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Subject: Response to 2™ Request for Additional Information (RAI) on License Amendment
Request (LAR) 9261-5 to HI-STAR 100 Certificate of Compliance (CoC) No. 9261

Via letter (Reference 3), the SFST requested additional information on the proposed amendment
(Reference 6) to the HI-STAR 100 Certificate of Compliance (CoC). The license amendment request
originally submitted (Reference 6) was modified (Reference 5) in response to NRC Staff’s initial
request for additional information (Reference 4). Additionally Holtec proprietary reports were sent
to the NRC (References 7 and 8) to support the proposed license amendment request.

The responses to the request for additional information (RAI) are provided in Attachment 1.
‘Additional changes to the proposed HI-STAR 100 CoC and Technical Specifications (TS) resulting
from the responses to the RAI are provided in Attachment 2. Changes made to the Safety Analysis
Report (SAR) text are provided in Attachment 3 with a List of Effective Pages preceding the SAR
changes. Justifications for these changes are provided in the response to the RAI that initiated the
change. Attachments 4 and 5 contain modified Summary of Proposed Changes and Licensing
Drawing Changes, respectively. To aid in the review, Attachment 6 identifies the specific changes to
the CoC/TS and SAR text as a result of this RAI response.
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Holtec proprietary reports are provided to support the responses under separate cover in Holtec letter
5014667. '

The following attachments are provided with this letter:
Attachment 1: Written Responses to NRC Request for Additional Information.

Attachment 2: Revised Proposed CoC and Technical Specification Changes. All text changes are
marked by vertical bars in the right margin, additions are in italics and deletions in
strikeout. '

Attachment 3: Proposed Revised SAR Sections. All changed sections are provided and are labeled
as either “Proposed Rev. 13” (initial request), “Proposed Rev. 13a” (changes dué to
RAI response on August 3, 2007), or “Proposed Rev 13b” (changes due to this RAI
response) in the footer. All text changes are marked by vertical bars in the right
margin. Deletions are in strike-out and insertions are in italics.

The following SAR Sections and Supplements are provided along with a List of
Effective Pages: -

e Chapter 1: 1.0,1.1, 1.2, 1.3, 1.4 (including revised drawings), 1.5, 1.6, 1.1

e Chapter2: 2.1,2.3,2.4,2.6,2.7,2.A,2.1

e Chapter3: 3.1,3.2,3.3,3.4,3.6,3.7,3.1

o Chapter4: 4.0,4.1,42,43,44,41

e Chapter5: 5.1,5.2,54,5.5,5.1

e Chapter6: 6.1,6.2,6.3,6.4,6.1

e Chapter7: 7.0,7.1,7.2,73,74,7.5,7.1

o Chapter8: 8.0,8.1,8.2,8.3,8.1

Attachment 4: Modified Summary of Proposed Changes reflecting all the changes requested in
the LAR.

Attachment 5: Modified Licensing Drawing Changes reflecting all the changes requested in the
LAR. :
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Attachment 6: List of CoC/TS and SAR text changes specific to second RAI response.

Sincerely,

Tammy Morin

Acting Licensing Manager,
Project Manager, LAR 9261-5
Holtec International

cc: = USNRC Document Control Desk, hardcopy only
Ms. Kimberly Hardin, Sr. Project Manager, NRC/NMSS/SFST, 10 copies
Mr. Eric Benner, Licensing Branch Chief, NRC/NMSS/SFST, Letter only '
Mr. Larry Pulley, PSE&G, Letter only via email
Group 1, Holtec, Letter only via email
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Attachment 1 to Holtec Letter 5014666
Holtec Responses to NRC RAI

Technical Specifications:

TS-1. Verify the number of 6x6D assemblies containing rods with maximum initial
enrichments of 5.5 wt.%.

The applicant indicates that only two of these 6x6D assemblies may be loaded in
"the HI-STAR HB (see note 14 of Table A.3 in Appendix A to the CoC). However,
Table 3.1-2 of the Humboldt Bay (HB) ISFSI FSAR indicates there are four such
“assemblies. Table A.3 of Appendix A of the CoC and Table 1 I.4 of the SAR
_should be updated as necessary

This information is needed to confirm complianee with 10 CFR 71 .33(b).

Holtec Response: ' '

Holtec conf irms that there are only wo fuel assemblzes at Humboldt Bay with a smgle :
high power test rod. According to the fuel data document supplied to Holtec there were
initially four assemblies (HE41, HE42, - HE43, and HE44) with a single high power test
" rod with 5.5% enrichment. However, the same document stated that the high power test
rod was removed from fuel assemblies HE41 and HE43 and shipped off-site. Therefore
only two assemblies containing the high power test rod with 5.5% enrichment remain at -
the Humboldt Bay site, HE42 and HE44, and require transportation in the HI-STAR HB
System. T hzs response also provides justzf cation for the response to RAI 6-4.

TS 2; Justlfy the proposed limit of 1 kg of stalnless steel for stamless steel clad fuel
debris in a HB damaged fuel contamer (DFC) ' ’

The appllcant has proposed to llmlt the-amount of stainless steel.in a HB DFC to -
1 kg. The basis for this limit is not clear. Further, the practicality of ensuring’

compliance with this proposed. limit -is also not clear. “ The applicant should
establish a limit that is based ‘upon such considerations as the amount of
stainless steel clad fuel debris known/estimated to be at the HB plant and the
ability to ensure compliance with the limit as well as consistency with the limits
given in the HB ISFSI license and technical specifications. Analyses in the SAR
should suppon whatever limit is establlshed for thls material. :

This mformatlon is needed to conflrm comphance with 10 CFR 71 33(b) and
71.35.

Holtec Response: According to Humboldt Bay fuel records there are no more than 337
linear inches of fuel fragments remaining at the Humboldt Bay Power Plant site. These
fuel fragments may contain stainless steel or zircaloy cladding. As a bounding approach,
it is assumed that all of the clad is stainless steel. With the known cladding dimensions,
the amount of stainless steel is calculated to be 1.25 kg. Based on this, a maximum
amount of 1.5 kg is specified for each cask. Note 3 of Table A.1 Section VI of the TS, has
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been updated to specify this limit as well as Note 4 in SAR Table 1.1.7. Supplement 5.1
has also been updated to reflect this limit. Compliance can be demonstrated based on the
Juel records that were used to calculate the value.

Chapter 2 Structural Review

NOTE: Holtec proprietary Report, HI-2073743, “Benchmark the LS-DYNA
Impact Response Prediction Model for the HI-STAR Transportation Package
Using the AL-STAR Impact Limiter Test Data,” presents the LS-DYNA approach
to modeling the free-drop rigid body impact response for the HI-STAR family of

- transportation packages, including the HI-STAR HB. The staff evaluated the
‘report and documents for the issues for which the attached proprietary additional
information is needed to complete the review listed as questions.2-1 through 2-
11. ‘Recognizing that long lead-time may potentially be needed to resolve the .
issues, the staff will review other justifiable methods, if proposed; for determining
rigid-body decelerations for the HI-STAR HB cask. As discussed in the review
below in questions 2-1 through 2-4, this includes, but is not' limited to, model
similitude analyses for applying the Appendix 2.A differential equation method,
which is based on the impact limiter drop tests of a Vi-scale HI-STAR 100
package, to the HI-STAR HB with identical |mpact limiter .confi guratlons except
for alumlnum section crush strengths.

Holtec Response: Holtec has reviewed the structural issues raised by the staff concerning
" Holtec proprietary report HI-2073743, “Benchmark the LS-DYNA Impact Response
Prediction Model for the HI-STAR Transportation Package Using the AL-STAR Impact
Limiter Test Data”. Upon weighing the issues, we have decided that the most prudent .
path forward is to qualify the HI-STAR HB transport package. using the -differential
equation-method as defined in Appendix 2.4 of the HI-STAR 100 SAR. The LS-DYNA

benchmarking report (HI-2073743) is no longer used or referenced in the SAR. With. that' o

in mznd the responses to RAI questtons 2-1 through 2-5 are prowded below.

Smce the LS-DYNA approach t0 modellng the free-drop rlgld body lmpact response is no
longer used for the HI-STAR HB System the - additional proprietary information '
- requested by the Staff to complete its review of Holtec proprietary report HI-2073743 is .

not required. Therefore, no responses are provzded to proprletary RAI questtons 2-1 -
through 2-11. : :

2-1 Refer to Drawmg 5014- C1765 Sheet 3 of 7 (Revisions 13. and 13a) Perform an
analysis by using the Appendix 2.A differential equation method or -other
justifiable means to support the Note 3 design change statement, “As an option
for HI-STAR 100, aluminum section Types 2 and 5 may be replaced in full by
1,420 psi (NOM.) uni-directional material.”

Drawing 5014-C1765, Sheet 6 of 7 (Revision 12),” depicts the previously
approved crush strengths of 700 psi (uni-diréctional) and 2300 psi (cross core)
for the aluminum section Types 2 and 5, respectively. Sheet 3 of 7 (Revision 12)
depicts that, for the top impact limiter, six (6) Type 5 and ten (10) Type 2 interior
sections are used. As displayed in Sheet 7 of 7 (Revision 12), all sixteen (16)
aluminum honeycomb sections are of Type 2 construction for the bottom impact
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limiter. The staff notes that the proposed optional strength of 1,420 psi for the
Type 2 sections is much higher than the previously approved 700 psi. As such,
the optional crush strength may potentially result in higher cask decelerations,
which must be shown to remain bounded by the design bases, including the 60 g
for the bottom end HAC drop test.

This information is needed to confirm whether the package design and contents
complies with 10 CFR 71.35(a) requirements.

Holtec. Response: Note 3on Drawing 501 4 C1765 (Sheet 3 of 7) does not represent a
design change as the note was previously approved as part of HI-STAR 100 SAR Revision
12. In Proposed SAR Revision 13 and 13a, an editorial change was made to the note to
clarify that it applies only to the HI-STAR 100 System (not the HI-STAR HB System).

The optional construction described in Note 3 is also supported .by the analysis presented .'
in Appendix 2.4 of the latest approved SAR. See response to RAI 2-2 for further details.

2-2  Refer to Drawing 5014-C1765, Sheet 6 of 7 (Revision 13a). Perform an analysis

by using the Appendix 2.A differential equation method or other justifiable means
to support the proposed design changes of revising the previously approved
(Revision 12) and recently documented/proposed (Revisions 13, 13a) crush
strengths for all Types 1, 2, 3, 4, and 5 aluminum sections for the HI-STAR 100
transportatlon package :

The staff notes the desrgn changes for the aluminum sectlon crush strengths as
follows. : .

Sectio_n Type Proposed Strength (psi) Apprd/Docum d Strenqth (psn)

Rev.13a = = Revs 12 13
~ Type 1 (outer) - 780. T 700
"~ Type 1 (inner). - 1940 ~ - -~ - 1,700 -

- Type2 .- . 780 o700
- “Typed .. . 2500 - - 2300
. Type 4A 2,500 - 2,300

- Type 4B - 1,230 - ‘ 1,100
" Type5 2500 ' o 2,300

It's unc|ear what evaluatlons were performed to Justlfy the crush strength design
changes to ensure that the resultmg cask free-drop cask decelerations remain to
be bounded by the previously established design bases for HI-STAR 100,
including the 60 g for all HAC drop orientations.

This information is needed to confirm whether the package design and contents
complies with 10 CFR 71.35(a) requirements.

Holtec Response: The changes to the crush strengths for all Types 1, 2, 3, 4, and 5

aluminum sections on Drawing 5014-C1765 (Sheet 6 of 7) in Proposed SAR Revision 13a
are made to more precisely align the drawing with the actual crush strengths used in the
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impact limiter drop tests of the Y-scale HI-STAR 100 package and in the benchmark
analysis presented in Appendix 2.A.

Up to and including the latest approved SAR (Revision 12), the crush strengths reported
in Chapter 1 (Drawing 5014-C17635, Sheet 6 of 7) were nominal design values chosen
prior to procuring the material for the Yi-scale drop tests. The actual crush strengths of
the ‘material received from Hexcel Corporation for the Yi-scale impact limiters were
slightly different from the nominal values because of material availability and
manufacturing tolerances. The analytical results, which are reported in Appendix 2.4 of
SAR Revision 12, were obtained using the actual crush strengths for the as-received
* aluminum honeycomb sections (input values based on average crush strength for each
“type as determined from HI-981891, Impact Limiter Drop Test Report — Second Series,

Rev. 3). The following table presents the crush strength data used to obtain the results in
- Appendix 2.4, which utilizes the differential equation method.

- Table 1: -~ CRUSH STRENGTH DATA FOR % SCALE TEST IMPACT LIMITERS
' " AND ANALYTICAL SIMULATION OF DROP TESTS
- ALUMINUM HONEYCOMB SECTION CRUSH STRENGTH (PSI)

__Type 1 (outer) ' ' 783
Type 1 (inner) 1 1943

Type 2 3 . 783*
Type 3 ‘ . 2583
Type 44 - . - 2583
Type 4B ' : 1231

Type 5 ’ L ' 2583*%

* T op impact limiter has six (6) Type 5 and ten (10) Type 2 interior sections all of the -

same size. -The weighted average of these sixteen sections is 1458 psi. This value is used ‘

as input for the analytical model of the top impact limiter, and it is the basis for Note 3 on g
; drawzng 5014-C1765 (Sheet 3 of 7). Bottoin zmpact limiter has sixteen (16) T’ ype 2
interior sections and zero Type 5 sectlons

Based on the parametric studies reported in Appendix 2.4 of the HI-STAR 100 SAR, the
acceptable range for the aluminum honeycomb crush strength, for each section type, is
between 82% and 100% of the value in Table 1 above.: In other words, the crush’
strengths in Table I represent the maximum acceptable values for each section type, and
' the minimum acceptable values are obtained by multiplying the crush strengths in Table
1 by a factor of 0.82. The crush strengths specified on drawing 5014-C1765 (Sheet 6 of
7) in Revision 12 of the HI-STAR 100 SAR fall within the acceptable range (i.e., 82% to
100%). However, in SAR Revision 12 the drawing does not indicate the maximum and
minimum acceptable values for crush strength. In order to improve the drawing and
clearly establish the design basis limits for the aluminum honeycomb material, drawing
5014-C1765 has been updated to specify the material crush strengths in Table 1 above as
the maximum acceptable values for each section type. The minimum acceptable values
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have also been indicated on the latest revised drawing, which is included with this RAI
response submittal.

2-3 Refer to the August 3, 2007, response to the Request for Additional Information,
Q 1-1. Verify the statement made on the optional aluminum section crush
strengths, ‘[Als part of the LAR, for the generic HI-STAR 100, a uniform
arrangement of 1,455 psi crush strength material is added as an option....a
similar option has been added to the licensing drawing for HI-STAR HB to use a
material with uniform crush strength of 690 pSI as seen on Drawing 5014-C1765
(Revision 13a), Sheet 3, Note 4.”

The subject drawing identifies the optional crush strength of 1,420 psi, contrary to

the 1,455 psi cited above, for the generic HI-STAR 100. Also, Note 4 is added to

the Revision 13a drawing, Revision 13a, which identifies the optional .crush

strength of 800 psi, in lieu of 690 psi, for HI-STAR HB. The optional crush

strengths noted in the drawings are different from those discussed in the RAl
. response. . _ ‘ o '

_This information isl needed to confirm complianc‘e with 10 CFR 71 .7(a).

Holtec Response: As noted by the staff, there are inconsistencies between the August 3,
2007 response to RAI Q 1-1 and Notes 3 and 4 on Drawmg 5014-C1765 (Sheet 6 of 7) in

Proposed SAR Revision 13a. While the statements made in the response to RAI Q 1-1 are
- correct, the optional crush Strengths identified in Notes 3 and 4 on Drawing 5014-C1765
are not. Notes 3 and 4 have been updated to accurately identify the optional crush
'strengths for the HI-STAR 100 and HI-STAR HB top impact limiter as 1458 psi (see
Table 1 of RAI Response 2-2) and 694 psi, respectively. Note that previously, in the

' response to RAI Q 1-1, the optional crush strengths were rounded down to the nearest 5. - '

L psi increment (ie., 1 455 psi and 690 psi). Additional clarifications on the notes- have
also been made in the revision submitted with thzs response '

24 ConSIderlng the |mpact l|m|ter crush strengths tabulated in Drawmg 501 01764
" .Sheet 1 of 7 (Rewsnons 13,"13a), provide calculations to show that the most

* damaging rigid body cask decelerations for the: HI-STAR HB remain to be o

- bounded by the deS|gn baS|s of: 60 g for the HI STAR 100 subject to the HAC
....drop tests.

The staff agrees with the Holtec assertion that HI-STAR 100 structural analysns -
results bound HI-STAR HB results for. the same cask decelerations of 60 g. .
Hence, should the Appendix 2.A differential equation method be used for
determining rigid body decelerations for the HI-STAR HB cask, justification must
also be provided to demonstrate that the dynamic multipliers, Zs, which were
originally determined for HI- STAR 100, are appropriately reduced for the HI-
STAR HB application.

This information is needed to confirm whether the package design and contents
complies with 10 CFR 71.7(a) and 71.35(a).
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Holtec Response: The differential equation method has been applied to the HI- STAR HB
impact limiters, and a table of results has been incorporated into Supplement 2.1. This
table replaces the previous table providing results using LS-DYNA. A supporting
calculation package has also been created and is submitted to the Staff as part of the
revised submittal. This new calculation provides back-up documentation of the tabular
results reported in Supplement 2.1. The values for HI-STAR HB impact limiter crush
strength used in the calculations are consistent with the version of drawing 5014-C1765
(Sheet 1 of 7) submitted with this RAI response. The results show that the most damaging
rigid body cask deceleration for the HI-STAR HB is bounded by the design basis 60 g
deceleration for the HI-STAR 100 cask. Finally, all references to LS-DYNA results are
removed'from 'Supplement' 2.1 '

The Hexcel manufacturer 's catalog states that dynamic crush strengths are a functton of
initial impact velocity only, there is no information suggesting that the “Z" factors in the
differential equation method are a function of crush material density. Therefore, the
calculation results for the HI-STAR HB impact limiters use the same “Z” factor function
of velocity that was used for the HI-STAR 100. S

2-5 . Justify that the spent fuel mspectlon performed by PG&E at the Humboldt Bay

ISFSI, adequately characterizes fuel defects and damage to the degree needed
to ensure that fuel condition for transportation is known and that the fuel WI|| not
reconfigure dunng transportatlon

. 10 CFR 71. 33(b)(3) requires that the chemical and physical form of the content

. be specified. 10 CFR 71.55(d)(1) and (2) requires that under normal conditions of
o ,transport that: 1) the contents will be subcritical, and 2) the geometric form of the
‘packaging content would. not be substantlally altered. - Furthermore, 10 CFR
'71.55(b) requires the system to. stay subcritical under the most reactive credlble

e -.configuration and with the cask fully moderated. Based on the lack of reactor = |

.~ -records at'Humboldt Bay indicating that the fuel assemblies were intact’and the
~inability of the exterior four sided. visual examination performed by PG&E to .

- determine if the internal rods of the assembly are grossly beached or have had a -

- [weakenmg of the cladding due to an. interaction of the pool water and the UO,

. material, there is inadequate -assurance that the condition of the fuel is. known
-and that the cited requirements can be satisfied without -appropriate measures
_ _taken to load the fuel as damaged per the proposed SAR definition. '

o A revnsed defi nmon of an undamaged fuel assembly, for example all the extenor' :

~ rods-in the assembly. visually being shown to be intact while the interior rods
being of unknown condition, as allowed by the latitude in ISG-1 Rev 2, may
satisfy regulatory requirements with commensurate supporting analyses. For
example, a criticality analysis would consist of addressing where assemblies with
intact outer rods could potentially have multiple damaged fuel rods in the inner
fuel rod positions.” Additionally, a revised shielding analysis would need to
demonstrate that this condition is bounded.

This information is needed to satisfy the criteria of 10 CFR 71.33 and 71.55.
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Holtec Response: To account for the limited inspection of the fuel, an additional fuel
classification of "undamaged" fuel has been defined for the HB fuel in the SAR, and
corresponding analyses or evaluations have been added to qualify this fuel to be loaded
in place of intact fuel. The definition recognizes the fact that the fuel rods on the inside of
the assemblies are present, but that the cladding of these rods is of unknown condition.

The criticality analyses were updated, since the undamaged fuel could potentially show a
higher maximum ke than the intact fuel. The shielding evaluation has also been updated
to show that the condition is already bounded by the current evaluations, since it -
assumed a compaction of all assemblies in the basket. Other evaluations were also .
reviewed and it was determined that the effect of this condition is negligible.

Chapter 3 Thermal Review

31 Remove statements ‘frOm the application tha,'t the thermal properties of Holtite-A
won’t change over time, or explain the changes and any resulting impact it would
have on the H| Star 100 thermal analysis.

Staff expects that the performance of the penodrc thermal test will continue to be
included in the technical specifications unless-or until additional testing described
as follows have been performed. Holtite-A is a polymer and, as such, is typically
susceptible to heat and radiation degradation. There is no direct correlation
between the testing documented in the reports submitted by Holtec (see the
referenced reports below) and providing assurance that the thermal conductivity.
of Holtite-A does not change with time. The physical properties monitored during
the Holtec testing are not directly related to thermal conductivity. In. addition, the
tested samples should be exposed first to thermal aging and then to irradiation
aging, to measure the combined. effect, rather than aging the samples
independently and only looking at the singular effect of aging (i.e., either radiation -
or thermal). "As a result, the staff requests that Holtec perform testing to
‘determine the time dependent effect of radiation and heat on the thermal
conductivity of Holtrte A

Reference reports: : .
- 1) “Holtite-A: Results of Pre- and Post- lrradlatlon Tests and Measurements ” HI-
2002420, Rev. 1, dated 4/8/03.
2) “Holtite-A Development History and Thermal Performance Data " HI-2002396,
Rev. 3, dated 4/10/03.

This information is needed to confirm whether the package desrgn and contents
~ complies with 10 CFR 71. 33 '

Holtec Response
Holtec will reinstate the requirements for a periodic thermal test in SAR Section 8. 2.5 as
was previously required and described in CoC Condition 6. (b)(8)

Chapter 6 Criticality Review

6-1 Revise Note 16 on Drawing Number 4103, Sheet 1, Revision 3, to ensure that,
for two pieces, the combined free space at the top, bottom, and gap between the
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poison plate segments totals to no more than % inch to assure proper control of
the potential size of the gap between the two plate segments.

Section 6.4.13 states that during the manufacture of the spent nuclear fuel (SNF)
basket, a maximum gap of % inch is permitted between neutron absorbing
plates.

This information is needed to confirm cc'mpliance with 10 CFR 71.55 and
10 CFR 71.59.

Holtec Response: It has been confirmed by a review of QA records that all of the fuel
baskets manufactured for use at Humboldt Bay have full length, full width Metamic _
panels; therefore Holtec considers Note 16, referring to two-piece panel construction, as

- well as Note 17, which addresses reductions in panel width, unnecessary by now. These
notes are therefore removed from licensing drawing 4103." Accordingly, the analyszs
presented in subsection 6.4.13 has also been removed ﬁom the SAR

. 6-2 Use sufﬂcnently conservative boron densﬂy assumpt;ons to estimate Kes. Provide
' additional justification supporting the conclusions presented in Section 6.4.14
which demonstrate that inhomogeneities of less than 8 cm in length in the
- Neutron poison plates will not have an adverse effect on Keff

It may be unreasonable to assume an area of a_ neutron poisonv plates that is -

. deficient in boron is located adjacent to an area of a neutron absorber plates that .

exceeds the minimum required content. Similarly, it may be non-conservative to

assume that each individual neutron absorber (plate: or region) consists of

alternating boron-rich and boron-poor. reglons The latter assumption may be

- ‘considered to be valid, however, if it can be demonstrated that the conf guratlon L
_ |s the most conservatlve :

Additionally, the analysis presented in Section 6.4.14 assumes. that boron-poor -
. regions of the neutron poison plates have no less than 80% of the minimum
boron content. . It is unclear why a boron-poor region in a METAMIC plate could _
- not contain less than 80% of the minimum. requured boron taklng thlnmng |nto' .
account . '

" This mformatlon is needed to determine comphance with 10 CFR 71 55(d)(1) and
10 CFR 71.55(e). , :

_Holtec Response The QA records for the panels used in the MPC-HB baskets show that :
all panels meet the minimum requirements. Subsection 6.1.14 has therefore been
removed,

6-3 Revise Note 10 on Drawing Number 4103, Sheet 1, Revision 3, to explicitly
- prohibit poison plates with manufacturing damage and (or including) weld-related
or any other damage greater than the equivalent of a 1" diameter hole |n each

panel. Provide a note consistent with Note 16 of this same drawing.

This information is needed to confirm compliance with 10 CFR 71.55 and
71.59. '
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Holtec Response: This note is consistent with the note on the approved generic fuel
basket drawings (3925 Rev. 5, 3926 Rev. 5, 3927 Rev. 6, and 3928 Rev. 5). Nevertheless,
Holtec has added the further clarification to explicitly prohibit plates with damage
greater than the equivalent of a 1" diameter hole. :

6-4 If it is possibleto load more than the specified number of fuel tods (2) with an
initial maximum rod enrichment greater than that stated in Table A.3 (4.0 wt.%), .
revise the criticality analyses to address loading more than two of these fuel rods

" as either intact or damaged rods. (See question TS-1.)

This information |s needed to confirm comphance W|th 10 CFR 71.55 and
71.59. :

Holtec Response: Please refer to the Holtec Response to TS-1 which conf irms that there
* are only two hlgh power test rods remaining at the HBPP.

Chapter 7 Package Operations

7-1 . Revise the descnptlons of package operatlons in Chapter 7 of the Q‘»AR as
foIIows

a. Revise Step #2 of Section 7.1.3.1 to have the receipt mspec’uon of the- MPC

~and removal of road dirt/debris and any foreign material performed prior to
the other activities described in this step. The activities should be described
in the sequence in which they are to be performed the current text does not
do this.

b. Include language in Step #1 of Section 7.1.5 that states leak testlng wil aISO'
be done after de-tensioning one or more overpack lid bolts, the drain port, or
the vent port plug to be consistent with the conditions for which testlng is .
required in Step #6 of Section 7.1.4. -

c. Change the ALARA note on page 7.2-1 to discuss the HI STAR 100 and not’_ .
the HI-STAR 60. o

d.. Remove Section 7.1.1.1.2 from the SAR. This sectlon for operatlons wnth the L |

HI-STAR HB refers to Section 7.1.3.2 (dry loading), WhICh the apphcant
deleted in response to the staff's previous RAI. .
- €.7 Add the description that pocket trunnions, if present and not in use, are
- plugged to meet 10 CFR 71.87(h) in Section 7.1.5.

This information is needed to confirm compliance with 10 CFR 71.87.
Holtec Response:

The modifications requested in this RAI have been zncorporated into the proposed SAR,
Revision 13b.

Attachment 1 to 5014666 . Page 9 0of 10



Chapter 8 Acceptance Tests and Maintenance Program

8-1

Revise the acceptance tests for the neutron shielding in Section 8.1.5.4 of the
proposed amendment to include the shielding effectiveness tests in Section
8.1.5.2 of the currently approved SAR.

The current amendment proposes to use the radiological surveys performed in
Chapter 7, “Operating Procedures” prior to transport to constitute acceptance

" tests for the neutron shielding material. This proposal does not meet the purpose -

of acceptance tests, as the pre-shipment radiological surveys only ensure that
the Part 71 dose rate limits are met for a particular shipment. Acceptance tests

: Verify that the as fabricated neutron shielding performs, for approved contents, as

designed. This verification involves comparison of dose rate measurements for a.

_given contents with the values calculated for the same contents and would be

performed prior to the first shipment. The shielding effectiveness tests described
in Section 8.1.5.2 of the currently approved SAR fulffill the purpose of acceptance

tests. Further gwdance regarding shielding acceptance tests is contained in

NUREG/CR 3854, “Fabrication Criteria for Shipping Containers.”

This information is needed to confirm compliance with 10 CFR 71.85(c).

Holtec Response
Section 8.1.5.4 of the proposed SAR, Revision 13b, has been revzsed to include the
shielding effectiveness tests described in Section 8.1.5.2 of the currently approved SAR.

82

Revnse Section 8.2.4 of the “Malntenance Program” for shielding to ‘include

‘Condition 6.(b)(6) of the currently approved CoC for penodlc verification of the '
“neutron shneld |ntegr|ty .

The current amendment proposes to use the pré- and post- transport' radiblogical ‘
surveys, conducted as part of Chapter 7, “Package Operations,” to demonstrate

“continued shield mtegnty and efficacy. . However, these Chapter 7 radiological
. surveys only ensure the. package meets the Part 71 dose rate limits for a -
* particular shipment.’ The maintenance tests should verify that the neutron shield -

performs as designed for approved contents, which verification involves
comparison of dosé rate measurements for given contents with values calculated -

for the same contents. This verification also accounts for potential degradatlon of -

~ the Holtite-A neutron shield during the service life of the package. The tests in

_ the currently approved CoC Condition 6. (b)(6) fulf Il the purpose of malntenance
tests for shleldlng . _ '

This information is-needed to confirm that the maintenance program is adequate
to assure that packaging effectiveness is maintained throughout the packaging’s

service life to ensure continuing compliance with 10 CFR Part 71, Subpart E.

Holtec Response:

Section 8.2.4 of the proposed SAR, Revision 13b, was revised to contain Condition
6.(b)(6) of the current CoC for periodic verification of the neutron shield integrity.

Attachment | to 5014666 Page 10 of 10
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2. PREAMBLE

a. This certificate is issued to certify that the package (packaging and contents) described in Item 5 below meets the applicable safety standards set
forth in Title 10, Code of Federal Regulations, Part 71, “Packaging and Transportation of Radioactive Material.”

b. This certificate does not relieve the consignor from compliance with any requirement of the regulations of the U.S. Department of Transportation or
other applicable regulatory agencies, including the government of any country through or into which the package wil! be transported.

3. THIS CERTIFICATE IS ISSUED ON THE BASIS OF A SAFETY ANALYSIS REPORT OF THE PAC_KAGE DESIGN OR APPLICATION

a. - ISSUED TO (Name and Address) » . b. TITLE AND IDENTIFICATION OF REPORT OR APPLICATION

Holtec International . Holtec Internatlonal Report No. HI-951251,.Safety
Holtec Center ' Analysrs Report for the Holtec International Storage,
- 555 Lincoln Drive West Transport ‘And Reposrtory Cask System (HI-STAR 100
Marlton, NJ 08053 ‘Cask System) jReV|S|on 42-TBD, dated eetobeﬁe-
' 'ZGGGTBD '

4. CONDITIONS

This certificate is conditional upon fg‘ltjlling‘

“fequirements of 10 CFR Part 71, as applicable -ahd"th ions specified below.

5.
(@)  Packaging
(1)

)

: Sisists of lnterohangeable MPCs that
house the spent nuclear fue ande K vndes the contalnment boundary,

capablllty The out_er d_lameter of the overoack of the HI- STAR 100 is approxrmately 96 ..
,lnches without impact l|m|ters and approxrmately 128 lnches with impact limiters. Maxnmum
- gross weight for transportatlon (including overpack MPC fuel, and impact limiters) is =~
- 282,000 pounds. Specific tolerances germane "to the safety. analyses are called out in the -
drawings listed below. The HI-STAR 100 System /ncludes the HI-STAR 100 Versron HB o

(also referred to as the HI-STAR HB) ' S o R

Multl-Purpose Canister ' o .
There are-six seven Multi-Purpose Canister (MPC) models desrgnated as the MPC-24, MPC- e
24E, MPC-24EF, MPC-32, MPC-68, and-MPC-68F, and the MPC-HB. All MPCs are |
designed to have identical exterior dimensions, except-those 1) MPC-24E/EFs custom- |
designed for the Trojan plant, which are approximately nine inches shorter than the generic
Holtec MPC design; and 2) MPC-HBs custom-designed for the Humboldt Bay plant, which |
are approxrmately 6. 3 feet shorter than the gener/c Holtec MPC designs. A-single-overpack |
i ' . MPE—The two digits after the |
MPC desngnate the number of reactor fuel assemblles for which the respective MPCs are
designed. The MPC-24 series is designed to contain up to 24 Pressurized Water Reactor
(PWR) fuel assemblies; the MPC-32 is designed to contain up to 32 intact PWR assemblies;
and the MPC-68 and MPC-68F are designed to contain up to 68 Boiling Water Reactor
(BWR) fuel
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5.(a) (2) Description (continued)

assemblies. BWR—ﬁjel—debﬂs—may-beshrpped—emy—rn—the-MPe-G&F— The MPC-HB is |
designed to conta/n up to 80 Humboldt Bay BWR fuel assemblies. |

. The HI-STAR 100 MPC is a welded cylindrical structure with flat ends. Each MPCis an

- assembly consisting of a honeycombed fuel basket, baseplate, canister shell, lid, and closure
ring. The outer diameter and cylindrical height of each generic MPC is fixed. The. outer . ‘
diameter of the Trojan MPCs is the 'same as the.-generic MPC, but the helght is
approximately nine inches shorter than the’ generic:MPC design. A steel spacer is used wrth

. the Trojan plant MPC "'to ensure the MPC-overpack’ lnterface is bounded by the generic

- design. The outer' : meter of the Humboldt Bay MPCs is, the same as the generic MPC, but-

the height is appro) mately 6.3 feet shorter than the genenc MPC des:gn The Humboldt Bay
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f 'Idlng ""Th .(onerpack closure plate incorporates a
- dual O-ring desrgn to ensure its cont, ient functlon The contalnment system consists of -
. the overpack innershell, bottom plate é,top':ﬂange top closure plate top closure inner O- r|ng

seal, vent port plug Vnd seal, and drain port plug and seal ‘

Impact L|m|ters |

- The HI-STAR 100 overpack is fitted with two |mpact limiters fabncated of alummum o
honeycomb completely enclosed by an all-welded austenitic stainless steel skin. The two
impact limiters are attached to the overpack wrth 20 and 16 bolts. at the top and bottom,

- respectively.

(3) Drawings
The'package shall be constructed and assembled in accordance with the following drawings
or figures in Holtec International Report No. HI-951251, Safety Analysis Report for the Holtec
International Storage, Transport, And Repository Cask System (HI-STAR 100 Cask System),
Revision 42-7TBD: - |

(a) HI-STAR 100 Overpack : Drawing 3913, Sheets 1-9, Rev. #9 |

5@y (3) Drawings (continued)
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(b) MPC Enclosure Vessel Drawing 3923, Sheets 1-5, Rev. 44716
(c) MPC-24E/EF Fuel Basket Drawing 3925, Sheets 1-4, Rev. 5
- (d) MPC-24 Fuel Basket Assembly Drawing 3926, Sheet’s 1-4, Rev. 5
o (e) MPC 68/68F/68FF Fuel Basket Drawnng 3928, Sheets 1-4, Rev 5 ‘
()  HI-STAR 100 Impact Limiter ___‘4Draw1ng C1765, Sheets 1, Rev. 4; and-Sheet 2,  | -
o . 7 <Rev. 23; Sheet 3, Rev. 44, Sheet 4, Rev.24;, = |
”’aﬁd—Sheets5 Rev. 2; Sheet-¥6 Rev. 43; and R
Sheet7 Rev o
o 1
(9) HI-STAR" 00 Assembly o Drawing 393Q,_ ets 1-3, Rev. 42 SRR
: for Transpon ‘ e : : _
thy - TrOJan MPC 24EIEF. Spacer ng~
M
0 o
(k) o
BN e
) - . . I _
| (n) MPC-HB Enclosure Vessel S Drawmg 41 02 Sheets 1-4, Rev. 1 |
(o) MPC-HB Fuel Basket L ' Drawing 4103 Sheets 1-3Rev. 5 |
(o) Damaged Fuel Container HB Drawing 4113 Sheets 1-2 Rev. 1 |

5.(b) Contents

1) Type, Form, and Quantity of Material

(@)

Fuel assemblies meeting the specifications and quantities provided in Appendix A to
this Certificate of Compliance and meeting the requirements provided in Conditions
5.b(1)(b) through 5.b(1)(i) below are authorized for transportation.
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5.(b)(1) Contents (continued)

(b) The following definitions apply: PR

Damaged Fuel Assemblies are fuel assemblies with known or suspected
cladding defects, as determined by a review of records, greater than pinhole
leaks or hairline cracks, missing- empty fuel rod locations that are not .
reptaced-filled with dummy fuel rods, missing structural components such as

~ grid spacers, assembties-whose structural integrity haves been impaired such-
that geometric rearrangement of fuel or gross failure of the cladding is
expected based on ngmeerlng ‘evaluations, or those-that cannot be handled
" by normal means ‘Fuel assemblies whfch—that cannot be handled by normal

: means ue to fuel cladding damage are con5|dered fuetdebrisFUEL DEBRIS.

Damaged FueI Containers (or Camsters)(DFCs) are specially designed fuel
~_containers for damaged fuel assemblies or fueI debrls that permlt gaseous
~and I|qU|d medla to escape while mlmmlzmg dlspersal of gross particulates.
& HI-STAR 100 are shown in Figures
00 System SAR, Rev. 4278D. |

Intact,FueI Assemblles are fueI assemblles WIthout known or suspected _'

f “cladding’ defects greater than pmhole leaks or hairline cracks and which can
_be handled by normal means.-Fuel assemblies without fuel rods in fuel rod
locations shall not be classifi ed as intact fuel assémblies unless dummy fuel

“rods are used to displace an amount of water greater than or equal to that
displaced by the original fuel rod(s). Trojan fuel assemblies not loaded |nto
DFCs or FFCs are classifi ed as lntact assembhes : ‘

Minimum Ennchment is the minimum assembly average enrichment.
Natural uranium blankets are not considered in determining minimum
enrichment.

Non-Fuel Hardware is defined as Burnable Poison Rod Assemblies (BPRA),
Thimble Plug Devices (TDPs), and Rod Cluster Control Assemblies (RCCAS).

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

5.(b)(1)(b) Definitions (continued)
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5.(b)(1)

©

(d)

‘Une )
in the assembly are Visu; )
rods of'the assembly are in place; however the cladding of these rods is'of -~

Trojan Damaged Fuel Containers (or Canisters) are Holtec damaged fuel
containers custom-designed for Trojan plant damaged fuel and fuel debris as

~depicted in Drawing 4119, Rev. 1.

Trojan Failed Fuel Cans are non-Holtec designed Trojan plant-specific

" damaged fuel containers that may be loaded with Trojan plant damaged fuel

assemblies, Trojan fuel assembly metal fragments (e.g., portions of fuel rods
and grid assemblies, bottom nozzles, etc.), a Trojan fuel rod storage

container, a Trojan Fuel Debris Process Can Capsule, or a Trojan Fuel Debris' :

Process Can. The Trojan Failed Fuel Can ns deplcted in Drawmgs PFFC-001,
Rev. 8 and FC- 002 Rev

TrOJan Fuel Debrls Process Cans are. Tro;an plant-specific camsters
contalnlng fuel debris (metal fragments) and: were used to process organic -
medla removed from the Trojan plant spent | fuel ‘pool during cleanup

operatlons in preparation for spent fuel pool decommlssmnlng Trojan Fuel .. -~

e Debrls Process Cans are Ioaded |nto TrOJan Fuel Debrls Process Can

y‘lnspected and. shown to be intact. The /nterlor

unknown- condition.” This definition only applies to Humboldt Bay fuel
assembly array/class 6x60 and 7xX7C.

ZR means any zirconium- based fuel claddlng materlals authorlzed for use m a ‘

: commercnal nuclear power plant reactor.

For MPCs pamally Ioaded with stalnless steel clad fuel assemblies, all
remaining fuel assemblies in the MPC shall meet the more restrictive of the
decay heat limits for the stainless steel clad fuel assemblies or the applicable
ZR clad fuel assemblies.

For MPCs partially loaded with damaged fuel assemblies or fuel debris, all
remaining ZR clad intact fuel assemblies in the MPC shall meet the more
restrictive of the decay heat limits for the damaged fuel assemblies or the
intact fuel assemblies.

Contents (continued)




NRC FORM 618 _ U.S. NUCLEAR REGULATORY COMMISSION
i CERTIFICATE OF COMPLIANCE
FOR RADIOACTIVE MATERIAL PACKAGES
1. 2. CERIIFICATE NUMBER b. REVISION <. DOCKET d. PACKAGE IDENTIFICATION | PAGE PAGEY
9261 . 57TBD 71-9261 USA/9261/B(U)F-85 96 6 OF 10

(e) For MPC-68s partially loaded with array/class 6x6A, 6x6B, 6x6C, or 8x8A fuel
assembilies, all remaining ZR clad intact fuel assemblies in the MPC shall .
meet the more restrictive of the decay heat limits for the 6x6A, 6x6B, 6x6C, ="
and 8x8A fuel assemblies or the applicable Zircaloy clad fuel assemblies.

H PWR hon-fuel hardware and neutron sources are not authorized for
transportation except as speciﬁcally provided for in Appendix A to this CoC.

Q) BWR stainless-steel channels and control blades are not authorized for
transportation. :

(h) For spent. fueI assemblles to be Ioaded into MPC-32s, core. average soluble
vboro“n,"“ ssembly average specific power; and assembly average moderator

temperature in which the fuel assemblies were irradiated, shall be determined
according to Section 1.2.3.7.1 of the SAR and the values shall be compared

) agalnst limits specified in Part VI of Table A. 1 in Appendlx A of this Certificate

- of Compliance. s

shall be conflrmed through physical
Section 1.2. 3 7 1 of the SAR.

«««««
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(b)
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U.S. NUCLEAR REGULATORY COMMISSION

CERTIFICATE OF COMPLIANCE

FOR RADIOACTIVE MATERIAL PACKAGES

7. The maximum gross weight of the package as presented for shipme_nt shall not exceed 282,000
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10.

11.

12.

pounds, except for the HI-STAR HB, where the gross wefgﬁflsahall not exceed 187,200 pounds.

The package shall be located on the transport vehicle such that the bottom surface of the bottom
impact limiter is at least 9 feet (along the axis of the overpack) from the edge of the vehicle.

The personnel barﬁer shall be in'stalled at all timeswhile transporting a Ioaded overpack..

"~ The package authorlzed by thls cemﬁcate S he by approved for use under the general hcense

X‘!'*"

prowsnons of 10 CFR 71.17.

Revision 4 5 of thls cemf c'

TBD, Chief

Licensing Section

Spent Fuel Project Office

Office of Nuclear Material Safety
and Safeguards

Date: ©cteber12,2666TBD
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INDEX TO APPENDIX A

Page:

Table: Description:

Page A-1to A-19 Table A1 Fuel Assembly Limits

21

Page A-1

MPC-24: Uranium oxide, PWR intact fuel assemblies
listed in Table A.2.

A-2

MPC-68: Uranium oxide, BWR intact fuel assemblies
listed in Table A.3 with or without Zircaloy channels.

. A3

MPC-68: Uranium oxide, BWR: damaged fuel assemblies,
with or without Zircaloy channels, placed in damaged fuel -
contamers Uramum OXIde BWR damaged fuel assemblies
all'meet the' cntena specnfned in Table A.3for fuel .
“assembly array/class 6x6A 6X6C 7XT7A, or 8x8A. _

MPC-68: Mlxed OXIde (MOX) BWR intact fuel
assemblies, with or without. ercaloy channels. MOX BWR
intact fuel assemblies shall meet the criteria speCIf edin
Table A.3 for fuel assembly array/class GXGB

A-5

A-6

AT

intact fue ‘assemblies shall meet the criteria specmed in.
Table A. 3 for fuel assembly arraylclass 6x6A, 6x60 7x7A -
y “or 8x8A : '

% ,
¥y

A8

MPC 68F Uramum oxnde BWR damaged fuel

assemblies, with or without Zircaloy channels, placed in. -
damaged fuel containers. Uranium oxide BWR damaged
fuel assemblies shall meet the criteria specified in Table
A.3 for fuel assembly array/class 6x6A, 6x6C, 7x7A, or
8x8A.

A-9

MPC-68F: Uranium oxide, BWR fuel debris, with or
without Zircaloy channels, placed in damaged fuel -
containers. The original fuel assemblies for the uranium
oxide BWR fuel debris shall meet the criteria specified in
Table A.3 for fuel assembly array/class 6x6A, 6x6C,
7X7A, or 8x8A.
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INDEX TO APPENDIX A
Page: Table: Description:
A-10 Table A.1  MPC-68F: Mixed oxide (MOX), BWR intact fuel
(Cont'd) assemblies, with or without Zircaloy channels. MOX BWR

intact fue!l assemblies shall meet the criteria specified in
Table A.3 for fuel assembly array/class 6x6B.

A-11 _ , MPC-68F: Mixed oxide (MOX), BWR damaged fuel
' . - assemblies, with or without Zircaloy channels, placed in
“damaged fuel containers. MOX BWR damaged fuel
assemblies shall meet the criteria specified in Table A.3
for fuel assembly array/class 6x6B. S

A-12 o ,A,,MPC 68F Mlxed Oxide (MOX) BWR fuel debris, with or
o o Fwithout ercaloy channels placed in damaged fuel

fuel assembly array/class 6x6B

~ containers. The original fuel -assemblies for the MOX BWR
fuel debris shall meet the crlterla specn" ied in Table A.3 for -

| A-13 MPC-68F: Thoria rods (ThO ‘and. UOZ) placed in Dresden
Un|t 1 Thoria Rod Camsters £
A-15
A-16
AT
A-18
A-19 , ';ns Process Can. =
- | assemblies clas ssif ied as
, _ fuel debrls ’ :
A42'0__'to‘A-2‘1 o :;‘:'(MPC ;3,2 Uranium OX|de PWR intact fuel assemblies in

; 5x15 D/E, F, and Hand 17x17 A, B, and C
listed in Table A.2.

‘A-22to A-23 o . MPC HB:Uranium ox:de INTACT and/or UNDAMAGED
: ' . o FUEL ASSEMBLIES and DAMAGED FUEL _
ASSEMBLIES, with or without channels, meeting the
criteria specified in Table A.3 for fuel assembly array/class
6x6D or 7x7C.

A-204 to A-237 Table A.2 PWR Fuel Assembly Characteristics

A-248 to A-2833 Table A3 BWR Fuel Assembly Characteristics

A-ji
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Page: Table: Description:
A-2934 Table A.4 Fuel Assembly Cooling, Average Bumup, and

Minimuminitial Enrichment MPC-24/24E/24EF PWR Fuel |
with Zircaloy Clad and With Non-Zircaloy In-Core Grid
Spacers.

A-2934 Table A5 Fuel Assembly Cooling, Average Bumup, and o
: _ ' Minimuminitial Enrichment MPC-24/24E/24EF PWR Fuel
- with Zircaloy and with Zircaloy In-Core Grid Spacers. "

A-365 ' Table A6 - Fuel Assembly Cooling, Average B'urnup,'and :
- Minimaminitial Enrichment MPC- 24/24E/24EF PWR Fuel
W|th Stalnless Steel Clad.

A-365 _ _ . 4 Fuel Assembly Coolmg CAverage Bumup, and .
Minimuminitial Enrichmenit: MPC 68

A-346 o

A-316

A-347

A-347

A-358 | richn
DT o o »-Burnup Requlrement for Tran "portatlon in MPC 32 -
-~ A-369 . o . Table A13 ...Loading Conﬂguratlons for: the MPC 32

A-329 | ;%References

A-iii
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Table A.1 (Page 1 of 4921)
Fuel Assembly Limits

MPC MODEL: MPC-24
A. Allowable Contents

1. Uranium oxide, PWR intact fuel assemblies listed in Table A.2 and meeting the following |
specifications: ‘

a. Cladding type: ZR or stainless steel (SS) a's' specified in Table A.2
' ‘ : for the applicable fuel assembly array/class:

X As s ecﬁ” ed in Table A.2 for the appllcable fuel
assembly array/class

'b. Maximum initial enrichment:

.. Post-irradiation cooling time, average
‘burnup, and minimum initial
enrichment per assembly

~d. Decay heat per assembly:-

i ZR Clad:

i, *SS Ciad:

e. Fuel assembly length:

iy _<!176.8 mches (nomlnal deS|gn)
f. Fuel a’ssémbly width: : .' . 5’_8.54- inches (nomi'nal design)
g. Fuel assembly weight: | . ; © <1,680 Ibs

Quantity per MPC: Up to 24 PWR fuel assemblies.

Fuel assemblies shall not contain non-fuel hardware or neutron sources.

Damaged fuel assemblies and fuel debris are not authorized for transport in the MPC-24.

m o O @

Trojan plant fuel is not permitted to be transported in the MPC-24.

A-1 of 39
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Table A.1 (Page 2 of 4327)
Fuel Assembly Limits

MPC MODEL: MPC-68
A. Allowable Contents

1. Uramum oxide, BWR intact fuel assemblies Ilsted in Table A3, except assembly classes 6x6D and
7x7C, with or without Zircaloy channels, and meeting the foIIowmg specifications:

a. Cladding_ type: ' : ZRor stalnless steel (SS) as specified in Table A.3 for
- the applicable fuel assembly array/class

b. Maximum pIanar-average mltlal
enrlchment

As specn‘" ied in Table A.3 for the appllcable fueI

As speCIf ied |n Table A.3 for the appllcable fuel

c. Initial maximum rod enrichment:
: assembly array/class

- d. Post-irradiation cooling time, average
burnup, and minimum |n|t|al enrlchment
per. assembly ; :

i, ZRclad: .-
- enrichment as specified in
Iclass 6x6A, 6x6C, 7x7A,

< 27,500 MWD/MTU, and a mlnlmum initial
’ t% 235U

i, ‘SS'clad: . -

) e -Decay heat per assembly:"

| ZR Clad: _ _ . <272 Watts, éxéept for array/class 8X8F fuel. -

~ assemblies, which shall have a decay heat <183.5
Watts.
i 88 Clad: - <83 Watts
f. Fuel assembly length: <176.2 inches (nominal design)
g. Fuel assembly width: < 5.85 inches (nominal design)
h. Fuel assembly weight: < 700 Ibs, including channels

A-2 of 39
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Table A.1 (Page 3 of 4927)
Fuel Assembly Limits

IIl. MPC MODEL: MPC-68 (continued)
A. Allowable Contents (co'ntinu'ed)

2. Uranium oxide, BWR damaged fuel assemblies, with or without Zircaloy channels, placed in
damaged fuel containers. Uranium oxide BWR damaged fuel assemblies shall meet the criteria
specified in Table A.3 for fuel assembly array/class 6x6A, 6x6C, 7x7A or 8x8A, and meet the
following speCIf ications:

a. Cla'dding type_:

b. Maximum planar-average initial
enrichment:

c. - Initial maximurrod enrichment:

Post-lrradlatlon coollng time’ ‘verage
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Table A.1 (Page 4 of 4921)
Fuel Assembly Limits

il. MPC MODEL: MPC-68 (continued)
A. Allowable Contents (continued) : '
3. Mixed oxide (MOX), BWR intact fuel aséemblies with or without Zircaloy channels. MOX BWR

intact fuel-assemblies shall meet the criteria specified in Table A.3 for fuel assembly array/class
6x6B and meet the following specnf catlons

‘a. Cladding type:

b. Max1mum planar-average |n|t|al
' enrlchment 4

c. lnmal maX|mum rod enrlchment
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Table A.1 (Page 5 of ¥827)
Fuel Assembly Limits

Il. MPC MODEL: MPC-68 (continued)
A. Allowable Contents (continued)
4. Mixed oxide (MOX), BWR damaged fuel assemblies, with or without Zircaloy channels, placéd in

damaged fuel containers. MOX BWR damaged fuel assemblies shall meet the criteria specified in
Table A.3 for fuel assembly array/class 6x6B and meet the following specifications:

.a.' Cladding type:
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Table A.1 (Page 6 of $43217)
Fuel Assembly Limits

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

5. Thoria rods (ThO,and UO,) placed in Dresden Unit 1 Thoria Rod Canisters (as shown in Figure'
1.2.11A of the HI-STAR 100 System SAR, Revision 10) and meeting the following specifications: -

a. Cladding ty_pé: .

b. Composition: 1982 wt % ThOz, 1.8 wt. % UO, with an enrichment

d.
e. C adiation coohng time > 18 years and an
average p <16, OOO’MWD/MTIHM
. Canister: s
.
:g.' 'Fuel clad i

h.. Fuel claddmgl.D : nche
i Fuel pellet 0.D =0.358 inches.,

. ‘Ag:ti.vé fuel length: - <111 mches

k.-_Cahisierweight: ; N o = <55O Ibs mcludlng fuel

* B. ‘Quantity per MPC: Up to one 1 Dresden Umt 1 Thoria Rod Canister plus any combination of
damaged fuel assemblies in damaged fuel containers and intact fuel assemblies, up to a total of 68..
C. Fuel assemblies with stainless steel channels are not authorized for loading in the MPC-68.
.D. Dresden Unit 1 fuel assemblies (fuel assémbly array/class 6x6A, 6x6B, 6x6C, or 8x8A) with one

Antimony-Beryllium neutron source are authorized for loading in the MPC-68. The Antimony- Berylllum
source material shall be in a water rod location.
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Table A.1 (Page 7 of 4827)
Fuel Assembly Limits

. MPC MODEL: MPC-68F
A. Allowable Contents
1. Uranium oxide, BWR intact fuel assemblies, with or without Zircaloy channels. Uranium oxide BWR

intact fuel assemblies shall meet the criteria specified in Table A.3 for fuel assembly array/class
6x6A 6x60 7x7A or 8x8A and meet the follownng specifi catlons

‘a. Cladding type:

b. Maximum pIanar»average initial
ennchment :
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Table A.1 (Page 8 of 4921)
Fuel Assembly Limits

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

2 Uranium oxide, BWR damaged fuel assemblies, with or without Zircaloy channels, placed in
"damaged fuel containers. Uranium oxide BWR damaged fuel assemblies shall meet the criteria
.specified in Table A.3 for fuel assembly array/class 6x6A, 6x6C 7x7A or 8x8A, and meet the

following specifications:

a. Cladding type:

able A.3 for the applicable fuel

b. - As specified i
assembly array/élass
c. As spec:f ed in Iable A’3 for the appllcable fueI
d.
e.
£
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Table A.1 (Page 9 of 4827)
Fuel Assembly Limits

. MPC MODEL: MPC-68F (continued)

A. Allowable Contents (continued)

'3. Uranium oxide, BWR fuel debris, with or without Zircaloy channels, placed in damaged fuel
containers. The original fuel assemblies for the uranium oxide BWR fuel debris shall meet the
criteria specified in Table A.3 for fuel assembly array/class 6x6A, 6x6C, 7X7A, or 8x8A and meet
the following specifi catlons :

Cladding type:

* As specified in‘Table A. 3for the appllcable orlglnal
fuel assembly array/class
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Table A.1 (Page 10 of 4821)
Fuel Assembly Limits

. MPC MODEL: MPC-68F (continued)
A. Allowable Contents (continued)
4. Mixed oxide(MOX), BWR intact fuel assemblies, with or Without Zircaloy channels. MOX BWR

intact fuel assemblies shall meet the criteria specified in Table A.3 for fuel assembly array/class
6x6B and meet the foIIowmg specifications:

a. Cladding type:

b. _Maxnmum pIanar—average initial
enrichment: g

Initial maximum ‘od enrichment:
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Table A.1 (Page 11 of 4927)
Fuel Assembly Limits

. MPC MODEL: MPC-68F (continued)
A. Allowable Contents (continued)
5. Mixed oxide (MOX), BWR damaged fuel assemblies, with or without Zircaloy channels, placed in

damaged fuel containers. MOX BWR intact fuel assemblies shall meet the criteria specified |n
Table A.3 for fuel assembly array/class GXGB and meet the foIIowmg specn" cations:

a. Cladding type:
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Table A.1 (Page 12 of 4921)
Fuel Assembly Limits

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

A. Allowable Contents (continued)

6. Mixed oxide (MOX), BWR fuel debris, with or without Zircaloy channels, placed in damaged fuel
_ containers. The original fuel assemblies for the MOX BWR fuel debris shall meet the criteria
- specified in Table A.3 for fuel assembly array/class 6x6B and meet the following specifications:

a. Cladding type:

ZR

As specifi ed in-Table A.3 for original fuel assembly
arraylclass 6x6B %

As specﬁ" ied in Table A 3 for ongmal fuel assembly
array/class 6x68 :

- «w«years an average burnup < 30,000 IVIWD/MTIHM
anda mmlmpm initial enrlchment > 1.8 wt% 25U. for

e. F uel assembly Iength

f. F uel assembly w:dth

g. Fuel assembly elght;g
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Table A.1 (Page 13 of 4927)
-Fuel Assembly Limits

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

7. Thoria rods (ThO, and UQ,) placed in Dresden Unit 1 Thoria Rod Canisters (as shown in Figure
1.2.11A of the HI-STAR 100 System SAR, Revision 10) and meetlng the foIIowmg specifications:

a. Claddlng Type

"b. Composition:

C. Number of rods; per
' .Canlster

Fuel claddlng R D
) ,Fuel pelletOD

- Active fuel length:

<

k. Canister-weight: 550 Ibs, including fuel
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Table A.1 (Page 14 of 4921)
Fuel Assembly Limits

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

B. Quantity per MPC:

'Up to four (4) damaged fuel containers containing uranium oxide or MOX BWR fuel debris. The
remaining MPC-68F fuel storage locations may be filled with array/class 6x6A, 6x6B, 6x6C, 7x7A and
8x8A fuel assemblles of the foIIowmg type, as appllcable

6X6B,’ 6x6C or 8x8A) with one
the MPC- 68F. The Antlmony-
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Table A.1 (Page 15 of 4927)
Fuel Assembly Limits

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

1. Uranium oxide, PWR intact fuel assemblies listed in Table A.2 and meeting the followmg
specifications:

a. Cladding type: B ZR or stainless steel (SS) as speciﬁed in Table A.2
: ' - ‘ : for the applicable fuel assembly array/class

b. Maximum in_itiai _ehrichment:

As specnf ied in Table A.2 for the appllcable fuel

per assembly

i. ZRclad:

i

| Post-lrradlatlon. cooling t|me and average burnup as
specﬁ' ed in Table A9 : . :

neutron ‘sources

d. Decay heat per assembly

i. ZRClad:' - . Except for Trojan plant fuel, decay heat < 833 Watts.
e : ' Trojan plant fuel decay heat: < 725 Watts
ii. SS Clad: < 488 Watts
e. Fuel assembly length: _ < 176.8 inches (nominal design)
f. Fuel assembly width: < 8.54 inches (nominal design)
g. Fuel assembly weight: . < 1,680 lbs, including non-fuel hardware and neutron
sources

Table A.1 (Page 16 of 4921)
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Fuel Assembly Limits

IV. MPC MODEL: MPC-24E
A. Allowable Contents (continued)

2. Trojan plant damaged fuel assemblies meeting the applicable criteria listed in Table A.2 and
meeting the foIIowing-speciﬁcations:

a. Cladding type: - _ | ZR

b. Maximum |n|t|aI enrrchment ' . 37°/ 235U

c. 'Fuel assembly post-rrradlatron coolr An assen)bly post-rrradratron cooling time, average
time, average burnup, decay heat, and burnup, and initial enrichment as specmed in Table
- minimum rnrtral enrich ent per assembly A8 :

*Decay Heat: < 725 Watts -

g w'/ .
s

d. Fuel assembly Iength %;“‘
it ?;‘f .
e. Fuel assembly wrdth

< 169.3 in h (nomrnal desrgn)

< 8. 43 mches (nomiinal: desrgn)

Fuel assembly welght

damaged fuel assemblies m
MPC-24E fuel stdragé:locati

C. TrOjan plant fuel mu be transported in thi ) Tro;an MPCs with the MPC spacer
s 'mstalled Fuel from other pIants is not permr be transpc “".the Troran MPCs '
| ’f,» , o
- D. .Except for Tro;an plant fuel, the fueI assembhes shall not contarn non-fuel hardware or neutron

“sources. Trojan intact fuel assembhe taini g no fueI hardware ‘may be transported in any fuel
storage locatron ' s o _

E. TroJan plant damaged fuel assemblres must be transported in a TrOJan Farled Fuel Can ora Holtec
. damaged fuel container desrgned for TrOJan Plant fuel:

F. One (1) Tro;an pIant Sb-Be and /or up to two (2) Cf neutron sources in a Trojan plant 'intact fuel
assembly (one source fuel assembly) may be transported in any one MPC. Each fuel assembly
neutron source may be transported in any fuel storage location.

G. Fuel debris is not authorized for transport in the MPC-24E.

H. Trojan plant non-fuel hardware and neutron sources may not be transported in the same fuel storage
location as a damaged fuel assembly.

Table A.1 (Page 17 of 4921)
Fuel Assembly Limits ‘
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V. MPC MODEL: MPC-24EF
A. Allowable Contents

1. Uranium oxide, PWR intact fuel assemblies listed in Table A.2 and meetin_g the following

specifications:
a. Cladding type: o ZR or stainless steel (SS) as specified in Table A.2
: : for the applicable fuel assembly arraylc|ass.
b. Maximum initial enrichment: S ' _ . As specified in'Table A.2 for the apphcable fuel

assembly array/class

c. -Post-lrradlatlon cooling tlme average
burnup, and minimum |n|t|al,5w nrlchment
per assembly

i. ZRclad:

d. Decay vheat per ’assembly._

Except for Tro;an pIant fuel, decay heat < 833 Watts.

‘a. ZRClad:
T_ro;an plant fuel decay heat: < 725 Watts. .
b. SSClad: o c4sswatts | |
e. Fuel assembly Iength: | <176.8 inches (nominal design)
f. Fuel assembly width: < 8.54 inches (nominal design)
g. Fuel asserﬁbly weight: < i,680 Ibs, including non-fuel hardware and neu‘tron

sources.

Table A.1 (Page 18 of 4921)
Fuel Assembly Limits
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V. MPC MODEL: MPC-24EF

A. Allowable Contents (continued)

2. Trojan plant damaged fuel assemblies meeting the applicable criteria listed in Table A.2 and
meeting the following specifications:

a. Cladding type: _ : ZR
 b. Maximum initial enrichment: . 3.7% >V
~¢. Fuel assembly post-irradiation coolihg An ass.emblyfposf—i’rradiation cooling time, average-

time, average burnup, decay heat, and

burnup, and initial enrichment as specified in Table
m|n|mum initial enrichment semblyr : v I S '

-d. Fuel assembly Iengt :
"e.  Fuel assembly width:

f. Fuel assembljl weight:

semblles contalnlng non- fuel hardware may be transponted in any fuel
 storage location. - :

m W‘

E. TrOJan plant damaged fuel assemblles must be transported ina Tro;an Falled Fuel Can or a Holtec
damaged fuel container designed for TrOJan Plant fuel

F One (1) Trojan plant Sb Be and /or up to two (2) Cf neutron sources in a Tfojan plant intact fuel - |
. assembly. (one source fuel assembly) may be transported in any one MPC. Each fuel assembly
neutron source may be transported in any fuel storage iocation.

G. Trojan plant non-fuel hardware and neutron sources may not be transported in the same fuel storage
location as a damaged fuel assembly.
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Table A.1 (Page 19 of 4921)
Fuel Assembly Limits

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

3. Trojan Fuel Debris Process Can Capsules and/or Trojan plant fuel assemblies classified as fuel
debris, for which the original fuel assemblies meet the applicable criteria listed in Table A.2 and
meet the followmg specifications: : : :

a. Cladding type:_

b. Maximum:initial enrichment:

c. Fuel debrls post-lrradlatlon cooling time, cooling time, average burnup, and -
average burnup, decay heat, and initial enrlchment as specrﬁed in Table A 8.
minimum initial enn_g,_hment per assembly:

(nommal desngn)

\ ;;

(nominal desngn)

C. Tro;an plant fuel must be transported in the custom- deS|gned Trolan-MPCs WIth the MPC spacer
- installed. Fuel from other plants i s not permltted to be transported in the Tro;an MPC'~

sources. Trojan intact fuel assembhes contalnmg non fueI hardware may be transported in any fueI
: .storage location. ' : : :

E. Trojan plant damaged fuel assemblies, fuel assemblies classified as fuel debris, and Fuel Debris
Process Can Capsules must be transported in a Trojan Failed Fuel Can or a Holtec damaged fuel
container designed for Trojan Plant fuel.

F. One (1) Trojan plant Sb-Be and /or up to two (2) Cf neutron sources in a Trojan plant intact fuel
assembly (one source fuel assembly) may be transported in any one MPC. Each fuel assembly
neutron source may be transported in any fuel storage location.

G. Trojan plant non-fuel hardware and neutron sources may not be transported in the same fuel storage
location as a damaged fuel assembly.
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Table A.1 (Page 19 of 4921)
Fuel Assembly Limits

VI. MPC MODEL: MPC-32

A. Allowable Contents

Uranium oxide, PWR mtact fuel assemblies in array/classes 15x15D, E F,and Hand 17x17A,

1.
B, and C listed i in Table A.2 and meeting the foIlowmg specmcatlons
a. Cladding Type:
b. Maximum initial eﬁrlcﬁment
c. Post-lrradlatlon coolmg time,
-maxrmum average burnu "-and
o d.
e
£
. g Fuel assembly W|dth &
h. ,Fuel assembly weight 1! _
R Operatlng parameters durlng irradiation of the assembly (Assembly operatlng parameters
-~ shall be determined per. Subsectlon 1 2 3.7.1 of the SAR which |s hereby rncluded by
reference) : .
Core ave. soluble boron concentration: < 1,000 ppmb
Assembly ave. moderator temperature: < 601 K for array/classes 15x15D, E, F, and H
< 610 K for array/classes 17x17A, B, and C
Assembly ave. speciﬁc power: " < 47.36 kWikg-U for array/classes 15x15D, E, F, and

H
< 61.61 kW/kg-U for array/classes 17x17A, B, and C

A-20 of 39



Appendix A - Certificate of Compliance 9261, Revision 5TBD

Table A.1 (Page 19 of 4327)
Fuel Assembly Limits

VI. MPC MODEL: MPC-32 (continued)

Quantlty per MPC: Up to 32 PWR intact fuel assemblles

Fuel asseblles shall not contaln norjg-fuel hardware

,!'"..U.OFD
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Table A.1 (Page 20 of 21)
Fuel Assembly Limits

" VI. MPC MODEL: MPC-HB
A Allbwable Contents

1 Uranlum oxide, INTACT and/or UNDAMAGED FUEL ASSEMBLIES DAMAGED
FUEL ASSEMBLIES, and FUEL DEBRIS, with or without channels, meeting the
criteria specified in Table A.3 for fuel assembly array/class 6x6D or 7x7C and the
followmg spec:f/catlons . -

a.
b. As ‘specified in Table 'A.3 for the appllcable
fuel assembly arra y/class
c. A .
d. post-lrradlatlon cooling time

an average burnup < 23,000
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Table A.1 (Page 21 of 21)
Fuel Assembly Limits

vi. MPC MODEL' MPC-HB (contihued)
B Quantlty per MPC—HB Up to 80 fuel assemblles

C. DAMAGED FUEL ASSEMBLIES and FUEL DEBRIS must be stored in a DAMAGED
_FUEL CONTAINER. AIIowabIe”Loadlng Conﬂguratlons Up to 28 DAMAGED FUEL

ASSEMBLIES/FUEL DEBRIS;:im DAMAGED FUEL-CONTAINERS, can be stored in the |

-. peripheral fuel storage locations as shown in SAR Flgure /6.1.3, or up to 40 DAMAGED
- FUEL ASSEMBLIES/FUEL DEBRIS, in DAMAGED FUEL CONTAINERS can be stored

_in a checkerboard: pattern as shown in SAR Figure 6.1.4. The rema/mng fuel storage

locations may be fllled with INTACT and/or UNDAMAGED FUEL ASSEMBLIES meeting

the above appllcable spec:f jcations, or with INTACT and/or UNDAMAGED FUEL

clad pellets sta/nless steel,v_ca ,
_ one equ/valent fuel.a.
'_cask
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Appendix A - Certificate of Compliance 9261, Revision 5§TBD

Table A.2 (Page 1 of 4)
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

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

Clad Material ' .

(Note 2) ZR ZR ZR SS 2R
Design Initial U . = .

(kg/assy.) (Note 3) =407 < 407 <425 <400 <206
Initial Errichment - o | _

“(MPC-24, 24E, and <4.6 \(:2:1) <4.0(24) oo
24EF) . :
(Wt % 25U) < 5.0 (Z4E/EF), | <50 (24E/EF)

No. of Fuel Rod )
Locations 173

_Fuel Clad O.D. (in.) >03415
Fuel Clad I.D. (in,) < <0.3175
Fuel Peliet D_ia.l (in.) w <0.3130
Fuel Rod Pitch (in.) | Note 6

| Active Fuel '
Length.(in.) <102
No. of Guide Tubes 0
Guide Tube -

N/A
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Table A.2 (Page 2 of 4)
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

| Fuel Assembly

156x15D

Array/Class 15x15A 15x15B 15x15C 15x15E 15x15F
Clad Material : . .
(Note 2) _ZR ZR. . ZR ZR ‘ZR . ZR
Design Initial U~ | ~-_ , .. e o . -
(kg/assy.) (Note 3) | - 5464 <464 . <475 5475 <475
Initial Enrichment <4.1(24) <4.1 5’(54)@::’% ik <4.1(24) <4.1(24) <4.1(24)
(MPC-24, 24E,and | I : - : .
24EF) _ <45 <45 . | =45, <45 <45
(Wt % *5U) (24E/EF) -(24E/EF) (24E/EF)> | (24E/EF) (24E/EF)
Initial Enrichment . ' -
(MPC-32) .
(wt % 2°U) {Note’5) (Note 5)
(Note 5) .
No. of FuelRod = i} .
Locations . 208
Fuel Clad O.D. (in.): >0.428
Fuel Clad 1.D. (in) |7 <0.3820
Euel Pellet Dia. < 0.3742
1 (in) = :
Fuel Rod Pitch (in.) . '<0.568
,Actlve Fuel Length :' _ e - <150’
(in) .- - _ ? e = -
" No. of Guide andior |+ .- L g :
Instrument Tubes .21 T 7. 1?'
Guide/lnstrument . | - o seE _ , : :
Tube Thickness | '>0.015 >0.015 > 0.0165 >0.0150 >0.0140 | >0.0140

(in.)
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Table A.2 (Page 3 of 4)
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Z:':s' s“sse"‘b'y Arrayl | (sx156 15x15H 16x16A 17x17A 17x17B 17x17C
Clad Material
Note2) ss ZR ZR ZR ZR ZR
Design. Initial U . ‘ o ' :
(kooasy ) (Note 3) <420 <475 - <487 <467 <474
Initial Enrichment | <4.0 (24), <asa)] | <a04) | S40@ 4004
" (MPC-24, 24E, and _ R g caq
24EF) <455 <42 <50 "<aq (ZZE/'EF) <44
(Wt % 25U) (24E/EF) (24E/EF) - | (24E/EF) | (2aE/EF). | © (24E/EF)
_ _ g e ; (Note 7)
Initial Enrichment '
MPC-32 _
o ny (Note 5) (Note5) | (Note5)
(Note 5)
No. of Fuel Rod" . ‘
| Locations '+ 264
“Fuel Clad O.D. (in. >0.377
| Fuel Clad'1D. (in.) <0.3330
‘Fuel Pellet Dia. (in.) < 0.3252
Fuel Rod Pitch (in.) = <0.502
Active Fuel. A
“Length (in) <150
No. of Guide and/or: - 25
Instrument Tubes -
. vG’uide/!nst'rument ‘ -
Tube 20014 >0.020

| Thickness (in.)
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Table A.2 (Page 4 of 4)
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Notes:
1. All dimensions are design nominal values. Maximum and minimum dimensions are

specified to bound varlatlons in desrgn nominal values among fuel assemblies within a glven
array/class - :

2. ZR Designates’ claddrng matenal made of Z|rcomum or erconrum aIons

BEN
it

,the ominal uranium welght specified for each assembly by B
the fuel manufacturer or réactér user. For each PWR fuel assembly, the total uranium

werght limit specifi ed in thls table may be increased up to 2.0 percent for comparison with
users’ fuel records account for manufacturer tolerances

3. ‘DeS|gn initial uranium welghtl %

Eg

Each guide tube | eplaces»fo.

Vi

6. This fuel assembly array/cla
assembly has:two pltches ind
inches and 0. 453 mches§ [
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Table A.3 (Page 1 of 56)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly '

Array/Class §x6A 6x6B 6x6C 7x7A | 7x7B 8x8A
Clad Material ‘ ,

(Note 2) ZR | ZR | ., ZR 2R R ZR
Design Initial U

(kg/assy.) (Note 3) <110 <10 |.,SM0 ) =100 0] <195 <120

Maximum planar-
average initial
enrichment
(wt.% 2°U)

SeeNoted4 | <27
for MOX

Initial Maximum Rod
Enrichment
(Wt.% 235U)

No. of Fuel Rod
Locations

Fuel Clad 0.D. (in)%:{> >

1

| Fuel Clad 1.D. (in))

-Fuel.Pellet Dia. (in.)

Fuel Rod Pitch (in.)

Active Fuel
Length (in.)

No. of Water Rods
(Note 11)

Water Rod

Thickness (in.) 20 20 N/A N/A N/A >0

Channel

Thickness (in) < 0.060 <0.060 < 0.060 <0.060 <0.120 <0.100
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Table A.3 (Page 2 of 56
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Thickness (in.)

Fuel Assembly '
Array/Class 8x8B 8x8C 8x8D 8x8E 8x8F 9x9A
Clad Material - ’
(Note 2) ZR ZR ZR ZR ZR ZR
Design Initial U .
(kglassy.) (Note 3) 7
| Maximum planar-
‘| average initial
enrichment =42
(wt.% 2%U)
Initial Maximum Rod .
Enrichment <50
(Wt.(% 235U)
No. of Fuel Rod g " 74166
Locations Pik (Note 5) - |
Fuel Clad O.D. (in.) © >0.4400
Fuel Clad 1.D. (in.) . <0.3840 - -
"Fuel Pellet Dia. (in.) <0.3760
Fuel Rod Pitch (in.) | <0566
Design Active Fuel . IPET
| Length (in)) =150
No..of Water Rods » 1-4 ' N/A .
(Note 11) : 1or0 2 (Note 7). 5 (Note 12) 2
Water Rod . o ’
Thickness (in.) >0.034 > 0.00 > 0.00 >0.034 >0.0315 > 0.00
Channel <0120 | <0120 | <o0.120 <0.100 <0.055 <0.120
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Table A.3 (Page 3 of 56)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Thickness (in.)

Fuel Assembly 9x9E 9x9F

Array/Class 9x98 9x9C 9x9D (Note 13) (Note 13) 9x96G

"Clad Material : '

(Note 2) ZR ZR . ZR ZR ZR ZR

Design Iﬁitial (U

(kg/assy.) (Note 3) 177

Maximum planar-

average initial

enrichment £4.2

(M.% 235U)

Initial Maximum

Rod Enrichment <5.0

(Wt.% 2°U)

No. of Fuel Rods™ /|~ 72

Fuel Clad O.D. (in. > 0.4240

Fuel Clad 1.D. (in.) <0.3640 |

Fuel Pellet Dia: .

(in) 503565

Fuel Rod Pitch (in)) .| < <0572
- Desigﬁ Active Fuel '

Length (in.) =150

No. of Water Rods | - 1 1 2 5 5 1

(Note 11) (Note 6) (Note 6)

\Nater Rod‘ .- » :

Thickness (in.) >0.00 >0.020 > 0.0300 >0.0120 >0.0120 >0.0320

Channel <0.120 <0.100 <0120 <0.120 <0.120
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, Table A.3 (Page 4 of 56)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly

Array/Class 10x10A 10x10B 10x10C 10x10D | 10x10E
Clad Material (Note 2) ZR ZR ZR SS SS
Design Initial U ' . PP
(corassyD) (Note 3) <186 <186 <186 <125 <125
Maximum planar- v S
average initial . : <40
enrichment (wt.% #U) :
Initial Maximum Rod <50
Enrichment (wt.% 2°U) ~ >
No. of Fuel Rod
Locations 96
Fuel Clad O.D. (in.) >0.3940
‘Fuel Clad D. (in.) <0.3500 .
Fuel Pellet Dia. (in.), ™ £0.3430
. )::zt"
Fuel Rod Pitch (in.) . /7= <0.557
Design Active Fuel ':
Length (in.) =83

‘| 'No. of Water Rods (Note: :‘-4
" | g
Water Rod Thickness >0022
(in.) - ' w20
Channel Thickness (in.) <0.080
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Table A.3 (Page 5 of 6)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly

Array/Class 6x6D 7x7C
Clad Material ’ ’ :
(Note 2) - ZR 2R

Design Init)'al_U <78 - <78

(kg/assy.) (Note 3)

‘Maximum planar-
average initial
enrichment
(wt.% )

Initial Maximum Rod
Enrichment
(Wt:% 2°U)

No. of Fuel Rod
Locations

Fuel Clad O.D. (in.)’
53

[

Fuel Clad I.D. (in.)

i

Fuel Pellet Dia. (in.)

Fuel Rod Pitch (in.)

Active Fuel
Length (in.)

No. 6f Water Rods
(Note 11) .

Water Rod :
Thickness (in.). N/A : . N/ia
Channel <0.060 <0.060

Thickness (in.) ,
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Table A.3 (Page 56 of 56)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Notes:

1. All dimensions are design nominal values. Maximum and minimum dimensions are

- specified to bound variations in desrgn nominal vaiues among fuel assemblies within a given
array/class :

2. ZR desrgnates claddrng material made from erconlum or Zirconium alloys.

. Varrable

8. Th|s assembly cI a
“rods.

| .. 10.‘ - >One dlamond shaped water rod replacrng the four cent uel rods and four re_ctangular
water rods dividing the assembly into fo rqu drants S ' C

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

o 12. This assembly is known as “QUAD+" and has four rectangular water cross segments
" dividing the assembly into four quadrants. :

13. For the SPC 9x9-5 fuel assembly, each fuel rod must meet either the 9x9E or 9x9F set
of limits for clad O.D., clad 1.D., and pellet diameter.
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Table A.4

FUEL ASSEMBLY COOLING, AVERAGE BURNUP, AND MNHMUMINITIAL ENRICHMENT
MPC-24/24E/24/EF PWR FUEL WITH ZIRCALOY CLAD AND
WITH NON-ZIRCALOY IN-CORE GRID SPACERS

P

Post-irradiation . : o .Assembly Initial
Cooling Time . -Asj:n"v‘;g‘,’nf.r“l;')’“p Enrichment
(years) S pEes (wt. % U-235)

‘?82‘5?2’.’13"%?.‘,12“. b “f?;:,,';,‘\;’,;!;;;;;;w;{; | ‘-“‘sé.‘ii?c'?,'i.'é‘.ii'f' :
(years) e s s (wits % U-235)
»6  <24500 = »23
27 <2500 328
B < 34,500 >2.9
=M ‘ <39,500 >3.2
> 14 - < 44,500 > 3.4
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Table A6

FUEL ASSEMBLY COOLING, AVERAGE BURNUP, AND tMNIMOMINITIAL ENRICHMENT

MPC-24/24E/24EF PWR FUEL WITH STAINLESS STEEL CLAD

Post-irradiation _ Assembly Initial
Cooling Time Ass(clewn‘;\t’)g:;l{;;up Enrichment
-(years) (wt. % U-235)

=19 <30000 >34

> 3.1

' <24,500
- 2205007
R LT 234500

o214 239,500
>19 <4400
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Table A.8

TROJAN PLANT FUEL ASSEMBLY COOLING, AVERAGE BURNUP,
AND MNIVUMINITIAL ENRICHMENT LIMITS (Note 1)

Post-irradiation Cooling Assembly Burnup Assembly Initial
Time (years) (MWD/MTU) Enrichment
- (wt.% *°U)
>16 <42,000 >3.00
>16 526
216 K

1.

k)

EL HARDWARE AN

adiation Cooling -
- Time :

rods

) . ~(Years)
BPRAs 224
TPDs 118674 211
RCCAs 1255157 U 29
Cf neutron source <1598 224
Sb-Be neut'ron'_source with 4. e | _
sourcerods, ol | s
plug rods
Sb-Be neutron source with 4
source rods, 20 thimble plug <88,547 >9
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Table A.10

FUEL ASSEMBLY COOLING, AVERAGE BURNUP,AND MINIMUM ENRICHMENT MPC-32
PWR FUEL WITH ZIRCALOY CLAD AND WITH NON-ZIRCALQY IN-CORE GRID SPACERS

Post-irradiation cooling time

_ Assembly burnup

Assembly Initial Enrichment

(years) (MWD/MTU). (Wt % U-235)
> 12 < 24,500 223
> 14 < 328
> 16 >29

532

- >34

INIMUM ENRICHMENT MPC-32
IN;CORE GRID SPACERS

M‘Assembly Inltlal Ennchment

(Wt % U-235)

>8 L2 2.3_ _
29 226
512 229
> 14 39,5007 232

> 19 < 44,500 > 3.4
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Table A.12

FUEL ASSEMBLY MAXIMUM ENRICHMENT AND MINIMUM BURNUP REQUIREMENTS
FOR TRANSPORTATION IN MPC-32

Fuel .Configuration Maximum Minimum Burnup (B) as a Function of Initial
Assembly (Note 2) Enrichment Enrichment (E) (Note 1) (GWD/MTU)
Array/Class _ (wt.% U- : » ' - :
' o ' -235) o .
15x15D, E, F, A | ‘4.\65‘ 'B-(1 6733)*E>-(18.72)*E2+(80.5967)*E-88.3 -
and H : TN

“B= (2‘ 175)*E3 (23.355)*E2+(94. 77)"E 99.95

B=(1.951 7)*E§-(2z1.45)*E2+(89.1 783)*E-94.6

B=(1.93)*E™(21.095)"E*+(87.785)"E-93.06

17x17A, B, C

B=(1 08)*E3 (12 25)*E2+(60 13)*E 70.86

_NOTES:

1. E= Initial enrichm
2 See Table A_13 |

' 3. Fuel assemblies must be.¢ooled 5 years or more.
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A13

LOADING CONFIGURATIONS FOR THE MPC-32

CONFIGURATION - ASSEMBLY SPECIFICATIONS

A « Assemblies that have not been located in any cycle under a control
: rod bank that was permitted to be inserted during full power

operation (per plant operating procedures); or

+ Assemblies that have been located under a control rod bank that
was permitted to be.inserted during full power operation (per plant
operating procedures) “but where it can be demonstrated, based on
operatrng records, that the msertron never exceeded 8 inches from

,top of the active length during’ fuII power operation.

B )f the 32 assemblies in a basket up to 8 assemblles can be from
core locations where they were located under a control rod bank,
"that was permitted to be mserted more than 8 rnches during full

‘Of the 32 assemblles ina basket up to 8 assembhes can be from
core Iocatrons where they were, Iocated under a control rod bank,
that was' permltted to.be! rnserted more than 8 inches during full
~ power operation. Location under such a control rod bank is Irmlted
| - to 30 GWD/MTU of the assembly. '
+ The remaining assemblies in the basket must. satlsfy the same

conditions as. speC|f ied for confi guratlon A.

REFERENCES:

~ Holtec International Report No. HI-951251, Safety Analysis Report for the Holtec International
Storage, Transport, And Repository Cask System (HI-STAR 100 Cask System), Revision 42
TBD, dated October-5;2666TBD.
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