” and the below clarifications. The CTF Structure

requirements below do notapply to heavy loads bounded by the regulations of 10
CFR Part 50. : ( . . .

CTF Structure Reqcirements .

3.5.2.1 Cask Transfer S_’[qtion and Stationary Lifﬁng Devices

. 1. The metal weldment structure of the CTF structure shall be
designed to comply with the stress limits of ASME Section IlI,
Subsection NF, Class 3 for linear structures. The applicable
loads, load combinations, and associated service condition
definitions are provided in Table 3-3. All compression loaded
members shall satisfy the buckling criteria of ASME Section I,
Subsection NF.

2. fa portlon of the CTF structure is constructed of rernforced
concrete, then the factored load combinations set forth in ACI-
318 (89) for the loads defined in Table 3-3 shall apply.

3. The TRANSFER CASK and MPC lifting device used with the
CTF shall be designed, fabricated, operated, tested, inspected
and maintained in accordance with NUREG-0612, Section5.1.

4. TheCTF shallbe designed, constructed, and evaluated to ensure
thatif the MPC is dropped during inter-cask transfer operations,
its confinement boundary would not be breached. This
requirements applies to CTFs with either stationary or mobile
lifting devices.

(continued)
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3.5.2.2

Mobile Lift Devices

if a mobile lifting device is used as the lifting device, in lieu of a stationary
lifting device, is shall meet the guidelines of NUREG- 0612, Section 5.1,
with the following clarifications.

1.

Mobile lifting devices shall have a minimum safety factor of two over
the allowable load table for the lifting device in accordance with the
guidance of NUREG-0612, Section 5.1.6(1)(a) and shall be capable
of stopping and holding the load during a Design Basis Earthquake
(DBE) event.

Mobile lifting devices shall conform to meet the requirements of ANSI
B30.5, “Mobile and Locomotive Cranes,” in lieu of the requirements of
ANSI B30.2, “Overhead and Gantry Cranes.”

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

Horizontal movements of the TRANSFER CASK and MPC using a
mobile crane are prohibited.

(continued)
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Table 3-3
Load Combinations and Service Condition Definitions for the CTF Structure :(Note 1)
- Load Combination- - .| ASME Ill Service Condition - . Comment
R -1 .for Definition of Allowable.
‘ P s o - Stress - BEES
D* ' ’ , | All primary load bearing
Level A members must satisfy Level A
D+S stress limits
D+MEW C - o o Factor of safety against
(Note 2) ’ i overturning shall be > 1.1
D+F" : " Level D
. D ’_". E M - N 5
D+Y ) o N L -
D = D&ad load - “

D* = Apparent dead load

S = Snow and ice load for the CTF site L S o
M = Tornado missile load for the CTF site S .-

W' = Tornado wind load for the CTF site )

F = Flood load for the CTF site - g c e s

E = Seismic load for the CTF site . C .

Y = Tsunami load for the CTF site’ O

Notes: 1. The reinforced concrete poftidn of the CTF structure shall also meet the factored
. - combinations of loads set forth in ACI-318(89). - - o

= oo ) RN A Lo
2. Tornado missile load may be reduced or eliminated based on a PRA for the CTF site.

= ? .~

el
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3.6 Forced Helium Dehydration System

3.6.1

3.6.2

System Description

Use of the Forced Helium Dehydration (FHD) system, (a closed-loop system) is an
alternative to vacuum drying the MPC for moderate burnup fuel (< 45,000 MWD/MTU)
and mandatory for drying MPCs containing one or more high burnup fuel assemblies.
The FHD system shall be designed for normal operation (i.e., excluding startup and
shutdown ramps) in accordance with the criteria in Section 3.6.2.

Design Criteria

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

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

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

3.6.2.4 The partial pressure of the water vapor in the MPC cavity will not exceed 3 torr
if the helium temperature at the demoisturer outlet 1s < 21°F for a period of 30
minutes.

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

3.6.2.6 The demoisturizing module shall be configured to be introduced into its helium
conditioning function after the condensing module has been operated for the
required length of time to assure that the bulk moisture vaporization in the MPC
(defined as Phase 1 in FSAR Appendix 2.B) has been completed.

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

3 6.2.8 The pre-heater module shall be engineered to ensure that the temperature of
the helium gas in the MPC meets these design criteria

{continued)
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3.6  Forced Helium Dehydration System (continued)

3.6.3

Fue! Cladding Temperature

A steady-state thermal analysis of the MPC under the forced helium flow scenario shall
be performed using the methodology described in HI-STORM 100 FSAR Subsections
4.4.1.1.1 through 4.4.1.1.4, with due recognition of the forced convection process during
FHD system operation. This analysis shall demonstrate that the peak temperature of
the fuel cladding under the most adverse condition of FHD system operation, is below
the peak cladding temperature limit for normal conditions of storage for the applicable
fuel type (PWR or BWR) and cooling time at the start of dry storage.

Certificate of Compliance No 1014

Appendix B

3-21



