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February 20, 2004

Holtec Center, 555 Lincoln Drive West, Mariton, NJ 08053

Telephone (856) 797-0900
Fax (856) 797-0909

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, DC 20555-0001

Subject: USNRC Docket No. 72-1014, TAC L23657
HI-STORM 100 Certificate of Compliance 1014
HI-STORM License Amendment Request 1014-2, Revision 2, Supplement 2
Supplemental Response to Request for Additional Information 2

References:

Dear Sir:

1. Holtec Project 5014
2. USNRC Letter, Christopher Regan, to Holtec, B. Gutherman, "Request for

Additional Information for the Holtec International HI-STORM 100 Amendment
2," dated January 13, 2004.

3. Holtec Letter, Brian Gutherman, to USNRC Document Control Desk, "Response
to Request for Additional Information 2," dated February 2, 2004.

As committed in the Reference 3 letter, we herewith provide Supplement 2 to License Amendment
Request (LAR) 1014-2, Revision 2. This supplement provides the modified proposed changes to the
HI-STORM CoC and FSAR required to support our responses to the second round RAI pertaining to
this amendment request. In addition, as previously discussed, a small number of editorial corrections
not related to the RAI are also provided for clarification. All changes submitted with this supplement
are summarized in Attachment 1. The following attachments are provided. Enclosed with this letter
are instructions for updating the documents in the LAR notebook.

Attachment 1: Tabular summary of changes provided with this LAR supplement.

Attachment 2: Summary of Proposed Changes: This document has been appropriately revised to
reflect the modifications in the submittal made in response to the NRC's second
round RAI.

Attachment 3: Replacement mark-up pages for proposed CoC changes.

Attachment 4: Replacement revised pages for proposed CoC changes.

Attachment 5: Replacement pages for proposed FSAR changes. If there was any change to a
Proposed Revision 2, 2A, or 2B FSAR Section, either individual pages or the entire
section is provided with "Proposed Revision 2C" in the footer. New Appendix 2.C,
including Figure 2.C.1 is identified similarly. The current revision level of each
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FSAR page and figure is provided in an updated List of Effective Pages. An updated
Table of Contents is also provided. All changes proposed against FSAR Revision 1
are identified in italic/strikeout format, except for FSAR Sections 4.4, 4.5, and 7.1.
FSAR Sections 4.4, 4.5, and 7.1 show only the revised text in italic font (i.e., no
strikeouts are indicated).

We appreciate the SFPO's continued diligent review of this amendment request and look forward to
receiving the amended CoC in the near future. Please contact the undersigned if you require
additional information.

Sincerely,

Brian Gutherman, P.E.
Manager, Licensing and Technical Services

Approved:

K.P. Singh, Ph.D, P.E.
President and CEO

Document ID: 5014507

Attachments: As Stated

cc: Mr. Christopher Regan, USNRC (w/hard copy attachments and CD of compiled LAR)
HUG Licensing Correspondence Distribution (CD of compiled LAR)
Holtec Groups 1, 2, and 4 (wv/o attach.)
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CHANGES TO LAR 1014-2 IN REVISION 2, SUPPLEMENT 2

CHANGE AFFECTED LAR DESCRIPTION OF CHANGE
SECTION

I CoC, Appendix A, LCO New LCO to add TS requirements for the
3.1.4 and associated Supplemental Cooling System.
Bases in FSAR Appendix
12.A.

2 CoC, Appendix A, Table Modified this table to reflect different drying
3-1. requirements to coincide with new information from

NRC (1/29/04 memo Brown to Hodges).
3 CoC Appendix A, Section Added Subsection 5.7.4 to add specific dose rate limits

5.7 for the overpack and re-numbered subsequent
subsections.

4 CoC, Appendix B, Changed "fuel cell location" to "fuel storage location"
Section 2.1.2 for consistency.

5 CoC Appendix B, Table Modified language throughout to refer to PWR decay
2.1-1 and Section 2.4 heat limits per fuel storage location rather than fuel

assembly. This change is not required for the BWR
MPC models because there is no non-fuel hardware
associated with BWR fuel (fuel channels are not
considered NFH).

6 CoC Appendix B, Re-numbered Subsection 2.4.3.7 as 2.4.4.
Subsection 2.4.3.7

7 CoC Appendix B, Section Increased maximum boron carbide content in
3.2.7 and FSAR Section METAMIC from 32.5 to 33.0 weight percent.
1.2.1.3.1.2

8 CoC, Appendix B, New New section added to incorporate FSAR Subsection
Section 3.2.8 9.1.5.3 by reference.

9 CoC Appendix B, Section Deleted this subsection and table in lieu of new LCO
3.4.10 and Table 3-2a 3.1.4.

10 FSAR Table 1.0.2 and Changed revision of ISG-1 1 from 2 to 3.
Section 2.0.1

11 FSAR Tables 1.0.3, Changed basis for increasing overpack concrete
I.D.1, and 2.0.2, and temperature limit from NUREG-1536 back to ACI
Section 2.0.2. 349, Appendix A with additional justification.

12 FSAR Section 1.1 Editorial change in paragraph 8 to remove "100" from
the 2nd sentence. The sentence applies to all overpack
designs.

13 FSAR Subsection Deleted italics from discussion pertaining to Boral and
1.2.1.3.1.1 hydrogen. This information was added to the FSAR

under 10 CFR 72.48 in response to an NRC violation.
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CHANGES TO LAR 1014-2 IN REVISION 2, SUPPLEMENT 2

14 FSAR Subsection Changed "32.5%" to "33.0" in the 10h paragraph to
1.2.1.3.1.2 provide more fabrication flexibility. Deleted

"Reference [1.2.14]" after "other's work" in the last
paragraph (reference did not exist).

15 FSAR Subsection 1.2.2.2 Added paragraph to address use of the Supplemental
Cooling System (SCS) (two places).

16 FSAR Section 1.6 Added NUREG/CR-5661 as new Reference 1.2.14.
17 FSAR Sections 2.0.1 and Changed revision of ISG-1 I from 2 to 3 and modified

2.0.3, and Table 2.0.1 text to discuss normal short term operating
temperature for low burnup fuel being 1058TF and use
of the SCS.

18 FSAR Subsection 2.1.9.1 Modified language throughout to refer to decay heat
limits per fuel storage location rather than fuel
assembly.

19 FSAR Sections 2.2 and Changed the revision level of ISG-1 I from 2 to 3 in
2.2.1.5, and Table 2.2.3 the definition of Short-Term Operations. Addressed
(second footnote) moderate bumup fuel temperature limit during short

term normal operations and added reference to NRC's
1/29/04 Brown-to-Hodges memo.

20 FSAR Tables 2.2.13 and The nomenclature for internal MPC pressure has been
2.2.14 modified to recognize the difference between the

normal and off-normal pressure limits.
21 FSAR Subsection 2.3.2.2 Deleted extra line break in text.
22 FSAR Section 2.6 Changed the revision level of ISG-I I from 2 to 3 in

Reference [2.0.8] and added NRC Brown-to-Hodges
memo as Reference [2.0.9].

23 FSAR, New Appendix Appendix 2.C has been created to describe the SCS
2.C system and define its design criteria.

24 FSAR Sections 4.0, 4.1, Chapter 4 was modified throughout to reflect ISG-1 I,
4.3, 4.4, 4.5, 4.6, and 4.7 Revision 3 and the January, 2004 PNNL white paper

ertainin to low burnup fuel cladding hoop stress.
25 FSAR Appendix 4.B Appendix 4.B was modified to provide additional

detail on thermal margins.
26 FSAR Section 8.1 and Chapter 8 was modified to address the use of the

8.3, and Table 8.1.6 Supplemental Cooling System.
27 FSAR, Subsection 9.1.5.3 Added a note preceding Subsection 9.1.5.3 stating that

this section of the FSAR is incorporated by reference
into the CoC and cannot be changed without prior
NRC approved via CoC amendment. Also changed
font of the entire subsection to bold to highlight this
restriction.
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CHANGES TO LAR 1014-2 IN REVISION 2, SUPPLEMENT 2

28 FSAR Subsection 10.3.2 Subsection 10.3.2 was modified to clarify the dose
estimates for surveillance and maintenance.

29 FSAR Section 1.1 New off-normal pertaining to the FHD System and
Supplemental Cooling System (SCS) have been added.

30 FSAR Section 11.2 New accident event pertaining to the SCS has been
added.

31 FSAR, Tables 12.1.1 and Added new LCO 3.1.4 to these tables.
12.1.2

32 FSAR, Subsection 12.2.1, Added supplemental cooling to sixth bullet.
item 11

33 FSAR, Subsection 12.2.2 Removed "leakage testing" from item 8 and added a
new item 12 to address the supplemental cooling
system in the dry run training program.

34 FSAR, Subsection Replaced "fuel assembly" with "approved cask
12.2.10 contents."

35 FSAR, Appendix 12.A Revised TOC to add Bases 3.1.4, restored the last
sentence in the LCO section of Bases 3.1.2, added
reference to LCO 3.1.4 in the last sentence of the bases
for Required Action B.2.2, and added new Bases 3.1.4
to support new LCO 3.1.4 in the CoC.



INSTRUCTIONS FOR LAR-1014-2, REVISION 2, SUPPLEMENT 2

1. Insert the cover letter and Attachment 1 in the front of the LAR notebook.

2. Replace the Summary of Proposed Changes in its entirety.

3. Remove the following markup CoC pages and replace/insert the enclosed modified
markup CoC pages:

a. Replace Appendix A, Table of Contents (page i)
b. Insert new LCO 3.1.4 in Appendix A after existing LCO 3.1.3 (page 3.1.4-1/2)
c. Replace Appendix A, Table 3-1 (page 3.4-1)
d. Replace Appendix A, pages 5.0-5 through 5.0-7 with new pages 5.0-5 through

5.0-8
e. Replace Appendix B, pages 2-1/2, 2-9/10, 2-27 through 2-34, 2-39 through 2-46,

and 2-63 through 2-66
f. Replace Appendix B, Section 3.0, "Design Features" in its entirety (2lages)

4. Remove the following revised CoC pages and replace/insert the enclosed modified
revised CoC pages:

a. Replace Appendix A, Table of Contents (page i)
b. Insert new LCO 3.1.4 in Appendix A after existing LCO 3.1.3 (page 3.1.4-1/2)
c. Replace Appendix A, Table 3-1 (page 3.4-1)
d. Replace Appendix A, pages 5.0-5/6 with new pages 5.0-1 through 5.0-7
e. Replace Appendix B, pages 2-1/2, 2-9/10, 2-27 through 2-34, 2-39 through 2-46,

and 2-63 through 2-66
f. Replace Appendix B, Section 3.0, "Design Features" in its entirety (21 pages)

5. Remove the FSAR Table of Contents and List of Effective Pages, Revision 2B in their
entirety and replace with FSAR Table of Contents and List of Effective Pages, Rev. 2C.

6. Remove FSAR page 1.0-13/14, Proposed Rev. 2B and replace with enclosed FSAR page
1.0-13/13, Proposed Rev. 2C.

7.e Remove FSAR pages 1.0-25 through 1.0-30, Proposed Rev. 2B and replace with enclosed
FSAR page 1.0-25 through 1.0-30, Proposed Rev. 2C.

8. Remove FSAR page 1.1-1/2, Proposed Rev.2B and replace with enclosed FSAR page
1.1-1/2, Proposed Rev. 2C.

9. Remove FSAR page 1.2-3/4, Proposed Rev.2B and replace with enclosed FSAR page
1.2-3/4, Proposed Rev. 2C. Do not remove the figures from this section.

10. Remove FSAR pages 1.2-13 through 1.2-18, Proposed Rev. 2B and replace with enclosed
FSAR pages 1.2-13 through 1.2-18, Proposed Rev. 2C. Do not remove the figures from
this section.
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11. Remove FSAR pages 1.2-25 through 1.2-30, Proposed Rev. 2B and replace with enclosed
FSAR pages 1.2-25 through 1.2-30, Proposed Rev. 2C. Do not remove the figures from
this section.

12. Remove FSAR page 1.6-1/2, Proposed Rev. 2B and replace with enclosed FSAR page
1.6-1/2, Proposed Rev. 2C. Do not remove the figures from this section.

13. Remove FSAR pages 1.D-3 through 1.D-5, Proposed Rev. 2B and replace with enclosed
FSAR pages 1.D-3 through 1.D-6, Proposed Rev. 2C.

14. Remove FSAR pages 2.0-1 through 2.0-10, Proposed Rev. 2B and replace with enclosed
FSAR pages 2.0-1 through 2.0-10, Proposed Rev. 2C.

15. Remove FSAR page 2.0-19/20, Proposed Rev. 2B and replace with enclosed FSAR page
2.0-19/20, Proposed Rev. 2C.

16. Remove FSAR pages 2.0-27 through 2.0-30, Proposed Rev. 2B and replace with enclosed
FSAR pages 2.0-27 through 2.0-30, Proposed Rev. 2C.

17. Remove FSAR pages 2.1-7 through 2.1-10, Proposed Rev. 2B and replace with enclosed
FSAR pages 2.1-7 through 2.1-10, Proposed Rev. 2C. Do not remove the figures from
this section.

18. Remove FSAR pages 2.1-33 through 2.1-52, Proposed Rev. 2B and replace with enclosed
FSAR pages 2.1-34 through 2.1-52, Proposed Rev. 2C. Do not remove the figures from
this section.

19. Remove FSAR pages 2.2-1 through 2.2-10, Proposed Rev. 2B and replace with enclosed
FSAR pages 2.2-1 through 2.2-10, Proposed Rev. 2C.

20. Remove FSAR page 2.2-21/22, Proposed Rev. 2B and replace with enclosed FSAR page
2.2-21/22, Proposed Rev. 2C.

21. Remove FSAR pages 2.243 through 2.246, Proposed Rev. 2B and replace with enclosed
FSAR pages 2.243 through 2.246, Proposed Rev. 2C.

22. Remove FSAR pages 2.3-1 through 2.3-6, Proposed Rev. 2B and replace with enclosed
FSAR pages 2.3-1 through 2.3-7, Proposed Rev. 2C.

23. Remove FSAR pages 2.6-1 through 2.6-3, Proposed Rev. 2B and replace with enclosed
FSAR pages 2.6-1 through 2.6-3, Proposed Rev. 2C.

24. Insert new Appendix 2.C, (3 pages including Figure 2.C.1), Proposed Rev. 2C after
existing Appendix 2.B, Proposed Rev. 2B.
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25. Remove FSAR pages 4.0-1 through 4.0-5, Proposed Rev. 2B and replace with enclosed
FSAR pages 4.0-1 through 4.0-5, Proposed Rev. 2C. Do not remove the figures from this
section.

26. Remove FSAR pages 4.1-1 through 4.1-6, Proposed Rev. 2B and replace with enclosed
FSAR pages 4.1-1 through 4.1-6, Proposed Rev. 2C.

27. Remove FSAR pages 4.3-1 through 4.3-3, Proposed Rev. 2B and replace with enclosed
FSAR pages 4.3-1 through 4.3-4, Proposed Rev. 2C. Do not remove the figures from this
section.

28. Remove FSAR pages 4.4-1 through 4.4-50, Proposed Rev. 2B and replace with enclosed
FSAR pages 4.4-1 through 4.4-50, Proposed Rev. 2C. Do not remove the figures from
this section.

29. Remove FSAR pages 4.5-1 through 4.5-24 Proposed Rev. 2B and replace with enclosed
FSAR pages 4.5-1 through 4.5-24, Proposed Rev. 2C. Do not remove the figures from
this section.

30. Remove FSAR page 4.6-1/2, Proposed Rev. 2B and replace with enclosed FSAR page
4.6-1/2, Proposed Rev. 2C.

31. Remove FSAR pages 4.7-1 through 4.7-3, Proposed Rev. 2B and replace with enclosed
FSAR pages 4.7-1 through 4.7-3, Proposed Rev. 2C.

32. Remove FSAR pages 4.B-1 through 4.B-10, Proposed Rev. 2B and replace with enclosed
FSAR pages 4.B-1 through 4.B-13, Proposed Rev. 2C. Do not remove the figures from
this section.

33. Remove FSAR pages 8.1-1 through 8.1-41, Proposed Rev. 2B and replace with enclosed
FSAR pages 8.1-1 through 8.142, Proposed Rev. 2C.

34. Remove FSAR pages 8.3-1 through 8.1-10, Proposed Rev. 2B and replace with enclosed
FSAR pages 8.3-1 through 8.3-11, Proposed Rev. 2C.

35. Remove FSAR pages 9.1-1 through 9.1-16, Proposed Rev. 2B and replace with enclosed
FSAR pages 9.1-1 through 9.1-16, Proposed Rev. 2C.

36. Remove FSAR page 10.3-3/4, Proposed Rev. 2B and replace with enclosed FSAR page
10.3-3/4, Proposed Rev. 2C.

37. Remove FSARpages 11.1-1 through 11.1-16, Proposed Rev. 2B and replace with
enclosed FSAR pages 11.1 -1 through 11.1-20, Proposed Rev. 2C.
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38. Remove FSAR pages 11.2-1 through 11.2-51, Proposed Rev. 2B and replace with
enclosed FSAR pages 11.2-1 through 11.2-53, Proposed Rev. 2C. Do not remove the
figures from this section.

39. Insert new Figure 11.2.8 at the end of Chapter 11.
40. Remove FSAR pages 12.1-1 through 12.1-3, Proposed Rev. 2B and replace with enclosed

FSAR pages 12.1-1 through 12.1-3, Proposed Rev. 2C.
41. Remove FSAR pages 12.2-1 through 12.2-9, Proposed Rev. 2B and replace with enclosed

FSAR pages 12.2-1 through 12.2-9, Proposed Rev. 2C.
42. Remove FSAR Appendix 12.A-Bases TOC, Proposed Rev. 2B and replace with enclosed

FSAR Appendix 12.A-Bases TOC, Proposed Rev. 2C.
43. Remove FSAR Appendix 12.A pages B 3.1.2-1 through B 3.1.2-7, Proposed Rev. 2B and

replace with enclosed FSAR Appendix 12.A B 3.1.2-1 through B 3.1.2-7, Proposed Rev.
2C.

44. Insert new FSAR Appendix 12.A pages B 3.1.4-1 through B 3.1.4-5, Proposed Rev. 2C
after existing Appendix 12.A page B 3.1.3-7, Proposed Rev. 2B.
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LAR 1014-2, REVISION 2, SUPPLEMENT 2 SUMMARY OF PROPOSED HI-
STORM 100 SYSTEM CHANGES

SECTION I - PROPOSED CHANGES TO CERTIFICATE OF COMPLIANCE 1014

Proposed Change No. 1

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

Remove the specific reference to BORALO neutron poison material to allow the
use of an alternate, equivalent neutron poison material, METAMICO, 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 METAMIG® is
proposed as an alternative to BORALe. 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 BORALO.

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.
METAMICO is also equivalent to BORAL® in its thermal, structural, and
shielding performance. The dimensions and tolerances for the fabrication and
installation of the METAMICe neutron absorber panels are identical to the
current BORAL® dimensions and tolerances. The weight percent of B4C in
METAMIC® is less than that for BORAL® given the same panel thickness, '0B
areal density, and '0B loading penalty (25%).

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

EPRI Report -1003137, "Qualification of METAMICe for Spent-Fuel Storage
Applications" provides the pertinent qualification tests data for this material.
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Holtec International proprietary Report HI-2022871, "Use of METAMIC2 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 METAMICO is well-suited for
use in spent fuel storage casks. See proposed revisions to FSAR Sections 1.2.1.3,
4.2, 5.3, 6.4.11, and 9.1 in Attachment 5 for additional discussion.

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

Proposed Change No. 2

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

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

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

Reason for Proposed Changes

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

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

Justification for Proposed Change

a. The addition of damaged fuel and fuel debris as authorized contents in the
MPC-32 and MPC-32F has been analyzed and found to be acceptable.
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The creation of MPC-32F entails only the thickening of the MPC shell at
the top (with an associated reduction in the diameter of the MPC lid) and
increasing the size of the lid-to-shell weld. This design difference is
exclusively needed for qualification of the dual-purpose MPC for 10 CFR
71 transport loads - see proposed changes to FSAR Section 2.1.3 and new
FSAR Figure 2.1.9. The rest of the MPC-32 and MPC-32F shell and
basket designs are identical. -This is the same design detail previously
approved for the MPC-68F, .MPC-68FF, and MPC-24EF in earlier CoC
amendments. Allowing users to load damaged fuel and fuel debris into
32-assembly MPCs instead of 24-assembly MPCs reduces the risk of
operating events and reduces the overall dose to personnel from ISFSI
operations by reducing the total number of casks required to store a given
amount of spent fuel. The MPC-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 (DFQ) 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 1VF).

Shielding

Generic damaged fuel has been analyzed in the MPC-24 and the MPC-68.
The effect of storing damaged fuel and the post-accident consequences of
.collapsed damaged assemblies has been analyzed for the MPC-24 and the
MPC-68. The results presented in the FSAR for the MPC-24 and the
MPC-68 conclude that there is little effect on the external dose rates as a
result of storing damaged fuel assemblies in these baskets.

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

Criticality

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

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

Confinement

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

b. The reformatting 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.'



U. S. Nuclear Regulatory Commission
ATITN: Document Control Desk.
Document ID 5014507
Attachment 2
Page 5 of 30

Proposed Change No. 3 -

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

Revise the wording in these two CoC sections as follows:

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

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

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

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

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

e. In the fifth paragraph of Section l.b: i) clarify the description of the
differences between the HI-STORM 1OOS and HI-STORM 100 overpacks,
ii) specify number of overpack air inlets and outlets as minimums, and iii)
delete the terms "standard" and "short" from the discussion of HI-STORM
1OA.

Reason and Justification for Proposed Changes

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

b. For those MPCs loaded under CoC Amendment 2 or later, the AHCEs are
prohibited because they have not been included in the thermal evaluation
model. In the thermal evaluation for those MPCs loaded under the
original CoC or Amendment 1, the aluminum heat conduction elements
were conservatively modeled as a flow restriction, but no credit was taken
for heat transfer through them in the bounding thermal analysis presented
in FSAR Revision 1; therefore, the AHCEs are optional equipment for
MPCs loaded under the original CoC or Amendment 1. There are a
number of MPCs that are, or will be loaded under the original CoC or
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Amendment 1 that contain AHCEs. Therefore, this proposed change is
consistent with past and future MPCs and the supporting thermal analyses.
Sections 1.2.1.1 and 4.4.1 .1 .b of the proposed FSAR (Attachment 5) have
been modified appropriately to address this change. See also Proposed
Change No. 22.

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

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

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

Proposed Change No. 3a

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

Proposed Change No. 4

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

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

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

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

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

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

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

Justification for Proposed Changes

a. The proposed changes in MPC cavity drying requirements create the
necessary controls to ensure the peak fuel cladding temperature limit of
400TC is not exceeded during short term loading operations. They also
provide optional requirements (fuel cladding hoop stress calculations) for
MPC containing all moderate burnup fuel ( 45,000 MWD/MTU) to all
the fuel cladding temperature to approach the previous licensing basis
limit of 5700C during vacuum drying, for heat loads up to those already
licensed in Amendment 1 to the CoC. Any MPC containing one or more
high burnup fuel assemblies must be dried'using the forced helium
dehydration method, in which case the 4000C temperature limit is ensured
for all authorized heat loads. See proposed changes to FSAR Section 4.5
in Attachment 5 and Holtec calculation HI-2033054, being provided under
separate cover, for details of the thermal analyses.

b. Human factors improvement.

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

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

Proposed Chance No. 5

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

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

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

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

Reason for Proposed Changes

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

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

Justification for Proposed Change

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

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

Proposed Change No. 5a

Certificate of Compliance. Appendix A. LCO 3.1.4 (new) and associated Bases in
FSAR Appendix 12.A:

New LCO 3.1.4, "Supplemental Cooling System," is proposed to be added to the
CoC and associated Bases for this LCO added to the FSAR, both as shown in the
attached markups to these documents.

Reason and Justification for Proposed Change

Second round RAI number 11-1 requested a new LCO for the proposed HI-TRAC
cooling system necessary, for certain. heat loads, to maintain fuel cladding
temperatures below applicable limits during normal onsite transfer operations.
The LCO, Required Actions, and Surveillance Requirements are based on the
supporting thermal analyses of the system as discussed in the proposed new Bases
*for the LCO.
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Proposed Chan2e No. 6

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

Delete LCOs 3.2.1 and 3.2.3 and associated bases in 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 determining site-
specific cask contact dose rate limits based on the licensee's evaluation performed
pursuant to 10 CFR 72.212. These additional requirements provide continued
NRC control over certain aspects of any shielding analyses and evaluations
performed to demonstrate compliance with off-site dose limits and in support of
changes made under the provisions of 10 CFR 72.48.

Justification for Proposed Change

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

Contact dose rates from the casks are a factor in determining occupational
exposures during cask loading operations. Occupational exposure regulatory
limits are set by 10 CFR 20 and exposures to personnel are generally controlled to
even lower limits through the users' ALARA-based radiation protection
programs. The dose rates to personnel from a loaded HI-STORM overpack or HI-
TRAC transfer cask are necessarily site-specific, and cask specific, based on the
particular contents of the cask. Part 50 licensees are well-versed at handling
radioactive containers, many of which emit much higher levels of radiation than a
dry storage cask. Therefore, these requirements are more appropriately controlled
through a Technical Specification program.

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

Note: In response to second round RAI Number 10-1, limiting contact dose rate
on the top and sides of the overpack have been added.

Proposed Change No. 7

Certificate of Compliance. Appendix B. Section 1.0. Definitions: Table 2.1-1.
Note I in Sections 1. 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 burnups 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.% 235U has been evaluated and found
to be acceptable for loading in the PWR MPCs. See Sections 6.4.4.2.5 and
6.4.4.2.6 in the attached proposed FSAR changes for detailed justification.

Proposed Change No. 9

Deleted
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Proposed Chanize No. 10

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

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

Reason for Proposed Change

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

Justification for Proposed Change

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

This change process allows Holtec to support our customers'. fuel loading
schedules without the users having to request exemptions from the regulations for
tsmall 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.
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Proposed Chanie 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 for burnup as a function of decay
heat, enrichment, cooling time, and fuel array/class. Modify the Completion
Times for Required Actions B 3.2.1 and B 3.2.2 to reflect the revised blocked
duct accident analysis. Modify the acceptance criterion for temperature
measurement in SR 3.1.2.1 to be 145TF to conform to these changes. See also
Proposed Change 1Sa.

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 filel in the central core of the basket,
surrounded by lower burnup fuel reduces the overall dose to personnel and the
public from ISFSI operations due to the self-shielding phenomenon of the fuel
assemblies. See proposed revisions to FSAR Section 4.4.1.1.9 (Attachment 5) for
additional justification. The permissible fuel cladding temperature limit used to
determine the maximum cask heat loads are consistent with ISG-1 1, Revision 2.
(see also Proposed Change Number 15a).

Shielding

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

In conjunction with calculating the allowable bumups for the different array
classes, Tables 5.2.25 and 5.2.26 have been slightly modified. In Table 5.2.25, the
pellet diameter and resulting uranium loadings of three of the assemblies have
been increased to be consistent with the maximum permissible value in the CoC.
In Table 5.2.26, the 9x9 assembly has been modified to reflect the 9x9 array class
which now has the highest decay heat load for the specified burmup 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 advantageous from a
thermal perspective (i.e., the heat rejection of the cask system would be better
with hotter assemblies on the periphery of the fuel basket). From a shielding
perspective, the mis-loading of an assembly, would result in a small, localized
increase in the contact dose rate onthe cask and would be imperceptible at the
controlled area boundary.

The 100% air duct blockage accident was re-analyzed for the design basis heat
loads to yield two heat-load-dependent.Completion Times in the TS. This re-
analysis is discussed in FSAR Section 11.2.13 (Attachment 5). The results of the
Amendment 1 analyses show that, for heat loads < 27.74 kW (the Amendment 1
maximum heat load), no components reach their short term temperature limit over
the 72-hour duration of the analysis. For a bounding MPC-68 heat load of 35.5
kW in Amendment 2, no components reach their short term temperature limit for
24 hours. The Completion Times :for Required Actions B.2.1 and B.2.2 of this
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LCO have been revised to reflect these results. Note also that the basis for the
revised Completion Times no longer includes the assumption that the complete
blockage of all inlet ducts occurs immediately after completion of the last
surveillance. This change is consistent with the bases for Completion Times in
power reactor technical -specifications, which are developed assuming that the
degraded condition begins at the time the component or system is declared
inoperable 2. 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 Chance 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 bumups 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

2 This is not to say the actual point of inoperability. is not an issue to be investigated through the root
cause evaluation conducted in accordance with the corrective action program, if necessary.
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changes to these mass values do not reflect changes in the criticality or thermal
areas.

Proposed Change No. 13

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

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

Reason for Proposed Changes

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

Justification for Proposed Change

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

Proposed Change No. 14

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

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

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

d. Add "on a case-specific basis" to the requirements related to alternatives
to the Code as shown in the attached markup of the CoC.

e. In the second paragraph of the justification for the alternative to Code
Article NB-61 11, change "process" to "results" and add "relevant" before
"findings."

Reason and Justification for Proposed Changes

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

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

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

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

e. This is an editorial change to make the CoC agree with the regulatory
guidance terminology contained in ISG4.
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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
the word "outside" as currently written in Section 3.5.1 could be misconstrued to
mean anywhere "outdoors", which could include outdoor cranes integral to the
Part 50 facility and governed by Part 50 regulatory requirements. This is not the
intent of this CoC requirement. ;The intent of the requirement is to distinguish
between 10 CFR Part 50 and Part 72 jurisdiction.

Proposed Change No. 15a

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

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

Reason and Justification Proposed Changes

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

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

Reason for Proposed Change

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

Justification for Proposed Change

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

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

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

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

Changes to FSAR Chapter 3 and Chapter 7

Delete Appendices 3.B thru 3.AS in their entirety and re-locate this information to
the supporting calculation package. Create new FSAR Subsections 3.4.4.3.1.8 and
3.4.4.3.1.9 to address some of these calculation results.

Reason and Justification for Proposed Change

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

Proposed Change No. 18

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

Proposed Chanue 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 Chance No. 20

Changes to FSAR Chapter 13

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

Reason for Proposed Change

To remove redundant information.

Justification for Proposed Change

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

Proposed Change No. 21

Certificate of Compliance. Various Locations

Make the following editorial changes to the CoC:

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

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

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

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

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

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

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

Reason and Justification for Proposed Changes

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

b. Using the term "dimensions" unnecessarily restricts the ability to
potentially change the height of the MPC and other cask components
under the provisions of 10 CFR 72.48, if the need arises. We believe that
the diameter is the only dimension that should be controlled via CoC
amendment.
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c. The reviews referred to in this sentence are to be conducted pursuant to 10
CFR 50.59 or 10 CFR 72.48. These reviews are regulatory reviews to
ascertain whether prior NRC approval is required before the activity can
be implemented. This is not to be confused with the evaluation of the
safety of the activity, which is conducted under the appropriate quality
assurance process (e.g., design control).

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

e. Item VI.A.1 addresses storage of intact BWR fuel in MPC-68FF. DFCs
are not required for intact fuel storage.

f. Editorial

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

Proposed Chanae No. 22

Certificate of Compliance. Condition 11:

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

Reason for Proposed Change

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

Justification for Proposed Change

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

Proposed Chanae No. 23

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

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

Reason for Proposed Change

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

Justification for Proposed Change

A dew point of the gas exiting the MPC of < 22.90F for > 30 minutes corresponds
to a partial water vapor pressure of 3 torr, which is the accepted dryness limit for
spent fuel storage casks per NUREG-1536, Section 8.V.1.

Proposed Change No. 24

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

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

b. - In the "alternative, justification; & compensatory measures" column for
Code Articles NF-3256 and NF-3266, remove the term "by an '*'."
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Reason and Justification for Proposed Changes

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

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

Proposed Change No. 25

CoC Appendix B. Section 3.2.6

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

Reason and Justification for Proposed Change

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

Proposed Chanze No. 25a

CoC Anpendix B. Section 3.2.7:

Revise Section 3.2.7 to change the maximum boron carbide content in
METAMIC to 33.0 weight percent.

Reason and Justification for Proposed Change

The results of METAMIC pre-production runs in the fabrication facility indicate
that the target boron carbide content needed to be established at 32.0 weight
percent in order to provide reasonable assurance of repeatability is achieving the
minimum required 10B loading in the neutron absorber. The previous CoC
maximum proposed value of 32.5 weight percent, if implemented, created a very
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small range of acceptability and risked unnecessarily rejecting otherwise
acceptable neutron absorber material. The new value is only 0.5 weight percent
than the previously proposed value, which maintains it reasonably close to the
31.0 weight percent value for the METAMIC studied in the EPRI test program,
used as the basis for this change.

Proposed Change No. 25b

CoC Appendix B. Section 3.2.8 (new) and FSAR Section 9.1.5.3:

Add new Section 3.2.8 to incorporate FSAR Section 9.1.5.3 into the CoC by
reference. Add a note in the FSAR that this section may not be modified under the
provisions of 10 CFR 72.48.

Reason and Justification for Proposed Change

Second round RAI Number 12-1 requested the neutron absorber testing
requirements specified in FSAR-Section 9.1.5.3 to be incorporated into the CoC
by reference so that the NRC can control any proposed changes to these
requirements. The change to the FSAR will preclude any inadvertent changes to
this information under 10 CFR 72.48, which would not apply because the
information is officially part of the CoC.

Proposed Change No. 26

CoC Appendix B. Section 3.4.3

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

Reason for Proposed Change

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

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

Proposed Change No. 27

Certificate of Compliance. Appendix B. Section 3.6.3

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

Reason and Justification for Proposed Change

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

Proposed Chani!e No. 28

FSAR Section 2.0.2 and Tables 1.0.3. 2.0.2. 1.D. I and 2.2.3

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

Reason and Justification for Proposed Changes

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

The increase in the MPC shell normal design temperature has been evaluated and
found to be acceptable from a structural perspective (see FSAR Sections 3.1 and
3.4.4.3.1.2 and Table 3.4.6 for the results of the structural evaluations of this
change).

The increase in the overpack concrete temperature limits and the change to the
limit applicability to "through-thickness section average" is based on Appendix A
to ACI 349. Specifically, Paragraph A.4.3 of ACI 349 Appendix A allows the use
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of elevated temperature limits if test data supporting the compressive strength is
available and an evaluation showing no concrete deterioration is provided. For
short-term conditions, the through-thickness section average concrete temperature
limit is specified in accordance with Paragraph A.4.2 of ACI 349, Appendix A.
The required evaluations and a description of the test data are available for
inspection at Holtec's offices. This change was implemented under the provisions
of 10 CFR 72.48 and is included in this LAR submittal because it is germane to
the thermal analyses of the increased heat duty for the cask system.

The creation of a short-term temperature limit for Holtite-A which is used only in
the HI-TRAC transfer cask, is based on test data summarized in Holtec Report
HI-2002396, Revision 3. This report was submitted to the NRC in May, 2003 on
Docket 71-9261.

Proposed Change No. 29

FSAR Tables 2.2.6 and 2.2.7:

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

Reason for Proposed Change

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

Justification for Proposed Change

Article NG-1 121 defines core support structures as "those structures or parts of
structures which are designed to provide direct [emphasis added] support or
restraint of the core (fuel and blanket assemblies) within the reactor pressure
vessel. Structures which support or restrain the core only after the postulated
failure of core support structures are considered to be internal structures."

Article NG-1 122 defines internal structures as "all structures within the reactor
pressure vessel other than core support structures." The MPC fuel basket provides
direct support of the fuel assemblies appropriately classified as a core support
structure under Article NG-1 121. The MPC basket angle supports do not provide
direct support of the fuel and are, therefore, classified as internal structures under
Article NG-1 122.



U. S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Document ID 5014507
Attachment 2
Page 30 of 30

Proposed Change No. 30

FSAR Section 11.1 and 11.2:

a. Modify the FSAR to add FHD System Failure and SCS Power Failure as
new off-normal events 11.1.6 and I 1. 1.7.

b. Modify the FSAR to add Supplemental Cooling System Failure as a new
accident event.

Reason and Justification for Proposed Change

Based on the design functions performed by these not-important-to-safety
systems, it was deemed prudent to postulate appropriate off-normal and accident
events.
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Supplemental Cooling System
3.1.4

3.1 SFSC INTEGRITY

3.1.4 Supplemental Cooling System

LCO 3.1.4 The Supplemental Cooling System (SCS) shall be operable

Upon reaching steady state operation, the SCS may be temporarily disabled for a short duration
(5 7 hours) to facilitate necessary operational evolutions, such as movement of the TRANSFER
CASK through a door way, or other similar operation.

APPLICABILITY. This LCO is applicable when the loaded MPC is in the TRANSFER CASK
and:

a. Within 4 hours of the completion of MPC drying operations in
accordance with LCO 3.1.1 or within 4 hours of transferring the MPC
into the TRANSFER CASK if the MPC is to be unloaded

AND

b. The MPC contains one ormore fuel assemblies with an average
bumup > 45,000 MWD/MTU

AND

c. The MPC decay heat load exceeds either of the following limits based
on orientation:

I. > 23 kWin the vertical orientation

OR

ii. > 19 kWin the horizontal orientation

OR

d. The MPC contains fuel of any authorized bumup

AND

e. The MPC decay heat load is > 30 kW

AND

f. The TRANSFER CASK is in the horizontal orientation

Certificate of Compliance No. 1014
Appendix A 3.1.4-1 I



Supplemental Cooling System
3.1.4

I
I

ACTIONS I

CONDITION REQUIRED ACTION COMPLETION

A. SFSC Supplemental A. 1 With the TRANSFER CASK in 7 days
Cooling System the vertical orientation, restore
inoperable. SFSC Supplemental Cooling

System to operable status.

OR

A.2.1 With the TRANSFER CASK 24 hours
in the horizontal orientation,
rotate the TRANSFER
CASK to the vertical
orientation.

AND

A.2.2 Restore the Supplemental 7 days
Cooling System to operable
status.

B. Required Actions A. 1 B. 1 Remove all fuel assemblies 30 days
through A.2.2 and from the SFSC.
associated Completion
Times not met.

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.1.4.1 Verify Supplemental Cooling System is operable. 2 hours

I

I

I
I
I
I

I

I

I

I

Certificate of Compliance No. 1014
Appendix A I3.1.4-2



MPC Cavity Drying Limits
Table 3-1

I
I
I
I
I

Table 3-1
MPC Cavity Drying Limits

Fuel Bumup MPC Heat Load Meothod of Other Requirements
(MWDIMTLO (kiq (Notes I and 2) (Note 3)

All Assemblies < 45,000 < 17 VDS or FHD None

If VDS is used,
All Assemblies <45,000 > 17 and< 18 VDSorFHD annulus water

recirculation is required

All Assemblies < 45,000 > 18 and < 38 FHD None

One or more assemblies <38 FHD None
> 45,000 _ __ 38 F None

Notes:

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

2. FHD means Forced Helium Dehydration System. The acceptance criterion for the FHD
System is gas temperature exiting the demoisturizer shall be < 21 0F for > 30 minutes or
gas dew point exiting the MPC shall be < 22.9°F for > 30 minutes.

3. Annulus water recirculation means a sufficient flow of water through the annulus
between the MPC and the HI-TRA4C inner shell during moisture removal operations (i.e.,
beginning prior to 10 torr descending and ending when helium backfill operations
commence) to ensure exit water temperature is < 1250F.

Certificate of Compliance No. 1014
Appendix A 3.4-1



Programs
5.0

ADMINISTRATIVE CONTROLS AND PROGRAMS

5.6 Fiel-_ladding Oxsde-i ekues- valtia leted.

A Fuel CladdingOide Thickness Evaluation rqgram shallbe developed and
imp!emonted to dtcrminc the average fuel cladding oxide thickness of high
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(continued) I

Certificate of Compliance No. 1014
Appendix A 5.0-5



Programs
5.0

ADMINISTRATIVE CONTROLS AND PROGRAMS

5.7 Radiation Protection Program

5.7.1 Each cask usershal ensure thatthe Part 50radiationprotectionprogram appropriately
addresses dry storage cask loading and unloading,- as well as ISFSI operations,
including transportofthe loaded OVERPACKor TRANSFER CASKoutside of facilities
governed by 10 CFR Part 50. The radiation protection program shall include
appropriate controls for measuring dose rates, ensuring compliance with applicable
regulations, and implementing actions to maintain personnel occupational exposures
As LowAs ReasonablyAchievable (ALARA). This program provides a means to help
ensure that licensees using the HI-STORM 100 System do not violate the dose limits
in 10 CFR 72. The actions and criteria to be included in the program are provided
below.

5.7.2 As part of its evaluation pursuant to 10 CFR 72.212(b)(2)(1)(C), the licensee shall
perform an analysis to confirm that the dose limits of 10 CFR 72.104(a) will be satisfied
under the actual site conditions and ISFSI configuration, considering the planned
number of casks to be deployed and the cask contents.

5.7.3 Based on the analysis perfornedpursuant to Section 5.7.2, the licensee shall establish
cask surface dose rate limits for the HI-TRAC TRANSFER CASK and the HI-STORM
OVERPACKto be used at the site. Average neutron and gamma dose rate limits shall
be established at the following locations:

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

5.7.4 Notwithstanding the limits established in Section 5.7.3, the measured dose rates on a
loaded OVERPACK shall not exceed the following values:

a. 30 mremnvhr (gamma + neutron) on the top of the OVERPACK
b. 125 mremnhr (gamma + neutron) on the side of the OVERPACK
c. 130 mrem/hr (gamma + neutron) at the inlet and outlet vent ducts

5.7.5 The licensee shall measure the TRANSFER CASKand OVERPACK'surface neutron
andgamma dose rates andcalculate average values as describedin Section 5.7.8 and
5.7.9 for comparison against the limits established in Section 5.7.3 or Section 5.7.4,
whichever are lower.

Certificate of Compliance No. 1014
Appendix A 5.0-6



Programs
5.0

ADMINISTRATIVE CONTROLS AND PROGRAMS

5.7 Radiation Protection Proqram (contd

5.7.6 If the measured average surface -dose rates exceed the lower of the two limits
established in Section 5.7.3 or Section 5.7.4, the licensee shall

a.~ Administratively verify that the correct contents were loaded in the correct fuel
storage cell locations. -

b. Perform an evaluation to verify whether placement of the as4oaded
OVERPACK at the ISFSI will cause the dose limits of 10 CFR 72104 to be
exceeded.

5.7.7 if the evaluation performed pursuant to Section 5.7.6 shows that the dose limits of 10
CFR 72.104 wl7 be exceeded, appropriate corrective action shall be taken to ensure
the dose limits are not exceeded.

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

a. A minimum of 12 dose rate measurements shall be taken on the side of the
TRANSFER CASKin three sets offourmeasurements. One measurementset
shall be taken approximately at the cask mid-height plane. The second and
third measurement sets shall be taken approximately 60 inches above and
below the mid-height plane, respectively. Within each set the measurement
locations shall be approximately 90 degrees apart around the circumference
of the cask Dose rates shall be measured between the radial ribs of the water
jacket.

b. A minimum of four (4) TRANSFER CASK top lid dose rates shall be measured
at locations approximately half way between the edge of the hole in the top lid
and the outer edge of the top lid, 90 degrees apart around the circumference
of the top lid.

c. A minimum of 12 dose rate measurements shall be taken on the side of the
OVERPACK in three sets of fourmeasurements. One measurement set shall
be taken approximately at the cask mid-height plane, 90 degrees apart around
the circumference of the cask The second and third measurement sets shall
be taken approximately 60 inches above and below the mid-height plane,
respectively, also 90 degrees apart around the circumference of the cask.

d. A minimum of five (5) dose rate measurements shal be taken on the top of the
OVERPACKI One dose rate measurement shallbe taken at approximately the
center of the lid and fourmeasurements shall be taken at locations on the top
concrete shield, approximatelyhaff waybetween the centerandthe edge ofthe
top shield, 90 degrees apart around the circumference of the lid.
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Programs
5.0

ADMINISTRATIVE CONTROLS AND PROGRAMS

5.7 Radiation Protection Proqram (cont'd

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

5.7.9 The average measured dose rates shall be calculated by summing the individual
neutron and gamma dose rates measured in Sections 5.7.8.a through 5.7.8.e and
dividingbythe totalnumberofmeasurementsforthatsecton. The neutron andgamma
dose rates shall be averaged separately.

N,'Certificate of Compliance No. 1014
Appendix A 5.0-8



Approved Contents
2.0

2.0 APPROVED CONTENTS

2.1 Fuel Specifications and Loading Conditions

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

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

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

c. Fartiall, loadd with DAMAGED FUEL ASSEMBLIES or FUE
DEBRI allremaining Zraloy (or other alloy of zirconium) elad INT-AGT
FUELASSEMBI. E-inithe MPGsh llmeetthe-decay-hea gelneration-limits
fo-te DAMAGE1-FUEL ASSEMBLiES.Fhis-requifement-applies only-to
uniform fuel loading.

d. ForMPCs partially loaded with array/class 6x6A, 6x6B, 6x6C, 7x7A, or8x8A
fuel assemblies, all remaining Zirealoy-(erother alloy of zrconium) ZR clad
INTACT FUEL ASSEMBLIES in the MPC shall meet the decay heat
generation limits for the 6x6A, 6x6B, 6x6C, 7x7A and 8x8A fuel assemblies.

e. All BWR fuel assemblies may be stored with or without Zirealoy-orifher1
alloy of zheronium) ZR channels with the exception of array/class 10x10D
and 10x10E fuel assemblies, which may be stored with or without
ZiFealoyZR or stainless steel channels.

2.1.2 Uniform Fuel Loading

Any authorized fuel assembly may be stored in any fuel storage location, subject to
.other restrictions related to DAMAGED FUEL, FUEL DEBRIS, and NON-FUEL
HARDWARE specified in the CoC. Preferential-fueHoadin-shelf-be-used
uniform loadi (i.e., any authorized fuel assembly in any fuel st -oeation)
whenever l bies with-signiffeantlyClIfferent post-irradiation cooling times

f.~1-e~r-ae to be loaded in the same-MPrc. Fuel assemblies with the-longest
t on cooling times -shuall be loaded Int el esto; o consatthe

periph ~-ftebse-uefessernlies-with-ihofter post-irradiation cooling times
shall be placed--toward the center of the basket. Regionalized fuel loading as
des AX_ Acribd inLAeX Aini-Ac S peiA UW__A A d'- A01J metsthn AleAt of ArerntA_ fuAnel.

loading:
(continued)
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Approved Contents
2.0

2.0 Approved Contents

2.1 Fuel Specifications and Loading Conditions (cont'd)

2.1.3 Reqionalized Fuel Loadingq

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-(orotlle.-alloy-of zirenium) ZR cladding. Figures 2.1-1 1
through 2.1-4 define the regions for the MPC-24, MPC-24E, MPC-24EF, MPC-32, I
MPC-32F, MPC-68, and MPC-68FF models, respectively'. Fuel assembly bumup, I
decay heat, and cooling time limits for regionalized loading are specified in Section I
Z4.2. Tables 2.1 6 and 2.1 7. Fuel assemblies used in regionalized loading shall I
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 I

Proposed alternatives to the contents listed in Section 20 may be authorized on a case- I
specific basis by the Director of the Office of Nuclear Material Safety and Safeguards or .
designee. The request for such alternative contents should demonstrate that:

2.3.1 The proposed altemative contents wouldprovide an equivalent level of safety, and I

2.3.2 Theproposedaltemative contents are consistent with the applicable requirements. I

These figures are only intended to distinguish the fuel loading regions. Other details of the
basket design are illustrative and may not reflect the actual basket design details. The design
drawings should be consulted for basket design details.

Certificate of Compliance No. 1014
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Table 2.1-1 (page 2 of 339)
Fuel Assembly Limits

1. MPC MODEL: MPC-24 (continued)

A. Allowable Contents (continued)

d. Decay Heat Per AssernblyFuel
Storage Location:

I

I
I

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

ii All OtherArray/Classes

e. Fuel Assembly Length:

< 710 Watts

As specified in Section 2.4. Tables 24-5
or2.1-7

< 176.8 inches (nominal design)

I'

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

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

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

C. Deleted.

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

Note 1: Fuel assemblies containing BPRAs, TPDs, WABAs, water displacement guide
tube plugs, or orifice rod assemblies, or vibration suppressor inserts may be
stored in any fuel ceflstorage location. Fuel assemblies containing CRAs,
RCCAs, CEAs, or APSRs may only be loaded in fuel storage locations 9, 10,
15, and/or 16. These requirements are in addition to any other requirements
specified for uniform or regionalized fuel loading.
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Table 2.1-1 (page 3 of 339)
Fuel Assembly Limits

I

II. MPC MODEL: MPC-68

A. Allowable Contents

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

a. Cladding Type:

b. Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

c. Initial Maximum Rod
Enrichment:

lrealoy (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.

I

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

i. Array/Classes 6x6A, 6x6C,
Wx7A, and 8x8A.

ii. Array/Class 8x8F

iii. Array/Classes 10xIOD and
lOx1OE

iv. All Other Array/Classes

Certificate of Compliance No. 1014
Appendix B

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

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

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

As specified in Section 2.4. Tables 2.1-4 or
2.1-6

I
I
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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 AssembflFuel.
Storage Location: -.

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

ii. All other Array/Classes

e. Fuel Assembly Length:

f. Fuel Assembly Width:

g. Fuel Assembly Weight

Certificate of Compliance No. 1014
Appendix B

I
I

< 710 Watts.

As specified in Section 2.4. Tables 2.1 -5 or
2A- 7.

I
I

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

< 1,680 lbs (including NON-FUEL
HARDWARE)
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Table 2.1-1 (page 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 meetthe criteria specified in
Table 2.1-2 and meet the following specifications (Note 1):

a. Cladding Type:

b. Initial Enrichment:

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

440*wt%"5-I As specified in Table 2.1-
2 for the applicable fuel assembly
array/class.

I

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

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

ii. All Other Array/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
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Cooling time > 8 years and an average
burnup < 40,000 MWD/MTU.

As specified in Section 2.4. Tables2.1-4

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

I

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

A. Allowable Contents (continued)

d. Decay Heat Per
AssemblyFuel Storage
Location:

I
I

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

< 710 Watts.

ii. All Other Array/Classes As specified in Section 24. Taes-eI5
or2.1-7.

I
I

e. Fuel Assembly Length

f. Fuel Assembly Width

g. Fuel Assembly Weight

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

< 1,680 lbs (including NON-FUEL
HARDWARE and DFC)

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

C. Neutron sources and FUEL DEBRIS is are not authorized for loading in the MPC-
24E.

Note 1: Fuel assemblies containing BPRAs, TPDs, WABAs, water displacement guide
tube plugs, or orifice rod assemblies, or vibration suppressor inserts may be
stored in any fuel celistorage location. Fuel assemblies containing CRAs,
RCCAs, CEAs, orAPSRs 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 23 of 339)
Fuel Assembly Limits

I

V. MPC MODEL: MPC-32

A. Allowable Contents

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

a. Cladding Type:

b. Initial Enrichment:

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

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

I

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

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

ii. All OtherArraylClasses

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
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Cooling time > 9 years and an average
bumup < 30,000 MWD/MTU or cooling
time > 20 years and an average bumup <
40,000 MWDIMTU.

As specified in Section 2.4. Tables 2.14

As specified in Table 2.1-8.

I
V
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Table 2.1-1 (page 24 of 339)
Fuel Assembly Limits

I

V. MPC MODEL: MPC-32 (continued)

A. Allowable Contents (continued)

d. Decay Heat Per AssemblyFuel
Storage Location: ;

I
I

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

ii. All Other Array/Classes

e. Fuel Assembly Length

f. Fuel Assembly Width

g. Fuel Assembly Weight

Certificate of Compliance No. 1014
Appendix B

< 500 Watts

As specified in Section 2.4. Tables 2.1-5
or 2.1-7.

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

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

I
I
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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-
FUELHARDWARE, placedin DAMAGED FUEL CONTAINERS. Uranium oxide
PWR DAMAGED FUELASSEMBLIES shallmeet the criteria specifiedin Table
2.1-2 and meet the following specifications (Note 1):

I

I
I
I
I
I
I
I
I

a. Cladding Type:

b. Initial Enrichment:

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

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

l

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

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

ii. All OtherArray/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
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Cooling time > 9 years and an average
bumup < 30, 000 MWD/MTU or cooling
time > 20 years and an average bumup 5
40,000 MWD/MTU.

As specified in Section 2.4.

As specified in Table 2.1-8.
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Table 2.1-1 (page 226 of 339)
Fuel Assembly Limits

I

V. MPC MODEL: MPC-32 (continued)

A. Allowable Contents (continued)

d. Decay Heat Per Fuel
Storage Location

. .. I
I
I
I

I
I
I
I
I
I
I

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

ii. All Other Array/Classes

e. Fuel Assembly Length

f. FuelAssembly Width

g. Fuel Assembly Weight

< 500 Watts.

As specified in Section 2.4.

< 176.8 inches (nominal design) I

< 8.54 inches (nominal design)

< 1, 680 lbs (including NON-FUEL
HARDWARE and DFC)

B. Quantity per MPC: Up to eight (8) DAMAGED FUELASSEMBLIESin DAMAGED
FUEL CONTAINERS, stored in fuel storage locations 1, 4, 5, 10, 23, 28, 29,
and/or32. The remaining MPC-32 fuelstorage locations may be filled with PWR
INTACT FUEL ASSEMBLIES meeting the applicable specifications.

C. DAMAGED-FUE:ASSEMBES-nd Neutron sources and FUEL DEBRIS are not
authorized for loading in the MPG-32.

Note 1: Fuel assemblies containing BPRAs, TPDs, WABAs, water displacement guide
tube plugs, or orifice rod assemblies, or vibration suppressor inserts may be
stored in any fuel cell storage location. Fuel assemblies containing CRAs,
RCCAs, CEAs, or APSRs may only be loaded in fuel storage locations 13, 14,
19, and/or 20. These requirements are in addition to any other requirements
specified for uniform or regionalized fuel loading.
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Table 2.1-1 (page 257 of 339)
Fuel Assembly Limits

I

VI. MPC MODEL: MPC-68FF

A. Allowable Contents

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

a. Cladding Type:

b. Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

c. Initial Maximum Rod Enrichment

Zircaloy-(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.

I

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

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

ii. Array/Class 8x8F

iii. Array/Classes Ox1iOD and
10x1 OE

iv. All Other Array/Classes

Certificate of Compliance No. 1014
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Cooling time > 18 years and an average
bumup < 30,000 MWDIMTU
(or MTU/MTIHM).

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

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

As specified in Section 24. Tables 2.1-4 -o
2. 6.

I
I
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Table 2.1-1 (page 302 of 339)
Fuel Assembly Limits

I

VII. MPC MODEL: MPC-24EF

A. Allowable Contents

1. Uranium oxide, PWR INTACT FUEL ASSEMBLIES listed in Table 2.1-2, with orwithout
NON-FUEL HARDWARE and meeting the following specifications (Note 1):

a. Cladding Type:

b. Initial Enrichment:

0realoy (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.

c. Post-irradiation Cooling lime and
Average Bumup Per Assembly:

i. Array/Classes 14x14D, 14x14E,
and 15x1 5G

ii. All Other Array/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
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Cooling time > 8 years and an average
bumup < 40,000 MWDIMTU.

As specified in Section 2.4. Tables 24!--or

As specified in Table 2.1-8.

I
I
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Table 2.1-1 (page 313 of 339)
Fuel Assembly Limits

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

A. Allowable Contents (continued)

d. Decay Heat Per AssemtblyFuel
Storage Location:

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

ii. All other Array/Classes

e. Fuel Assembly Length:

f. Fuel Assembly Width:

g. Fuel Assembly Weight

Certificate of Compliance No. 1014
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I
I

< 710 Watts.

As specified in Section 2.4. Tables 2.1 5 or

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

< 1,680 Ibs (including NON-FUEL
HARDWARE)
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Table 2.1-1 (page 324 of 339)
Fuel Assembly Limits

I

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

A. Allowable Contents (continued)

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

a. Cladding Type:

b. Initial Enrichment:

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

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

ii. All Other Array/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
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Zircaloy (Zr) ZR or Stainless Steel (SS)
as specified in Table 2.1-2 for the
applicable fuel assembly array/class

940 *5%-U As specified in Table 2.1-
2 for the applicable fuel assembly
array/class.

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

As specified in Section 2.4. Thbles-2.-4
o . .

As specified in Table 2.1-8.

I

I
I
I

I
I
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Table 2.1-1 (page 335 of 339)
Fuel Assembly Limits

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

A. Allowable Contents (continued)

d. Decay Heat Per
AssembyFuel Storage
Location:

I

I
I

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

ii. All Other Array/Classes

e. Fuel Assembly Length

f. Fuel Assembly Width

g. Fuel Assembly Weight

< 710 Watts.

As specified in Section 2.4. Tables 2.1-5
or 217.

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

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

I
I

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

C. Neutron sources are not authorized for loading in the MPC-24EF.

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

I

I
I
I
I
I

Vill. MPC MODEL- MPG-32F

A. Allowable Contents

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

a. Cladding Type:

b. Initial Enrichment

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

I

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

I
I

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

L Array/Classes 14x14D,
14x14E, and 15x15G

ii. All OtherArray/Classes

iii. NON-FUEL HARDWARE

Cooling time > 9 years and an average
bumup < 30,000 MWD/MTU or cooling
time > 20 years and an average bumup <
40,000 MWD/MTU.

As specified in Section 2.4.

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

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

A. Allowable Contents (cont'd)

d. Decay Heat Per Fuel
Storage Location:

I
I
I
I
I
I

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

ii. All Other Array/Classes

e. Fuel Assembly Length

f. Fuel Assembly Width

g. Fuel Assembly Weight
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< 500 Watts.

As specified in Section 2.4.

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

< 1, 680 lbs (including NON-FUEL
HARDWARE)
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Fuel Assembly Limits

Approved Contents
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.. . . IVill. MPC MODEL: MPC-32F (cont'd)

A. Allowable Contents (cont'd)

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

a. Cladding Type:

b. Initial Enrichment.

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

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

I
I
I

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

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

ii. All OtherArray/Classes

ii. NON-FUEL HARDWARE
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Cooling time > 9 years and an average
bumup < 30,000 MWD/MTU or cooling
time > 20 years and an average bumup <
40,000 MWDIMTU.

As specified in Section 2.4.

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

Vil. MPC MODEL MPC-32F (cont'd)

A. Allowable Contents (cont'd)

d. Decay Heat Per Fuel
Storage Location:

I
I
I
I
I
I
I

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

ii. All Other Array/Classes

e. Fuel Assembly Length

f. Fuel Assembly Width

g. Fuel Assembly Weight

< 500 Watts.

As specified in Section 2.4.
I
I

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

< 1, 680 lbs (including NON-FUEL
HARDWARE and DFC)

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

I
I
I
I
I
I

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

Note 1: Fuel assemblies containing BPRAs, TPDs, WABAs, water displacement guide
tube plugs, orifice rod assemblies, or vibration suppressorinserts may be stored
in any fuel storage 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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2.4 Decay Heat, Bumup, and Cooling Tme Limits for ZR-Clad Fuel

This section provides the limits on ZR-clad fuel assembly decay heat, bumup, -and cooling time for
storage in the Hl-STORM 100 System. A detailed discussion of how to calculate the limits and verify
compliance, including examples, is provided in Chapter 12 of the HI-STORM 100 FSAR.

2.4.1 Uniform Fuel Loading Decay Heat Limits forZR-clad fuel

Table 2.4-1 provides the maximum allowable decayheatperfuelstorage location forZR-clad
fuel in uniform fuel loading for each MPC model.

Table 2.4-1

Maximum Allowable Decay Heat per Fuel Storage Location
(Uniform Loading, ZR-Clad)

I
I
I
I
I
I
I
I
I
I
I

MPC Model Decay Heat per Fuel Storage Location

MPC-24124Et24EF < 1.583

MPC-32W32F < 1.1875

MPC-68168FF < 0.522

I

I

I

I

2.4.2 Regionalized Fuel Loading Decay Heat Limits forZR-Clad Fuel

The allowable maximum decay heat per fuel storage location for ZR-clad fuel in
regionalized fuel loading shall be calculated as follows. Fuel loading regions for each MPC
model are shown in Figures 2.1-1 through 2.1-4. The number of fuel storage locations in
each region and the maximum total decay heat per MPC model is provided in Table 2.4-2.

Table 2.4-2

Fuel Storage Regions and Maximum Decay Heat per MPC

Number of Fuel Number of Fuel

MPC Model Storage Locations Storage Locations in Hat p ecayin Region 1 Region 2
.(NRMV;OX J) (Naeglon 2 . (klW7

MPC-24)24EJ24EF 4 20 38

MPG-32/32F 12 4., 20 38

MPC-68168FF 32 36 35.5

I
I
I
I
I
I
I
I
I
I
I
I
I

I

I

I
I
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2.4.2 Regionalized Fuel Loading Decay Heat Limits for ZR-Clad Fuel (cont'd)

2.4.21 Choose a value of X between I and 6, where Xis the ratio of the maximum
decay heat per fuel storage location permitted in Region 1 (qReg, J) to the
maximum. decay heat per fuel storage location permitted in Region 2 (qRg,).

2.4.2.2 Calculate qRegi,,2 using the following equation:

qRegn 2 = (2 x Q)/[(1 + X 5J) x (NR~gil, I xX + NRgi.,, 2)1 Equation. 24.1

Where:

qRegilD2 = Maximum allowable decay heat per fuel storage location in Region 2
(kW)

Q = Maximum allowable heat load for the MPC model from Table 24-2 (kW)

X = Ratio of qRfgL,, 1 to qRgi,,,2 chosen in Step 2.4.Z 1

NRO.gi,, 1 = Number of fuel storage locations in Region 1 from Table 2.4-2

NRem 2,, = Number of fuel storage locations in Region 2 from Table 24-2

2.4.23 Calculate qReg*M 1 using the following equation:

qRgi, I =XX xqRfjion2  Equation 2.4.2

Where:

qRegb 1 = Maximum allowable decay heat per fuel storage location in Region 1
(kW)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

qRekg;,,2 = Maximum allowable decay heat per fuel storage location in Region 2
calculated in Step 2.4.22 (kW)

X= Ratio of qRegi, to qRgi,,,2 chosen in Step 24.2.1

2.4.3 Bumup Limits as a Function of Cooling TIme for ZR-Clad Fuel

The maximum allowable fuel assembly average bumup varies with the following
parameters:

* Minimum fuel assembly cooling time
* Maximum fuel assembly decay heat
v Minimum fuel assembly average enrichment

Certificate of Compliance No. 1014
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2.4.3 Bumup Limits as a Function of Cooling Time for ZR-Clad Fuel (cont'd) I

The maximum allowable ZR-clad fuel assembly average bumup for a given MINIMUM I
ENRICHMENT is calculated as described below for minimum cooling times between 3 and I
20 years using the maximum permissible decay heat determined in Section 2.4.1 or 2.4.2
Different fuel assembly average bumup limits may be calculated for different minimum I
enrichments (by individual fuel assembly) for use in choosing the fuel assemblies to be
loaded into a given MPC. I

2.4.3.1 Choose a fuel assembly minimum enrichment, E235.

2.4.3.2 Calculate the maximum allowable fuel assembly average bumup fora minimum I
cooling time between 3 and 20 years using the equation below. I

Bu (Axq) +(Bxq 2)+(Cxq 3 ) +IDx(E2J2]J+(ExqxE,+(Fxq 2 xE2+G

Equation 2.4.3 1

Where: I

Bu = Maximum allowable average bumup per fuel assembly (MWD/MTU) I

q = Maximum allowable decay heat per fuel storage location determined in I
Section 2.4.1 or 2.4.2 (kW) I

E. = Minimum fuel assembly average enrichment (wt. % 235U) I
(e.g., for 4.05 wt.%, use 4.05) I

A through G = Coefficients from Tables 2.4-3 and 2.4-4 for the applicable fuel I
assembly array/class and minimum cooling time I

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

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

2.4.3.5 Linear interpolation of calculated bumups between cooling times fora given fuel I
assembly maximum decay heat and minimum enrichment is permitted. For I
example, the allowable bumup fora cooling time of 4.5 years maybe I
interpolated between those bumups calculated for 4 year and 5 years. I
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2.4.3 Bumup Limits as a Function of Cooling Time forZR-Clad Fuel (cont'd)

24.3.6 Each ZR-clad fuel assembly to be stored must have a MINIMUM ENRICHMENT
greater than or equal to the value used in Step 24.3.2.

24.4 When complying with the maximum fuel storage location decay heat limits, users must
account for the decay heat from both the fuel assembly and any NON-FUEL HARDWARE,
as applicable for the particular fuel storage location, to ensure the decay heat emitted by all
contents in a storage location does not exceed the limit

Certificate of Compliance No. 1014
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3.0 DESIGN FEATURES

3.1 Site

3.1.1 Site Location

The HI-STORM 100 Cask System is authorized for general use by 10 CFR
Part 50 license holders at various site locations under the provisions of 10
CFR 72, Subpart K.

3.2 Design Features Important for Criticality Control

32.1 MPC-24

1. Flux trap size: > 1.09 in.

2. 'cB loading in the Bore! neutron absorbers: > 0.0267 glcm2 (Boral) or> 0.0223
gicr2 (METAMIC)

32.2 MPC-68 and MPC-68FF

1. Fuel cell pitch: > 6.43 in.

2. '0B loading in the B{ral neutron absorbers: > 0.0372 glcm2 (Boral) or> 0.0310
glc 2 (METAMIC)

3.2.3 MPC-68F

1. Fuel cell pitch: > 6A3 in.

2. 1'B loading in the Boral neutron absorbers: > 0.01 g/cm2

3.2.4 MPC-24E and MPC-24EF

1. Flux trap size:

i. Cells 3, 6,19, and 22: > 0.776 inch

ii.. All Other Cells: > 1.076 inches

2. '1B loading in the Boyra neutron absorbers: > 0.0372 glcm2 (Boral) or> 0.0310
glcm2 (METAMIC)

3.2.5 MPC-32 and MPC-32F

1. Fuel cell pitch: > 9.158 inches

2. { 1 B loading in the Boryl neutron absorbers: > 0.0372 g/cm2 (Boral) or> 0.0310
g/cm2 (METAMIC)

Certificate of Compliance No. 1014
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DESIGN FEATURES

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

3.2.6 Fuel spacers shall be sized The fuel assemblies shal be positioned in the MPC to I
ensure that the active fuel region of intact fuel assemblies remains within the Bnal I
neutron poison region of the MPC basket with water in the MPC.

3.27 The B4C content in METAMIC shall be < 33.0 wt%.

3.2.8 Neutron Absorber Tests

Section 9.1.5.3 of the HI-STORM 100 FSAR is hereby incorporated by reference I
into the HI-STORM 100 CoC. The minimum 10B for the neutron absorbershag meet I
the minimum requirements foreach MPC model specified in Sections 3.2.1 through I
3.2.5 above.

3.3 Codes and Standards

The American Society of Mechanical Engineers Boiler and Pressure Vessel Code (ASME Code),
1995 Edition with Addenda through 1997, is the governing Code for the HI-STORM 100 System,
as clarified in Specification 3.3.1 below, except for Code Sections V and IX The latest effective I
editions ofASME C6de Sections Vand IX, including addenda, may be used foractivities govemed I
by those sections provided a written reconciliation of the later edition against the 1995 Edition, I
including addenda, isperformedby the certificate holder. American Concrete Institute (ACI) 349-85 1
is the governing Code for plain concrete as clarified in Appendix 1 .D of the Final Safety Analysis
Report for the HI-STORM 100 Cask System.

3.3.1 ExeeptkonsAltematives to Codes. Standards, and Criteria

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

3.3.2 Construction/Fabrication ExeeptionsAltematives to Codes, Standards, and Criteria I

Proposed alternatives to the ASME Code, Section 1II, 1995 Edition with Addenda
through 1997 including exceptions modifications to the alternatives allowed by I
Specification 3.3.1 may be used on a case-specific basis when authorized by the I
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

(continued)
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DESIGN FEATURES

3.3.2 Construction/Fabrication Altematives to Codes, Standards, and Criteria (cont'd)

2. Compliance with the specified requirements of the ASME Code, Section III,
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 exeeptionsatemaUves shall be submitted in accordance with 1 OCFR
72.4.

(continued)
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DESIGN FEATURES

* Table 3-1 (page 1 of 59)
UST OF ASME CODE EXGEPT1ONSALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement ExceptionAltemative, Justification &
ASME Code Compensatory Measures

SectlonlArtlcle

MPC, MPC Subsection NCA General Because the MPC, OVERPACK, and TRANSFER
basket Requirements. CASK are notASME Code stamped vessels, none of
assembly, HI- Requires preparation the specifications, reports, certificates, or other
STORM of a Design general requirements specified by NCA are required.
OVERPACK Specification, Design In lieu of a Design Specification and Design Report,
steel Report, Overpressure the HI-STORM FSAR includes the design criteria,
structure, and Protection Report, service conditions, and load combinations for the
HI-TRAC Certification of design and operation of the HI-STORM 100 System
TRANSFER Construction Report as well as the results of the stress analyses to
CASK steel Data Report. and demonstrate that applicable Code stress limits are
structure other administrative met Additionally, the fabricator is notrequired to have

controls for an ASME anASME-certified QA program. Allimportant-to-safety
Code stamped vessel, activities are governed by the NRC-approved Holtec

QA program.

Because the cask components are not certified to
the Code, the terms YCertifcate, Holder"and
Inspector"are not germane to the manufacturing of
NRC-certified cask components. To eliminate
ambiguity, the responsibilities assigned to the
Certificate Holder in the various artides of
Subsections NB, NG, and NF of the Code, as
applicable, shall be interpreted to apply to the NRC
Certificate of Compliance (CoC) holder (and by
extension, to the component fabricator) if the
requirement must be fulfilled. The Code term
.Inspector" means the QAlQCpersonnel of the CoC
holder and its vendors assigned to oversee and
inspect the manufacturing process.

MPC N1-i 100 Statement of MPC enclosure vessel is designed and will be
requirements for Code fabricated in accordance with ASME Code, Section
stamping of Ill, Subsection NB to the maximum practical extent,
components. but Code stamping is not required.

Certificate of Compliance No. 1014
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Table 3-1 (page 2 of 59)
UST OF ASME CODE EXGEPTIONSALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference . Code Requirement ExceptionAltemative, Justification &
ASME Code Compensatory Measures

SectionfArticle.

MPC basket
supports and
lift lugs

NB-1130 NB-1 132.2(d) requires
that the first
connecting weld of a
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 t is
the nominal thickness
of the pressure-
retaining materiaL

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

The MPC basket supports (nonpressure-retaining
structural attachments)and lift lugs (nonstructural
attachments (relative to the function of lifting a
loaded MPC) that are used exclusively for lifting an
empty 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 limits of Subsection
NG and the liflt 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.

I
I

I

I
I
I
I
I
I
I
I.I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

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

Component Reference Code Requirement ExceptlonAltematfve, Justification &
ASME Code Compensatory Measures

SectionlArticle

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

MPC, MPC NB-3100 Provides requirements. These requirements are not applicable. The Hi-
basket NG-3100 for determining design STORM FSAR, serving as the Design Specification,
assembly, HI- NF-3100 loading conditions, establishes the service conditions and load
STORM such as pressure, combinatons for the storage system.
OVERPACK temperature, and
and HI-TRAC mechanical loads.
TRANSFER
CASK

MPC NB-3350 NB-3352.3 requires, Due to MPC basket-to-shell interface requirements,
for Category C joints, the MPC shel-to-baseplate weld joint design
that the minimum (designated Category C) does not include a
dimensions of the reinforcing filletweldora bevelin the MPC baseplate,
welds and throat which makes it different than any of the representative
thickness shall be as configurations depicted in Figure NB-4243-1. The
shown in Figure NB- transverse thickness of this weld is equal to the
4243-1. thickness of the adjoining shell (1/2 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 cavity space is
not included. Not including this fillet weld provides for
a higher quality radiographic examination of the full
penetration weld.

From the standpoint of stress analysis, the fillet weld
serves to reduce the local bending stress
(secondary stress) produced by the gross structural
discontinuity defined by the flat plate/shell junction.
In the MPC design, the shell and baseplate
thicknesses are well beyond that required to meet
their respective membrane stress intensity limits.

I
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Table 3-1 (page 4 of 59)
UST OF ASME CODE EXGEPTIONSALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement ExceptionAltemative, Justification &
ASME Code Compensatory Measures

SectionlArticle

MPC, MPC NB-4120 NB4121.2, NG- In-shop operations of short duration that applyheatto
Basket NG-4120 4121.2, and NF- a component, such as plasma cutting of plate stock
Assembly, Hi- NF-4120 4121.2 provide welding, machining, coating, and pouring oflead are
STORM requirements for not, unless explicitly stated by the Code, defined as
OVERPACK repetition of tensile or heat treatment operations.
steel impact tests for
structure, and material subjected to For the steelparts in the HI-STORM 100 System
HI-TRAC heat treatment during components, the duration for which a part exceeds
TRANSFER fabrication or the off-normal temperature limit defined in Chapter 2
CASK steel installation. of the FSAR shall be limited to 24 hours in a
structure . particular manufacturing process (such as the HI-

TRAC lead pouring process).

MPC, MPC NB-4220 Requires certain The cylindricity measurements on the rolled shells
basket - NF-4220 forming tolerances to are not specifically recorded in the shop travelers,
assembly, HI- be met for cylindrical, as would be the case for a Code-stamped pressure
STORM conical, or spherical vessel. Rather, the requirements on inter-
OVERPACK shells of a vesseL component clearances (such as the MPC-to-
steel TRANSFER CASK) are guaranteed through fixture-
structure, and controlled manufacturing. The fabrication
HI-TRAC specification and shop procedures ensure that all
TRANSFER dimensional design objectives, including inter-
CASK steel component annularclearances 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 compliance directly, they are indirectly
satisfied (actually exceeded) in the final
manufactured components.

MPC Uid and NB-4243 Full penetration welds MPC lid and closure ring are not full penetration
Closure Ring required for Category welds. They are welded independently to provide a
Welds C Joints (flat head to redundant seal. Additionally, a weld efficiency factor

main shell per NB- of 0.45 has been applied to the analyses of these
3352.3). welds.

I

I

I

.I
I.I

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

Component Reference Code Requirement ExceptionAltemative, Justification &
ASME Code Compensatory Measures

SectionlArticle

MPC Lid to NB-5230 Radiographic (RT) or Only UT or multi-layer liquid penetrant (PT)
Shell Weld ultrasonic (UT) examination is permitted. If PT alone is used, at a

examination required minimum, it will include the root and final weld layers
and each approximately 318 inch of weld depth.

MPC Closure NB-5230 Radiographic (RT) or Root (if more than one weld pass is required) and
Ring, Vent ultrasonic (UT) final liquid penetrant examination to be performed in
and Drain examination required accordance with NB-5245. Th. MPG vent and drab,
Cover Plate evef te-welds-areeested The closure ring
Welds provides independent redundant closure for vent

and drain cover plates.

MPC NB-61 11 All completed The MPC enclosure vessel is seal welded in the field
Enclosure pressure retaining following fuel assembly loading. The MPC enclosure
Vessel and systems shall be vessel shall then be hydrost lpressure tested as
Lid pressure tested. defined in Chapter 9. Accessibility for leakage

inspections preclude a Code compliant
hyrestatiepressure test. All MPC enclosure vessel welds
(except closure ring and vent/drain cover plate) are
inspected by volumetric examination, except the MPC fid-

to-shell weld shall be verified by volumetric or multilayer
PT examination. If PT alone is used, at a minimum, it
must include the root and final layers and each
approximately 318 inch of weld depth. For either UT or
PT, the maximum undetectable flaw size must be
demonstrated to be less than the critical flaw size. The
critical flaw size must be determined in accordance with
ASME Section Xl methods. The critical flaw size shall not
cause the primary stress limits of NB-3000 to be
exceeded.

The inspection proeess results, including relevant findings
(indications), shall be made a permanent part of the
user's records by video, photographic, or other means
which provide an equivalent retrievable record of weld
integrity. The video or photographic records should be
taken during the final interpretation period described in
ASME Section V. Article 6, T-676. The vent/drain
cover plate wemld is confi,.ed b, Lakkage tet an
ianand the closure ring welds is
are confirmed by liquid penetrant examination. The
inspection of the weld must be performed by qualified
personnel and shall meet the acceptance requirements of
ASME Code Section III, NB-5350 for PT or NB-5332 for
UT.

Il

I
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Table 3-1 (page 6 of 59)
LIST OF ASME CODE EXGEPTIONSALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement ExceptionAltemative, Justification &
ASME Code Compensatory Measures

SectionlArticle

MPC NB-7000 Vessels are required No overpressure protection is provided. The
Enclosure to have overpressure function of the MPC enclosure vessel is to contain
Vessel protection the radioactive contents under normal, off-normal,

and accident conditions. The MPC vessel is
designed to withstand maximum internal pressure
considering 100% fuel rod failure and maximum
accident temperatures.

MPC NB-8000 States requirements The HI-STORM100 System is to be marked and
Enclosure for nameplates, identified in accordance with I OCFR71 and
Vessel,. stamping and reports I OCFR72 requirements. Code stamping is not

. per NCA-8000. required. QA data package to be in accordance
with Holtec approved QA program.

MPC Basket NG-2000 Requires materials to Materials will be supplied by Holtec-approved
Assembly be supplied by ASME- supplier with CMTRs in accordance with NG-2000

approved material requirements.
supplier.

I

I

I
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Table 3-1 (page 7 of 59)
LIST OFASME CODE EXGEP77ONSALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Il

Component Reference Code Requirement ExceptionAlternative, Justification &
ASME Code Compensatory Measures

SectionlArticle

MPC basket NG-4420 NG-4427(a) allows a Modify the Code requirement (intended for core support
assembly fillet weld in any single structures) with the following text prepared to accord with

continuous weld to be the geometry and stress analysis imperatives for the fuel
less than the specified basket For the longitudinal MPC basket fillet welds, the
fillet weld dimension fllowing criteria apply: 1) The specified fillet weld throat
by not more than 1/16 dimension must be maintained over at least 92 percent of

the total weld length. AU regions of undersized weld must
inch, provided that the be less than 3 inches long and separated from each other
total undersize portion by at least 9 inches. 2) Areas of undercuts and porosity
of the weld does not beyondthatallowedbythe applicableASME Code shallnot
exceed 10 percent of exceed 1l2inchinweldlength. Thetotallength of undercut
the length of the weld. and porosity over any 1-foot length shall not exceed 2
IndMdual undersize inches 3) The total weld length in which items (1) and (2)
weld portions shall not apply shall not exceed a total of 10 percent of the overall
exceed 2 inches in weld length. The limited access of the MPC basketpanel
length. longitudinal fillet welds makes it difficurt to perform effective

repairs of these welds and creates the potential for causing
additional damage to the basket assembly (e.g., to the
neutron absorberandits sheathing) if repairs are attempted.
The acceptance criteria pro vided 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 filet weld seam
would not after the primary bending stresses on which the
design of the fuel baskets is predicated. Stated differentty,
the permitted weld discontinuities are fimited in size to
ensure that they remain classifiable as localstress elevators
('peak stress', F, in the ASME Code for which specific
stress intensity limits do not apply).

MPC Basket NG-B000 States requirements The Hl-STORM100 System is to be marked and
Assembly for nameplates, identified in accordance with 1OCFR71 and

stamping and reports IOCFR72 requirements. Code stamping is not
per NCA-8000. required. The MPC basket data package to be in

accordance with Holtec approved QA program.

OVERPACK NF-2000 Requires materials to Materials will be supplied by Holtec-approved
Steel be supplied by ASME- supplier with CMTRs in accordance with NF-2000
Structure approved material requirements.

supplier.
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Table 3-1 (page 8 of 69)
UST OF ASME CODE EXGEPTIONSALTERIATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement EixceptionAlterative, Justification &
ASME Code Compensatory Measures

SectionlArticle

TRANSFER NF-2000 Requires materials to Materials will be supplied by Holtec-approved
CASK Steel be supplied by ASME- supplier with CMTRs in accordance with NF-2000
Structure approved material requirements.

._ _ _ .supplier. _

OVERPACK NF4441 Requires special The lage margins of safety in these welds under
Baseplate and examinations or loads experienced during rifting operations or
Lid Top Plate requirements for welds accident conditions are quite large. The

where a primary OVERPACK baseplate welds to the inner shell,
member of thickness I pedestal shell, and radial plates are only loaded
inch or greater is during lifting conditions and have asminirtu large

* loaded to transmit safety factors of ',4 during lifting. Likewise, Fthe
loads in the through top lid plate to lid shell weld has a large structural
thickness direction. margin under the inertia loads imposed during a

non-mechanistic tipoverevenL safety factor ? -6
under a deceleraton- of 45 _'a.

OVERPACK NF-3256 Provides requirements Welds for which no structural credit is taken are
Steel NF-3266 for welded joints. identified as 'Non-NF welds in the design drawings
Structure by an A. These non-structural welds'are specified

in accordance with the pre-qualified welds of AWS
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 NP-
3256.Z but are not required to meet the joint
configuration requirements specified in these Code
articles. The geometry of the joint designs in the
cask structures are based on the fabricability and
accessibility of the joint, not generally contemplated
by this Code section governing supports.

I
I

I

I

.I
I.I

.I
I
I

.. I
I
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Table 3-1 (page 9 of 59)
LIST OF ASME CODE EXGEPTIONSALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement ExceptotAlternative, Justification &
ASME Code Compensatory Measures

SectionlArticle

HI-STORM NF-3320 NF-3324.6 and NF- These Code requirements are applicable to linear
OVERPACK NF-4720 4720 provide structures wherein bolted joints carry axial, shear, as
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 definedin the FSAR. Boltedjoints
in these components see no shear or torsional loads
under normal storage conditions. Larger clearances
between bolts and holes maybe 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 jints that are subject to shear loads in
accident conditions are qualified by appropriate
stress analysis., Larger bolt-to-hole clearances help
ensure more efficient operations in making these
bolted connections, thereby minimizing time spent
by operations personnel in a radiation area.
Additionally, larger bolt-to-hole clearances allow
interchangeability of the lids from one particular
fabricated cask to another.

Il

I
I
I
I
I
I
I
I

I 1-1---,
I
I
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DESIGN FEATURES (continued)

3.4 Site-Specific Parameters and Analyses

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

1. The temperature of 800 F is the maximum average yearly temperature.

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

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

GH + p Gv < p

where p is eitherthe Coulomb friction coefficient forthe HI-STORM 1 00ISFSI pad
interface or the ratio rAh, where ris the radius of the cask and 'h'is the height of
the caskcenter-of-gravityabove the ISFSlpadsurface. The above inequalitymust
be met forboth definitions of p. Unless demonstrated by appropriate testing that
a higher coefficient of friction value of-t-is appropriate for a specific ISFSI, the
value afp-used shall be 0.53. Representative values of GH and Gv combinations
for pi a coefficient of friction = 0.53 to prevent sliding are provided in Table 3-2. If
acceleration time histories on the ISFSlpad surface are available, G. and Gvmay
be the coincident values of the instantaneous net horizontal and vertical
accelerations. If instantaneous accelerations are used, the inequality shall be
evaluated at each time step in the acceleration time history over the total duration
of the seismic event.

Table 3-2

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

Equivalent Vectorial Sum of Two' Corresponding Vertical ZPA (G. in g's)
Horizontal ZPA's (G, in g's)

0.445 0.160

0.424 0.200

0.397 0.250

(continued)
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DESIGN FEATURES

3.4 Site-Specific Parameters and Analyses (continued)

b. For those ISFSI sites with design basis seismic acceleration values higher than
those allowed for free-standing casks, the HI-STORM 100 System shall be
anchored to the ISFSI pad. The site seismic characteristics and the anchorage
system shall meet the following requirements:

i. The site acceleration response spectra at the top of the ISFSI pad shall
have ZPAs that meet the following inequalities:

GH <2.12

AND

Gv < 1.5

Where:

GH is the vectorial sum of the two horizontal ZPAs at a three-dimensional
seismic site (or the horizontal ZPA at a two-dimensional site) and Gv is the
vertical ZPA.

ii. Each HI-STORM 100 dry storage cask shall be anchored with twenty-eight
(28), 2-inch diameter studs and compatible nuts of material suitable for the
expected ISFSI environment The studs shall meet the following
requirements:

Yield Strength at Ambient Temperature: > 80 ksi

Ultimate Strength at Ambient Temperature: > 125 ksi

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

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

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

(continued)

DESIGN FEATURES
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3.4 Site-Specific Parameters and Analyses (continued)

4. The analyzed flood condition of 15 fps water velocity and a height of 125 feet of water
(full submergence of the loaded cask) are not exceeded.

5. The potential for fire and explosion shall be addressed, based on site-specific
considerations. This includes the condition that the on-site transporter fuel tank will
contain no more than 50 gallons of diesel fuel while handling a loaded OVERPACK or
TRANSFER CASK.

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

b. For anchored casks, the ISFSI pad shall be designed to meet the embedment
requirements of the anchorage design. A cask tip-over event for an anchored
cask is not credible. The ISFSI pad shall be verified by analysis to limit cask
deceleration during a design basis drop event to < 45 g's at the top of the MPC
fuel basket, except as provided for in this paragraph below. Analyses shall be
performed using methodologies consistent with those described in the HI-
STORM 100 FSAR. A lift height above the ISFSI pad is not required to be
established if the cask is lifted with a device design in accordance with ANSI
N 14.6 and having redundant drop protection features.

7. In cases where engineered features (i.e., berms and shield walls) are used to ensure
that the requirements of I OCFR72.1 04(a) are met, such features are to be considered
important to safety and must be evaluated to determine the applicable Quality
Assurance Category.

(continued)
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3.4 Site-Specific Parameters and Analyses (continued)

8. LOADING OPERATIONS, TRANSPORT OPERATIONS, and UNLOADING
OPERATIONS shall only be conducted with working area ambient temperatures > 00
F.

9. For those users whose site-specific design basis includes an event or events (e.g.,
flood) that result in the blockage of any OVERPACK inlet or outlet air ducts for an
extended period of time (i.e, longer than the total Completion Time of LCO 3.1.2), an
analysis or evaluation may be performed to demonstrate adequate heat removal is
available for the duration of the event. Adequate heat removal is defined as fuel
cladding temperatures remaining below the short term temperature limit. If the analysis
or evaluation is not performed, or if fuel cladding temperature limits are unable to be
demonstrated by analysis or evaluation to remain below the short term temperature
limit for the duration of the event, provisions shall be established to provide alternate
means of cooling to accomplish this objective.

(continued)
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3.5 Cask Transfer Facility (CTF)

3.5.1 TRANSFER CASK and MPC Lifters

Lifting of a loaded TRANSFER CASK and MPC eutside using devices that are not
integral to of structures governed by 10 CFR Part 50 shall be performed with a CTF
that is designed, operated, fabricated, tested, inspected, and maintained in accordance
with the guidelines of NUREG-0612, Control of Heavy Loads at Nuclear Power Plants'
and the below clarifications. The CTF Structure requirements below do not apply to
heavy loads bounded by the regulations of 10 CFR Part 50.

3.5.2 CTF Structure Requirements

3.5.2.1 Cask Transfer Station and Stationary Lifting Devices

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

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

3. The TRANSFER CASK and MPC lifting device used with the CTF
shall be designed, fabricated, operated, tested, inspected and
maintained in accordance with NUREG-0612, Section 5.1.

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

(continued)
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3.5.2.2 Mobile Lift Devices

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

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

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

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

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

(continued)
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Table 3-3

Load Combinations and Service Condition Definitions for the CTF Structure (Note 1)

Load Combination ASME IlIl Service Condition Comment
for Definition of Allowable

Stress

D* . All primary load bearing
Level A members must satisfy Level A

D+S stress limits

D+ M+W' Factor of safety against
(Note 2) overturning shall be > 1.1

D+F Level D

D+E

D+Y .

D = Dead load
K>J D* = Apparent dead load

S = Snow and ice load for the CTF site
M = Tornado missile load for the CTF site
V = Tornado wind load for the CTF site
F = Flood load for the CTF site
E = Seismic load for the CTF site
Y = Tsunami load for the CTF site

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

2. Tornado missile load may be reduced or eliminated based on a PRA for the CTF site.
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3.6 Forced Helium Dehydration System

3.6.1 System Description

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

3.6.2 Design Criteria

3.6.2.1 The temperature of the helium gas in the MPG shall be at least 15OF higher
than the saturation temperature at coincident pressure.

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

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

3.6.2.4 The partial pressure of the water vapor in the MPC cavity will not exceed 3
torr. The limit is met if the heliumgas temperature at the demoisturizer outlet
is verified by measurement to remain < 21 OF for a period of 30 minutes or if
the dew point of the gas exiting the MPG is verified by measurement to
remain < 22.90F for > 30 minutes.

3.6.2.5 The condensing module shall be designed to de-vaporize the recirculating
helium gas to a dew point < 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 MPG meets these design criteria.

(continued)
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3.6 Forced Helium Dehydration System (continued)

3.6.3 Fuel Cladding Temperature

Asteady-state thermal analysis of the MPC underthe forced helium flow scenario shall
be performed using the methodology described in HI-STORM 100 FSAR Section
4.4,Sbsections 441-through-4.44 with due recognition of the forced
convection process during FHD system operation. This analysis shall demonstrate that
the peak temperature of the fuel cladding under the most adverse condition of FHD
system operation, is below the peak cladding temperature limit for normal conditions
of storage for the applicable fuel type (PWR or BWR) and cooling time at the start of
dry storage.

I
I
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Supplemental Cooling System
3.1.4

3.1 SFSC INTEGRITY

3.1.4 Supplemental Cooling System

LCO 3.1.4 The Supplemental Cooling System (SCS) shall be operable

-------- NOTE~
Upon reaching steady state operation, the SCS may be temporarily disabled for a short duration
(! 7 hours) to facilitate necessary operational evolutions, such as movement of the TRANSFER
CASK through a door way, or other similar operation.

APPLICABILITY: This LCO is applicable when the loaded MPC is in the TRANSFER CASK
and:

a. Within 4 hours of the completion of MPC drying operations in
accordance with LCO 3.1.1 or within 4 hours of transferring the MPC
into the TRANSFER CASK if the MPC is to be unloaded

AND

b. The MPC contains one or more fuel assemblies with an average
burnup > 45,000 MWDIMTU

AND

c. The MPC decay heat load exceeds either of the following limits based
on orientation:

i. > 23 kW in the vertical orientation

OR

ii. > 19 kW in the horizontal orientation

OR

d. The MPC contains fuel of any authorized bumup

AND

e. The MPC decay heat load is > 30 kW

AND

f. The TRANSFER CASK is in the horizontal orientation
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Supplemental Cooling System
3.1.4

I
I

ACTIONS

CONDITION - REQUIRED ACTION COTIME

A. SFSC Supplemental A.1 With the TRANSFER CASK in 7 days
Cooling System the vertical orientation, restore
inoperable. SFSC Supplemental Cooling

System to operable status.

OR

A.2.1 With the TRANSFER CASK 24 hours
in the horizontal orientation,
rotate the TRANSFER
CASK to the vertical
orientation.

AND

A.2.2 Restore the Supplemental 7 days
Cooling System to operable
status.

B. Required Actions A.1 B.1 Remove all fuel assemblies 30 days
through A.2.2 and from the SFSC.
associated Completion
Times not met.

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.1.4.1 Verify Supplemental Cooling System is operable. 2 hours

I
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MPC Cavity Drying Limits
Table 3-1

Table 3-1
MPC Cavity Drying Limits

Fuel Bumup MPC Heat Load Method of Other Requirements
(MWDIMTU) (kW) (Notes I and 2) (Note 3)

All Assemblies < 45,000 < 17 VDS or FHD None

If VDS is used,
All Assemblies < 45,000 > 17 and < 18 VDS or FHD annulus water

recirculation is required

All Assemblies < 45,000 > 18 and < 38 FHD None

One or more
assemblies > 45,000 <38 FHD None

Notes:

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

2. FHD means Forced Helium Dehydration System. The acceptance criterion for the FHD
System is gas temperature exiting the demoisturizer shall be < 21OF for > 30 minutes or
gas dew point exiting the MPC shall be < 22.90F for> 30 minutes.

3. Annulus water recirculation means a sufficient 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) to ensure exit water temperature is < 1250F.

Certificate of Compliance No. 1014
Appendix A 3.4-1



Programs
5.0

ADMINISTRATIVE CONTROLS AND PROGRAMS

5.6 Deleted. I

5.7 Radiation Protection Proaram i

5.7.1 Each cask usershall ensurethatthe Part50 radiation protection program appropriately
-addresses dry storage cask loading and unloading, as well as ISFSI operations, }
including transport of the loaded OVERPACK orTRANSFER CASK outside of facilities
governed by 10 CFR Part 50. The radiation protection program shall include
appropriate controls for measuring dose rates, ensuring compliance with applicable
regulations, and implementing actions to maintain personnel occupational exposures
As Low As Reasonably Achievable (ALARA). This program provides a means to help
ensure that licensees using the HI-STORM 100 System do not violate the dose limits
in 10 CFR 72. The actions and criteria to be included in the program are provided
below.

*5.7.2 As part of its evaluation pursuant to, 10 CFR 72.212(b)(2)(i)(C), the licensee shall
perform an analysis to confirm that the dose limits of 10 CFR 72.104(a) will be satisfied
under the actual site conditions and ISFSI configuration, considering the planned
number of casks to be deployed and the cask contents.

5.7.3 Based on the analysis performed pursuantto Section 5.7.2, the licensee shall establish I
cask surface dose rate limits for the HI-TRAC TRANSFER CASK and the HI-STORM
OVERPACK to be used at the site. Average neutron and gamma dose rate limits shall
be established at the following locations:

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

5.7.4 Notwithstanding the limits established in Section 5.7.3, the measured dose rates on a
loaded OVERPACK shall not exceed the following values:

a. 30 mrem/hr (gamma + neutron) on the top of the OVERPACK
b. 125 mrem/hr (gamma + neutron) on the side of the OVERPACK
c. 130 mrem/hr (gamma + neutron) at the inlet and outlet vent ducts

5.7.5 The licensee shall measure the TRANSFER CASK and OVERPACK surface neutron
and gamma dose rates and calculate average values as described in Section 5.7.8 and
5.7.9 for comparison against the limits established in Section 5.7.3 or Section 5.7.4,
whichever are lower.
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ADMINISTRATIVE CONTROLS AND PROGRAMS

5.7 Radiation Protection Program (cont'd)

5.7.6 If the measured average surface dose rates exceed the lower of the two limits
established in Section 5.7.3 or Section 5.7.4, the licensee shall:

a. Administratively verify that the correct contents were loaded in the correct fuel
storage cell locations.

b. Perform 'an evaluation to verify whether placement of the as-loaded
OVERPACK at the ISFSI will cause the dose limits of 10 CFR 72.104 to be
exceeded.'

5.7.7 If the evaluation performed pursuant to Section 5.7.6 shows that the dose limits of 10
CFR 72.104 will be exceeded, appropriate corrective action shall be taken to ensure
the dose limits are not exceeded.

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

a. A minimum of 12 dose rate measurements shall be taken on the side of the
TRANSFER CASK in three sets of four measurements. One measurement set
shall be taken approximately at the cask mid-height plane. The second and
third measurement sets shall be taken approximately 60 inches above and
below the mid-height plane, respectively. Within each'set; the measurement
locations shall be approximately 90 degrees apart around the circumference
of the cask. Dose rates shall be measured between the radial ribs of the water
jacket.

b. A minimum of four (4) TRANSFER CASK top lid dose rates shall be measured
at locations approximately half way between the edge of the hole in the top lid
and the outer edge of the top lid, 90 degrees apart around the circumference
of the top lid.

c. A minimum of 12 dose rate measurements shall be taken on the side of the
OVERPACK in three sets of four measurements. One measurement set shall
be taken approximately at the cask mid-height plane, 90 degrees apart around
the circumference of the cask. The second and third measurement sets shall
be taken approximately 60 inches above and below the mid-height plane,
respectively,'also 90 degrees apart around the circumference of the cask.

d. A minimum of five (5) dose rate measurements shall be taken on the top of the
OVERPACK One dose rate measurement shall be taken at approximately the
center of the lid and four measurements shall be taken at locations on the top
concrete shield, approximately halfway between the centerand the edge of the
top shield, 90 degrees apart around the circumference of the lid.
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ADMINISTRATIVE CONTROLS AND PROGRAMS

5.7 Radiation Protection Program (cont'd)

e. A dose rate measurement sha~llbe taken on contact at the surface of each inlet
and outlet vent duct screen.

5.7.9 The average measured dose rates shall be calculated by summing the individual
neutron and gamma dose rates measured in Sections 5.7.8.a through 5.7.8.e and
dividing bythetotal numberof measurementsforthatsection. The neutron and gamma
dose rates shall be averaged separately.
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2.0 APPROVED CONTENTS

2.1 Fuel Specifications and Loading Conditions

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

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

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

c. Deleted.

d. ForMPCspartiallyloadedwitharray/class6x6A, 6x6B, 6x6C, 7x7A, or8x8A
fuel assemblies, all remaining ZR clad INTACT FUEL ASSEMBLIES in the
MPC shall meet the decay heat generation limits for the 6x6A, 6x6B, 6x6C,
7x7A and 8x8A fuel assemblies.

e. All BWRfuel assemblies may be stored with orwithoutZR channelswith the
exception of array/class 1 Ox1 OD and 1 Ox1 OE fuel assemblies, which may be
stored with or without ZR or stainless steel channels.

2.1.2 Uniform Fuel Loading

Any authorized fuel assembly may be stored in any fuel storage location, subject to
other restrictions related to DAMAGED FUEL, FUEL DEBRIS, and NON-FUEL
HARDWARE specified in the CoC.

, (continued)

Certificate of Compliance No. 1014
Appendix B 2-1



Approved Contents
2.0

2.0 Approved Contents

2.1 Fuel Specifications and Loading Conditions (cont'd)

2.1.3 Regionalized Fuel Loadinc

Users may choose to store fuel using regionalized loading in lieu of uniform loading
to allow higher heat emitting fuel assemblies to be stored than would otherwise be
able to be stored using uniform loading. Regionalized loading is limited to those fuel
assemblies with ZR cladding. Figures 2.1-1 through 2.1-4 define the regions for the I
MPG-24, MPC-24E, MPC-24EF, MPC-32, MPC-32F, MPC-68, and MPC-68FF I
models, respectively'. Fuel assembly bumup, decay heat, and cooling time limits for
regionalized loading are specified in Section 2.4.2. Fuel assemblies used in I
regionalized loading shall meet all other applicable limits specified in Tables 2.1-1
through 2.1-3.

2.2 Violations

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

2.2.1 The affected fuel assemblies shall be placed in a safe condition.

2.2.2 Within 24 hours, notify the NRC Operations Center.

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

2.3 Deviations from Cask Contents Requirements

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

2.3.1 The proposed alternative contents would provide an equivalent level of safety, and I

2.3.2 The proposed alternative contents are consistent with the applicable requirements. I

l These figures are only intended to distinguish the fuel loading regions.
Other details of the basket design are illustrative and may not reflect the
actual basket design details. The design drawings should be consulted for
basket design details.

Certificate of Compliance No. 1014
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Table 2.1-1 (page 2 of 39)
Fuel Assembly Limits

I. MPC MODEL: MPC-24 (continued)

A. Allowable Contents (continued)

d. Decay Heat Per Fuel Storage
Location:

I

I
I

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

ii All Other Array/Classes

e. Fuel Assembly Length:

f. Fuel Assembly Width:

g. Fuel Assembly Weight:

< 710 Watts

As specified in Section 2.4.

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

. c 1,680 lbs (including NON-FUEL
HARDWARE)

I

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

C. Deleted.

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

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

Certificate of Compliance No. 1014
Appendix B 2-9

I

I
I



Approved Contents
2.0

Table 2.1-1 (page 3 of 39)
Fuel Assembly Limits

I

II. MPC MODEL: MPC-68

A. Allowable Contents

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

a. Cladding Type:

a . .. .. .

b. Maximum PLANAR-AVERAGE
INITIAL ENRICHMENT:

c. Initial Maximum Rod
Enrichment

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

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

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

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

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

ii. Array/Class 8x8F

iii. Array/Classes 1Ox1OD and
1Ox1OE

iv. All Other Array/Classes

Certificate of Compliance No. 1014
Appendix B

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

Cooling time > 10 years and an average
bumup < 27,500 MWDIMTU.

Cooling time > 10 years and an average
bumup < 22,500 MWD/IMTU.

As specified in Section 2.4.
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Table 2.1-1 (page 20 of 39)
Fuel Assembly Limits

I

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

A. Allowable Contents (continued)

: - d. Decay Heat Per Fuel Storage
Location:

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

ii. All other Array/Classes

e. Fuel Assembly Length:

f. Fuel Assembly Width:

g. Fuel Assembly Weight

Certificate of Compliance No. 1014
Appendix B

I
I

- < 710 Watts.

As specified in Section 2.4.

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

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

I
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Table 2.1-1 (page 21 of 39)
Fuel Assembly Limits

I

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

A. Allowable Contents (continued)

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

a. Cladding Type:

b. Initial Enrichment:

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

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

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

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

ii. All Other Array/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
Appendix B

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

As specified in Section 2.4.

As specified in Table 2.1-8.

I
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Table 2.1-1 (page 22 of 39)
Fuel Assembly Limits

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

A. Allowable Contents (continued)

d. Decay Heat Per Fuel
Storage Location:

i. Array/Classes 14xl4D,
14x14E, and 15x15G

ii. All Other Array/Classes

e. Fuel Assembly Length

f. Fuel Assembly Width

g. Fuel Assembly Weight :

< 710 Watts.

As specified in Section 2.4.

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

< 1,680 lbs (including NON-FUEL
HARDWARE and DFC)

I

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

C. Neutron sources and FUEL DEBRIS are not authorized for loading in the MPC-
24E.

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

Certificate of Compliance No. 1014
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Table 2.1-1 (page 23 of 39)
Fuel Assembly Limits

I

V. MPC MODEL: MPC-32

A. Allowable Contents

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

a. Cladding Type:

b. Initial Enrichment

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

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

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

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

ii. All OtherArraylClasses

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
Appendix B

Cooling time > 9 years and an average
bumup < 30,000 MWDIMTU or cooling
time > 20 years and an average bumup <
40,000 MWD/MTU.

As specified in Section 2.4.

As specified in Table 2.1-8.

I
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Table 2.1-1 (page 24 of 39)
Fuel Assembly Limits

I

V. MPC MODEL: MPC-32 (continued)

A. Allowable Contents (continued)

d. Decay Heat Per Fuel Storage
Location:

- < 500 Watts
i. Array/Classes 14x14D,

14x14E, and 15x15G
- .As specified in Section 2.4.

ii. All Other Array/Classes

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 25 of 39)
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 FUELASSEMBLIES shall meet the criteria specified in Table
2.1-2 and meet the following specifications (Note 1):

a. Cladding Type:

b. Initial Enrichment

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

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

ii. All Other Array/Classes

ii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
Appendix B

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

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

Cooling time > 9 years and an average
bumup < 30,000 MWDIMTU or cooling
time > 20 years and an average bumup <
40,000 MWD/MTU.

As specified in Section 2.4.

As specified in Table 2.1-8.

I

I
I

I
I
I
I
I
I
I
I
I
I
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Table 2.1-1 (page 26 of 39)
Fuel Assembly Limits

V. MPC MODEL: MPC-32 (continued)

A. Allowable Contents (continued)

d. Decay Heat Per Fuel
Storage Location:

I

.,I

I
I

I

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

< 500 Watts.

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

e. Fuel Assembly Length

f. Fuel Assembly Width

g. Fuel Assembly Weight

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

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

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

C. Neutron sources and FUEL DEBRIS are not authorized forloading in the MPG-32.

Note 1: Fuel assemblies containing BPRAs, TPDs, WABAs, water displacement guide
tube plugs, orifice rod assemblies, or vibration suppressor inserts may be stored
in any fuel storage 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.

Certficate of Compliance No. 1014
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Table 2.1-1 (page 27 of 39)
Fuel Assembly Limits

I1

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: 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:

c. Initial Maximum Rod Enrichment

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

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

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

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

ii. Array/Class 8x8F

iii. Array/Classes IOxIOD and
1Ox1OE

iv. All Other Array/Classes

Certificate of Compliance No. 1014
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Cooling time > 18 years and an average
bumup < 30,000 MWDIMTU
(or MTU/MTIHM).

Cooling time > 10 years and an average
bumup < 27,500 MWDIMTU.

Cooling time > 10 years and an average
bumup < 22,500 MWDIMTU.

As specified in Section 2.4.
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Table 2.1-1 (page 32 of 39)
Fuel Assembly Limits

I

VII. MPC MODEL: MPC-24EF

A. Allowable Contents

1. Uranium oxide, PWR INTACT FUELASSEMBLIES listed in Table 2.1-2, with orwithout
NON-FUEL HARDWARE and meeting the following specifications (Note 1):

a. Cladding Type:

b. Initial Enrichment:

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

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

ii. All Other Array/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
Appendix B 2-

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
bumup < 40,000 MWD/MTU.

As specified in Section 2.4.

As specified in Table 2.1-8.

I

I
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Table 2.1-1 (page 33 of 39)
Fuel Assembly Limits

I

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

A. Allowable Contents (continued)

d. Decay Heat Per Fuel Storage
Location:

I
I

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

ii. All other Array/Classes

e. Fuel Assembly Length:

f. Fuel Assembly Width:

g. Fuel Assembly Weight

Certificate of Compliance No. 1014
Appendix B

< 710 Watts.

As specified in Section 2.4.

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

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

I
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Table 2.1-1 (page 34 of 39)
Fuel Assembly Limits

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

A. Allowable Contents (continued)

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

a. Cladding Type:

b. Initial Enrichment:

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

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

I
I

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

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

. . .

ii. All Other Array/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
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Cooling time > 8 years and an average
bumup < 40,000 MWD/MTU. '

As specified in Section 2.4.

; As specified in Table 2.1-8.

I
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Table 2.1-1 (page 35 of 39)
Fuel Assembly Limits

I

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

A. Allowable Contents (continued)

d. Decay Heat Per Fuel
Storage Location:

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

ii. All Other Array/Classes

e. Fuel Assembly Length

f. Fuel Assembly Width

g. Fuel Assembly Weight

I
I

< 710 Watts.

As specified in Section 2.4.

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

< 1,680 lbs (including NON-FUEL
HARDWARE and DFC)

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

C. Neutron sources are not permitted for loading in the MPC-24EF.

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

I

I
I
I
I
I

VIII. MPC MODEL: MPC-32F

A. Allowable Contents

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

a. Cladding Type:

b. Initial Enrichment:

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

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

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

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

.ii. All Other Array/Classes

iii. NON-FUEL HARDWARE

Cooling time > 9 years and an average
bumup < 30,000 MWDIMTU or cooling
time > 20 years and an average bumup <
40,000 MWD/MTU.

As specified in Section 2.4.

As specified in Table 2.1-8.

I
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Table 2.1-1 (page 37 of 39)
Fuel Assembly Limits

I

I
I
I
I
I

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

A. Allowable Contents (cont'd)

d. Decay Heat Per Fuel
Storage Location:

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

ii. All Other Array/Classes

e. Fuel Assembly Length

f. Fuel Assembly Width

g. Fuel Assembly Weight

Cerfificate of Compliance No. 1014
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< 500 Watts.

As specified in Section 2.4.

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

< 1,680 Ibs (including NON-FUEL
HARDWARE)
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Table 2.1-1.(page 38 of 39)
Fuel Assembly Limits-

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

A. Allowable Contents (cont'd)

I

-I
I
I
I
I
I

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):

I
I
I
I
I

a. Cladding Type:

b. Initial Enrichment

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

I
I
I
I

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

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

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

ii. All Other Array/Classes

iii. NON-FUEL HARDWARE

Certificate of Compliance No. 1014
Appendix B

Cooling time > 9 years and an average
bumup < 30,000 MWD/MTU or cooling
time > 20 years and an average bumup <
40,000 MWD/MTU.

As specified in Section 2.4.

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

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

A. Allowable Contents (cont'd)

d. Decay Heat Per Fuel
Storage Location:

I
I
I
I
I
I
I

I
I
I
I

.I
I
I

I

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

ii. All Other Array/Classes

e. Fuel Assembly Length

f. Fuel Assembly Width

g. Fuel Assembly Weight

< 500 Watts.

As specified in Section 2.3.

< 176.8 inches (nominal design)

< 8.54 inches (nominal design)

< 1,680 lbs (including NON-FUEL
HARDWARE and DFC)

I

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

C. Neutron sources are not permitted for loading in the MPC-32F.

Note 1: Fuel assemblies containing BPRAs, TPDs, WABAs, water displacement guide
tube plugs, orifice rod assemblies, or vibration suppressor inserts may be stored
in any fuel storage 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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2.4 Decay Heat, Bumup, and Cooling Time Limits for ZR-Clad Fuel

This section provides the limits on ZR-clad fuel assembly decay heat, bumup, and cooling time for
storage in the HI-STORM 100 System. A detailed discussion of how to calculate the limits and verify
compliance, including examples, is provided in Chapter 12 of the HI-STORM 100 FSAR.

2.4.1 Uniform Fuel Loading Decay Heat Limits for ZR-clad fuel

Table 2.4-1 provides the maximum allowable decay heat perfuel storage location forZR-clad
fuel in uniform fuel loading for each MPC model.

Table 2.4-1

Maximum Allowable Decay Heat per Fuel Storage Location
(Uniform Loading, ZR-Clad)

I
I
I
I
I
I
I
I
I
I
I

MPC Model Decay Heat per Fuel Storage Location
(kW)

MPC-24/24E/24EF < 1.583

MPC-32/32F < 1.1875

MPC-68/68FF < 0.522

I

I

I

I

2.4.2 Regionalized Fuel Loading Decay Heat Limits for ZR-Clad Fuel

The allowable maximum decay heat per fuel storage location for ZR-clad fuel in
- regionalized fuel loading shall be calculated as follows. Fuel loading regions for each MPC

model are shown in Figures 2.1-1 through 2.1-4. The number of fuel storage locations in
each region and the maximum total decay heat per MPC model is provided in Table 2.4-2.

Table 2.4-2

Fuel Storage Regions and Maximum Decay Heat per MPC

Number of Fuel Number of Fuel

MPC Model Storage Locations Storage Locations in Heat per MPC, Q
in Region I Region 2 (kW

(NR89En 1) (NRegoln 2)

MPC-24124E/24EF 4 20 38

MPC-32/32F 12 20 38

MPC-68168FF 32 36 35.5

I

I

I
I
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2.4.2 Regionalized Fuel Loading Decay Heat Limits for ZR-Clad Fuel (conrd)

2.4.2.1 Choose a value of X between I and 6, where X is the ratio of the maximum
decay heat per fuel storage location permitted in Region I (qRqjf a) to the
maximum decay heat per fuel storage location permitted in Region 2 (qpgbn 2)-

2.4.2.2 Calculate q using the following equation:

qR^g,,= (2 x Q)/[(l + X)'5) x (NRg I x X + NRg 2)1 Equation. 2.4.1

Where:

qR0 gi, b2 = Maximum allowable decay heat per fuel storage location in Region 2
(kW)

Q = Maximum allowable heat load for the MPC model from Table 2.4-2 (kW)

X = Ratio of q to qR~i, chosen in Step 2.4.2.1

NR.,g,,,,.I= Number of fuel storage locations in Region 1 from Table 2.4-2

NRgon2 = Number of fuel storage locations in Region 2 from Table 2.4-2

2.4.2.3 Calculate qRqjn I using the following equation:

qRegion IX x qRegin 2  Equation 2.42

Where:

qRegion1 = Maximum allowable decay heat per fuel storage location in Region 1
(kW)

qRegi., = Maximum allowable decay heat per fuel storage location in Region 2
calculated in Step 2.4.2.2 (kW)

X = Ratio of qRegi, to qRegb 2 chosen in Step 2.4.2.1

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

J,�)
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I-
I
I
I
I
I
I
I

\i

2.4.3 Bumup Limits as a Function of Cooling Time for ZR-Clad Fuel

The maximum allowable fuel assembly average bumup varies with the following
parameters:

* Minimum fuel assembly cooling time
* Maximum fuel assembly decay heat
* Minimum fuel assembly average enrichment
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2.4.3 Bumup Limits as a Function of Cooling Time for ZR-Clad Fuel (cont'd) I

The maximum allowable ZR-clad fuel assembly average bumup for a given MINIMUM I
ENRICHMENT is calculated as described below for minimum cooling times between 3 and I
20 years using the maximum permissible decay heat determined in Section 2A.1 or 2A2. I
Different fuel assembly average bumup limits may be calculated for different minimum I
enrichments (by individual fuel assembly) for use in choosing the fuel assemblies to be I
loaded into a given MPC. I

2.4.3.1 Choose a fuel assembly minimum enrichment, Ez. .

2.4.3.2 Calculate the maximum allowable fuel assembly average bumup for a minimum I
cooling time between 3 and 20 years using the equation below. I

Bu (Axq)+(Bxq 2 )+(Cxq 3 )+[Dx(E..1+(ExqxE.)+(Fxq 2 xEMS)+G

Equation 2.4.3 I

Where:

Bu = Maximum allowable average bumup per fuel assembly (MWD/MTU) I

q = Maximum allowable decay heat per fuel storage location determined in I
Section 2.4.1 or 2.4.2 (kW) I

Ezz = Minimum fuel assembly average enrichment (wt. % 'U) I
(e.g., for 4.05 wt.%, use 4.05)

A through G = Coefficients from Tables 2.4-3 and 2.4-4 for the applicable fuel I
assembly array/class and minimum cooling time

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

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

2.4.3.5 Linear interpolation of calculated bumups between cooling times for a given fuel I
assembly maximum decay heat and minimum enrichment is permitted. For
example, the allowable bumup for a cooling time of 4.5 years may be
interpolated between those bumups calculated for 4 year and 5 years. I
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2.4.3 Bumup Limits as a Function of Cooling Time for ZR-Clad Fuel (cont'd) I

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

2.4.4 When complying with the maximum fuel storage location decay heat limits, users must I
account for the decay heat from both the fuel assembly and any NON-FUEL HARDWARE, I
as applicable for the particular fuel storage location, to ensure the decay heat emitted by all I
contents in a storage location does not exceed the limit I
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3.0 DESIGN FEATURES

3.1 Site

3.1.1 Site Location

The HI-STORM 100 Cask System is authorized for general use by 10 CFR
Part 50 license holders at various site locations under the provisions of 10
CFR 72, Subpart K.

3.2 Design Features Important for Criticality Control

32.1 MPC-24

1. Flux trap size: > 1.09 in.

2. ' 0B loading in the neutron absorbers: > 0.0267 glcm2 (Boral) and > 0.0223
g/cm2 (METAMIC)

3.2.2 MPC-68 and MPC-68FF

1. Fuel cell pitch: > 6A3 in.

2. 1'B loading in the neutron absorbers: > 0.0372 glcm2 (Boral) and > 0.0310
glcm

2 (METAMIC)

3.2.3 MPC-68F

1. Fuel cell pitch: > 6.43 in.

2. '0B loading in the Boral neutron absorbers: > 0.01 g/cm2

32.4 MPC-24E and MPC-24EF

1. Flux trap size:

i. Cells 3, 6, 19, and 22: > 0.776 inch

ii. 'All Other Cells: > 1.076 inches

2. 11B loading in the neutron absorbers: > 0.0372 glcrn2 (Boral) and > 0.0310
g/cm2 (METAMIC)

32.5 MPC-32 and MPC-32F

1. Fuel cell pitch: > 9.158 inches

2. 10B loading in ithe neutron absorbers: > 0.0372 g/cm2 (Boral) and > 0.0310
glcm2 (METAMIC)

Certificate of Compliance No. 1014
Appendix B
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DESIGN FEATURES

3.2 Design features Important for Criticality Control (cont'd)

3.2.6 The fuel assemblies shall be positioned in the MPC to ensure that the active fuel I
region of intactfuel assemblies remainswithin the neutron poison region of the MPC
basket with water in the MPC.

3.2.7 The B4C content in METAMIC shall be < 33.0 wt.%.

3.2.8 Neutron Absorber Tests

Section 9.1.5.3 of the HI-STORM 100 FSAR is hereby incorporated by reference I
into the HI-STORM 100 CoC. The minimum '`B for the neutron absorber shall meet I
the minimum requirements for each MPC model specified in Sections 3.2.1 through I
3.2.5 above.

3.3 Codes and Standards

The American Society of Mechanical Engineers Boiler and Pressure Vessel Code (ASME Code),
1995 Edition with Addenda through 1997, is the governing Code for the HI-STORM 100 System,
as clarified in Specification 3.3.1 below, except for Code Sections V and IX. The latest effective I
editions of ASME Code Sections V and IX, including addenda, may be used for activities governed I
by those sections, provided a written reconciliation of the later edition against the 1995 Edition, I
including addenda, is performed by the certificate holder. American Concrete Institute (ACI) 349-85 1
is the governing Code for plain concrete as clarified in Appendix 11.D of the Final Safety Analysis
Report for the HI-STORM 100 Cask System.

3.3.1 Alternatives to Codes. Standards, and Criteria

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

3.3.2 Construction/Fabrication Alternatives to Codes. Standards, and Criteria

Proposed alternatives to the ASME Code, Section III, 1995 Edition with Addenda
through 1997 including modifications to the alternatives allowed by Specification I
3.3.1 may be used on a case-specific basis when authorized by the Director of the I
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

(continued)

DESIGN FEATURES
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3.3.2 Construction/Fabrication Altematives to Codes. Standards, and Criteria (cont'd)

2. Compliance with the specified requirements of the ASME Code, Section 1II,
1995 Edition with Addenda through 1997, would result in hardship or unusual
difficulty without a compensating increase in the level of quality and safety.

Requests for alternatives shall be submitted in accordance with 10 CFR 72.4.

(continued)
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DESIGN FEATURES

Table 3-1 (page 1 of 9)
UST OF ASME CODE ALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement Alternative, Justification & Compensatory Measures
ASME Code

Section/Article

MPC, MPC Subsection NCA General Because the MPC, OVERPACK, and TRANSFER CASK
basket Requirements. are not ASME Code stamped vessels, none of the
assembly, HI- Requires preparation specifications, reports, certificates, or other general
STORM of a Design requirements specified by NCA are required. In lieu of a
OVERPACK Specification, Design Design Specification and Design Report, the HI-STORM
steel Report, Overpressure FSAR includes the design criteria, service conditions, and
structure, and Protection Report, load combinations for the design and operation of the HI-
HI-TRAC Certification of STORM 100 System as well as the results of the stress
TRANSFER Construction Report, 'analyses to demonstrate that applicable Code stress limits
CASK steel Data Report, and. are met Additionally, the fabricator is not required to have
structure other administrative an ASME-certified QA program. All important-to-safety

controls for an ASME activities are governed by the NRC-approved Holtec QA
Code stamped program.
vessel.

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

MPC NB-1100 Statement of MPC endosure vessel is designed and will be fabricated
requirements for in accordance with ASME Code, Section III, Subsection
Code stamping of NB to the maximum practical extent, but Code stamping
components. is not required.

Il
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Table 3-1 (page 2 of 9)
LIST OF ASME CODE ALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement Alternative, Justification & Compensatory Measures
ASME Code

Section/Article

MPC basket NB-1130 NB-1132.2(d) The MPC basket supports (nonpressure-retaining
supports and requires that the first structural attachments)and lift lugs (nonstructural
lift lugs. connecting weld of a attachments (relative to the function of lifting a loaded

nonpressure- MPC) that are used exdusively for lifting an empty MPC)
retaining structural are welded to the inside of the pressure-retaining MPC
attachment to a shell, but are not designed in accordance with
component shall be Subsection NB. The basket supports and associated
considered part of attachment welds are designed to satisfy the stress rimits
the component ' of Subsection NG and the lift tugs and associated
unless the weld is attachment welds are designed to satisfy the stress limits
more than 2t from the of Subsection NF, as a minimum. These attachments'
pressure-retaining and their welds are shown by analysis to meet the
portion of the respective stress limits for their service conditions.
component, where t Ukewise, non-structural items, such as shield plugs,
-is the nominal spacers, etc. if used, can be attached to pressure-
thickness of the retaining parts in the same manner.
pressure-retaining
material.

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

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

I
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Table 3-1 (page 3 of 9)
LIST OF ASME CODE ALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement Alternative, Justification & Compensatory Measures
ASME Code

Section/Article

MPC, MPC NB-3100 Provides These requirements are not applicable. The HI-STORM
basket NG-3100 requirements for FSAR, serving as the Design Specification, establishes
assembly, HI- NF-3100 determining design the service conditions and load combinations for the
STORM loading conditions, storage system.
OVERPACK such as pressure,
and HI-TRAC temperature, and
TRANSFER mechanical loads.
CASK

MPC NB-3350 NB-3352.3 requires, Due to MPC basket-to-shell interface requirements, the
for Category C joints, MPC shell-to-baseplate weld joint design (designated
that the minimum Category C) does not include a reinforcing fillet weld or a
dimensions of the bevel in the MPC baseplate, which makes it different than
welds and throat any of the representative configurations depicted in Figure
thickness shall be as NB-4243-1. The transverse thickness of this weld is equal
shown in Figure NB- to the thickness of the adjoining shell (112 inch). The weld
4243-1. is designed as a full penetration weld that receives VT and

RT or UT, as well as final surface PT examinations.
Because the MPC shell design thickness is considerably
larger than the minimum thickness required by the Code, a
reinforcing filletweld that would intrude into the MPC cavity
space is not included. Not including this fillet weld provides
for a higher quality radiographic examination of the full
penetration weld.

From the standpoint of stress analysis, the fillet weld
serves to reduce the local bending stress (secondary
stress) produced by the gross structural discontinuity
defined by the flat plate/shell junction. In the MPC design,
the shell and baseplate thicknesses are well beyond that
required to meet their respective membrane stress
intensity limits.

Certificate of Compliance No. 1014
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Table 3-1 (page 4 of 9)
UST OF ASME CODE ALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement Alternative, Justification & Compensatory Measures
ASME Code

SectionlArticle

MPC. MPC NB-4120 NB-4121.2, NG- In-shop operations of short duration 'that apply heat to a
Basket NG-4120 4121.2, and NF- component, such as plasma cutting of plate stock, welding,
Assembly, HI- NF-4120 4121.2 provide machining, coating, and pouring of lead are not, unless
STORM requirements for explicitly stated by the Code, defined as heat treatment
OVERPACK repetition of tensile or operations.
steel impact tests for
structure, and material subjected to Forthe steel parts in the HI-STORM 100 System
HI-TRAC heat treatment during components, the duration for which a part exceeds the
TRANSFER fabrication or off-normal temperature limit defined in Chapter 2 of the
CASK steel installation. FSAR shall be limited to 24 hours in a particular:
structure manufacturing process (such as the HI-TRAC lead

pouring process).

MPC, MPC NB-4220 Requires certain' The cylindricity measurements on the rolled shells are not
basket NF-4220 forming tolerances to specifically recorded in the shop travelers, as would be
assembly, HI- be met for cylindrical, the case for a Code-stamped pressure vessel. Rather,
STORM conical, or spherical the requirements on inter-component clearances (such
OVERPACK shells of a vessel. as the MPC-to-TRANSFER CASK) are guaranteed
steel through fixture-controlled manufacturing. The fabrication
structure, and specification and shop procedures ensure that all
HI-TRAC dimensional design objectives, including inter-component
TRANSFER annular clearances are satisfied. The dimensions
CASK steel required to be met in fabrication are chosen to meet the
structure functional requirements of the dry storage components.

Thus, although the post-forming Code cylindricity
requirements are not evaluated for compliance directly,
they are indirectly satisfied (actually exceeded) in the
final manufactured components.

MPC Lid and NB-4243 Full penetration MPC lid and closure ring are not full penetration welds.
Closure Ring welds required for They are welded independently to provide a redundant
Welds Category C Joints seal. Additionally, a weld efficiency factor of 0.45 has

(flat head to main been applied to the analyses of these welds.
shell per N3-3352.3).

I
I

I
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Table 3-1 (page 5 of 9)
LIST OF ASME CODE ALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement Alternative, Justification & Compensatory Measures
ASME Code

Section/Article

MPC Ud to NB-5230 Radiographic (RT) or Only UT or multi-layer liquid penetrant (PT) examination
Shell Weld ultrasonic (UT) is permitted. If PT alone is used, at a minimum, it will

examination required include the root and final weld layers and each
approximately 3/8 inch of weld depth.

MPC Closure NB-5230 Radiographic (RT) or Root (if more than one weld pass is required) and final
Ring, Vent ultrasonic (UT) liquid penetrant examination to be performed in
and Drain examination required accordance with NB-5245. The closure ring provides
Cover Plate independent redundant closure for vent and drain cover
Welds plates.

MPC NB-6111 All completed The MPC enclosure vessel is seal welded in the field following
Enclosure pressure retaining fuel assembly loading. The MPC enclosure vessel shall then
Vessel and systems shall be be pressure tested as defined in Chapter 9. Accessibility for
Ud. pressure tested. leakage inspections preclude a Code compliant pressure testAll MPC enclosure vessel welds (except closure ring and

ventldrain cover plate) are inspected by volumetric
examination, except the MPC lid-to-shell weld shall be verified
by volumetric or multi-layer PT examination. If PT alone is
used, at a minimum, it must include the root and final layers
and each approximately 318 inch of weld depth. For either UT
or PT, the maximum undetectable flaw size must be
demonstrated to be less than the critical flaw size. The critical
flaw size must be determined in accordance with ASME Section
Xl methods. The critical flaw size shall not cause the primary
stress limits of NB-3000 to be exceeded.

The inspection results, including relevant findings (indications),
shall be made a permanent part of the user's records by video,
photographic, or other means which provide an equivalent
retrievable record of weld integrity. The video or photographic
records should be taken during the final interpretation period
described in ASME Section V, Article 6, T-676. The vent/drain
cover plate and the closure ring welds are confirmed by liquid
penetrant examination. The inspection of the weld must be
performed by qualified personnel and shall meet the
acceptance requirements of ASME Code Section IlIl, NB-5350
for PT or NB-5332 for UT.

I

I
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Table 3-1 (page 6 of 9)
LUST OF ASME CODE ALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement Alternative, Justification & Compensatory Measures
ASME Code

Section/Article

MPC N NB-7000 Vessels are required No overpressure protection is provided. The function of
Enclosure to have overpressure the MPC enclosure vessel is to contain the radioactive
Vessel protection contents under normal, off-normal, and accident

conditions. The MPC vessel is designed to withstand
maximum internal pressure considering 100% fuel rod
failure and maximum accident temperatures.

MPC NB-8000 States requirements The HI-STORM100 System isto be marked and
Enclosure for nameplates, identified in accordance with 1 OCFR71 and I OCFR72
Vessel stamping and reports requirements. Code stamping is not required. QA data

per NCA-8000. package to be in accordance with Holtec approved QA
l program.

MPC Basket NG-2000 Requires materials to Materials will be supplied by Holtec-approved supplier
Assembly be supplied by with CMTRs in accordance with NG-2000 requirements.

ASME-approved
material supplier.

Certificate of Compliance No. 1014
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Table 31 (page 7 of 9)
LIST OF ASME CODE ALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement Alternative, Justification & Compensatory Measures
ASME Code

Section/Article

MPC basket NG-4420 NG-4427(a) allows a Modify the Code requirement (intended for core support
assembly fillet weld in any structures) with the following text prepared to accord with the

single continuous geometry and stress analysis imperatives for the fuel basket For
weld to be less than the longitudinal MPC basket fillet welds, the following criteria
the specified fillet apply. 1) The specified fillet weld throat dimension must bemaintained over at least 92 percent of the total weld length. All
weld dimension by regions of undersized weld must be less than 3 inches long and
not more than 1/16 separated from each other by at least 9 inches. 2) Areas of
inch, provided that undercuts and porosity beyond that allowed by the applicable
the total undersize ASME Code shall not exceed 1/2 inch in weld length. The total
portion of the weld length of undercut and porosity over any 1-foot length shall not
does not exceed 10 exceed 2 inches. 3) The total weld length in which items (1) and
percent of the length (2) apply shall not exceed a total of 10 percent of the overall weld
of the weld. Individual length. The limited access of the MPC basket panel longitudinal
undersize weld fillet welds makes it difficult to perform effective repairs of theseportnshall not welds and creates the potential for causing additional damage to
portions the basket assembly (e.g.. to the neutron absorber and Its
exceed 2 inches in sheathing) if repairs are attempted. The acceptance criteria
length. provided in the foregoing have been established to comport with

the objectives of the basket design and preserve the margins
demonstrated in the supporting stress analysis.
From the structural standpoint, the weld acceptance criteria are
established to ensure that any departure from the ideal,
continuous fillet weld seam would not alter the primary bending
stresses on which the design of the fuel baskets is predicated.
Stated differently, the permitted weld discontinuities are limited
in size to ensure that they remain classifiable as local stress
elevators (peak stress, F, in the ASME Code for which
specific stress intensity limits do not apply).

MPC Basket NG-8000 States requirements The HI-STORM100 System is to be marked and
Assembly for nameplates, identified in accordance with 1OCFR71 and IOCFR72

stamping and reports requirements. Code stamping is not required. The MPC
per NCA-8000. basket data package to be in accordance with Holtec

approved QA program.

OVERPACK NF-2000 Requires materials to Materials will be supplied by Holtec-approved supplier
Steel be supplied by with CMTRs in accordance with NF-2000 requirements.
Structure ASME-approved

material supplier.

I
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Table 3-1 (page 8 of 9)
-- LIST OF ASME CODE ALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement Alternative, Justification & Compensatory Measures
ASME Code

SectionlArticle

TRANSFER NF-2000 Requires materials to Materials will be supplied by Holtec-approved supplier
CASK Steel be supplied by with CMTRs in accordance with NF-2000 requirements.
Structure ASME-approved

material supplier.

OVERPACK NF-4441 Requires special The margins of safety in these welds under loads
Baseplate and examinations or experienced during lifting operations or accident
Lid Top Plate requirements for conditions are quite large. The OVERPACK baseplate

welds where a welds to the inner shell, pedestal shell, and radial plates
primary member of are only loaded during lifting conditions and have large
thickness 1 inch or safety factors during lifting. Likewise, the top lid plate to
greater is loaded to lid shell weld has a large structural margin under the
transmit loads in the inertia loads imposed during a non-mechanistic tipover
through thickness event
direction.

OVERPACK NF-3256 Provides Welds for which no structural credit is taken are identified
Steel NF-3266 requirements for as Non-NF welds in the design drawings. These non-
Structure welded joints: structural welds are specified in accordance with the pre-

qualified welds of AWS D1.1. These welds shall be
made by welders and weld procedures qualified in
accordance with AWS D1.1 or ASME Section IX.

Welds for which structural credit is taken in the safety
analyses shall meet the stress limits for NF-3256.2, but
are not required to meet the joint configuration
requirements specified in these Code articles. The
geometry of the joint designs in the cask structures are
based on the fabricability and accessibility of the joint, not
generally contemplated by this Code section governing
supports.

;

.1

.1
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Table 3-1 (page 9 of 9)
LIST OF ASME CODE ALTERNATIVES FOR HI-STORM 100 CASK SYSTEM

Component Reference Code Requirement Altemative, Justification & Compensatory Measures
ASME Code

SectionlArticle

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

defined in the FSAR. Bolted joints in these components
see no shear or torsional loads under normal storage
conditions. Larger clearances between bolts and holes may
be necessary to ensure shear interfaces located elsewhere
in thestructure engage priorto 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 appropriate stress analysis.
Larger bolt-to-hole dearances help ensure more efficient
operations in making these bolted connections, thereby
minimizing time spent by operations personnel in a
radiation area. Additionally, larger bolt-to-hole
clearances allow interchangeability of the lids from one
particular fabricated cask to another.

K)Certificate of Compliance No. 1014
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DESIGN FEATURES (continued)'

3.4 Site-Specific Parameters and Analyses

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

1. The temperature of 800 F is the maximum average yearly temperature.

2. The allowed temperature extremes, averaged over a 3-day period, shall be greater
than -40° F and less than 1250 F.

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

GH + p GV< P

where p is either the Coulomb friction coefficient for the HI-STORM 1 00/ISFSI I
pad interface or the ratio r/h, where 'r' is the radius of the cask and 'h' is the I
height of the cask center-of-gravity above the ISFSI pad surface. The above I
inequality must be met for both definitions of p. Unless demonstrated by I
appropriate testing that a higher coefficient of friction value is appropriate for a I
specific ISFSI, the value used shall be 0.53. Representative values of GH and Gv

- combinations for a coefficient of friction = 0.53 to prevent sliding are provided in I
Table 3-2. If acceleration time-histories on the ISFSI pad surface are available, I
G. and Gv may be the coincident values of the instantaneous net horizontal and I
vertical accelerations. If instantaneous accelerations are used, the inequality shall I
be evaluated at each time step in the acceleration time history over the total I
duration of the seismic event.

Table 3-2

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

Equivalent Vectorial Sum of Two Corresponding Vertical ZPA (Gv in g's)
Horizontal ZPA's (GH in g's)

0.445 0.160

0.424 0.200

0.397 * 0.250

(continued)
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3.4 Site-Specific Parameters and Analyses (continued)

b. For those ISFSI sites with design basis seismic acceleration values higher than
those allowed for free-standing casks, the HI-STORM 100 System shall be
anchored to the ISFSI pad. The site seismic characteristics and the anchorage
system shall meet the following requirements:

i. The site acceleration response spectra at the top of the ISFSI pad
shall have ZPAs that meet the following inequalities:

GH <2.12

AND

Gv <1.5

Where:

GH is the vectorial sum of the two horizontal ZPAs at a three-dimensional
seismic site (orthe horizontal ZPA at a two-dimensional site) and Gv is the
vertical ZPA.

ii. Each HI-STORM 100 dry storage cask shall be anchored with twenty-eight
(28), 2-inch diameter studs and compatible nuts of material suitable for the
expected ISFSI environment The studs shall meet the following
requirements:

Yield Strength at Ambient Temperature: > 80 ksi

Ultimate Strength at Ambient Temperature: > 125 ksi

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

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

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

(continued)

DESIGN FEATURES
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3.4 Site-Specific Parameters and Analyses (continued)

4. The analyzed flood condition of 15 fps water velocity and a height of 125 feet of water
(full submergence of the loaded cask) are not exceeded.

* '5. *''The potential for fire and explosion shall be addressed, based on 'site-specific
considerations. This includes the condition that the on-site transporter fuel tank will
contain no more than 50 gallons of diesel fuel while handling a loaded OVERPACK
or TRANSFER CASK.

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

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

7. In cases where engineered features (i.e., berms and shield walls) are used to ensure
that the requirements of I OCFR72.1 04(a) are met, such features are to be considered
important to safety and must be evaluated to determine the applicable Quality
Assurance Category.

(continued)
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3.4 Site-Specific Parameters and Analyses (continued)

8. LOADING OPERATIONS, TRANSPORT OPERATIONS, and UNLOADING
OPERATIONS shall only be conducted with working area ambient temperatures > 0°
F.

9. For those users whose site-specific design basis includes an event or events (e.g.,
flood) that result in the blockage of any OVERPACK inlet or outlet air ducts for an
extended period of time (i.e, longer than the total Completion Time of LCO 3.1.2), an
analysis or evaluation may be performed to demonstrate adequate heat removal is
available for the duration of the event. Adequate heat removal is defined as fuel
cladding temperatures remaining below the short term temperature limit. If the
analysis or evaluation is not performed, or if fuel cladding temperature limits are
unable to be demonstrated by analysis or evaluation to remain below the short term
temperature limit for the duration of the event, provisions shall be established to
provide alternate means of cooling to accomplish this objective.

(continued)
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3.5 Cask Transfer Facility (CTF)

3.5.1 TRANSFER CASK and MPC Lifters

Lifting of a loaded TRANSFER CASK and MPC using devices that are not integral to
structures governed by 10 CFR Part 50 shall be performed with a CTF that is
designed, operated, fabricated, tested, inspected, and maintained in accordance with
the guidelines of NUREG-0612, Control of Heavy Loads at Nuclear Power Plants'
and the below clarifications. The CTF Structure requirements below do not apply to
-heavy loads bounded by the regulations of 10 CFR Part 50.

3.5.2 CTF Structure Requirements

-3.5.2.1 Cask Transfer Station and Stationary Lifting Devices

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

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

3. The TRANSFER CASK and MPC lifting device used with the CTF
shall be designed, fabricated, operated, tested, inspected and
maintained in accordance with NUREG-0612, Section 5.1.

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

(continued)
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3.5.2.2 Mobile Lift Devices

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

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

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

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

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

(continued)
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Table 3-3

Load Combinations and Service Condition Definitions for the CTF Structure (Note 1):

Load Combination ASME IlIl Service Condition Comment
for Definition of Allowable

'stress,

D* -All primary load bearing
Level A members must satisfy Level A

D+S stress limits

D + M + W' Factor of safety against
(Note 2) overturning shall be > 1.1

D + F Level D

D+E

D +Y _ _ _ _ _ _ _ _

D = Dead load
D* = Apparent dead load
S = Snow and ice load for the CTF site
M = Tornado missile load for the CTF site
W = Tornado wind load for the CTF site
F = Flood load for the CTF site
E = Seismic load for the CTF site
Y = Tsunami load for the CTF site

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

2. Tomado missile load maybe reduced oreliminated based on a PRAforthe CTFsite.
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3.6 Forced Helium Dehydration System

3.6.1 System Description

Use of the Forced Helium Dehydration (FHD) system, (a closed-loop system) is an
altemative tovacuum drying the MPCformoderate bumupfuel (545,000 MWD/MTU)
and mandatoryfordrying MPCs containing one or more high bumup fuel assemblies.
The FHD system shall be designed for normal operation (i.e., excluding startup and
shutdown ramps) in accordance with the criteria in Section 3.6.2.

3.6.2 Design Criteria

3.6.2.1 The temperature of the helium gas in the MPC shall be at least 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. The limit is met if the gas temperature at the demoisturizer outlet is
verified by measurement to remain < 21'F for a period of 30 minutes or if the
dew point of the gas exiting the MPC is verified by measurement to remain
< 22.91F for> 30 minutes.

3.6.2.5 The condensing module shall be designed to de-vaporize the recirculating
helium gas to a dew point < 120 0F.

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

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

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

(continued)
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3.6 Forced Helium Dehydration System (continued)

3.6.3 Fuel Cladding Temperature

A steady-state thermal analysis of the MPC under the forced helium flow scenario
shall be performed using the methodology described in HI-STORM 100 FSAR Section
4.4, 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 forthe applicable fuel
type (PWR or BWR) and cooling time at the start of dry storage.
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1.1-2 2C 1.2-37 2B
1.0-29 2C 1.2-38 2B
1.0-30 2C Fg1.2-39 2B
1.0-31 2B ____1.2-40 2B
1.1-1 2C 1.2-41 2B
1.1-2 2C ____Fig. 1.2.1 _ ___ 1
1.1-3 2A _ __Fig. I.2.IA _____
1.1-4 2A Fig.12.2 1
Fig. 1.1.1 0 Fig. 12.3 2B
Fig. 1.1.1A 1 Fig. 12.4 . 1
Fig. 1.1.2 0 Fig. 12.5 0
Fig. 1.1.3 1 Fig.12.6 0
Fig. 1.1.3A 1 Fig. 12.7_ 1
Fig._1.1.4 ______1 ___ Fig. 1.2.8 I

Fig. 1.1.5 1 Fig. 1.2.8A 1
1.2-1 2B Fig. 12.9 1
1.2-2 2B Fig. 12.10 0
1.2-3 2C Fig. 1.2.11 0
1.2-4 2C Fig. 1.2.12 0
1.2-5 2B Fig. 1.2.16a 0
1.2-6 2B Fig. 1.2.16b 0
1.2-7 2B Fig. 1.2.16c 0
12-8 2B Fig. 1.2.16d 0
1.2-9 2B Fig. 1.2.16e 0
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LIST OF EFFECTIVE PAGES FOR Ill-STORM 100 FSAR PROPOSED REVISION 2C

Page Revision Pae Revision
Fig. 12.16f 0 O
Fig. 1.2.17a 0
Fig. 1.2.17b 0
Fig. 1.2.17c 0 _ _ ;
Fig. 1.2.17d 0
Fig. 1.2.18 1 .
1.3-1 2B
1.4-1 1 _ _ _ _

1.4-2
1.4-3 1
Fig. 1 A.1 0 -:
Fig. 14A2 0 O
1.5-1 1
1.5-2 1
Drawings See Section 1.5
Bills-of-Material See Section 1.5
1.6-1 2C
1.6-2 2C .
1A-I 1
IA-2 .1

IA-4 ,
I.A-5 _____
IA-6 1I
IA-7 1
Fig. IA - 0
Fig. 1 A.2 0
Fig. 1 A-3 0
Fig. 1 A4 0
Fig.-1A5 '0
I .B-1 2B
1.B-2 *2B
1.B-3 2B
1.0-1 1
1.G-3 0
1 .- 4 0
1.D-1 2B
1.D-2 2B
1 .D-3 2C
1.D - 2 0 _ _ _ _ _ _ _ _

1.D-5 2C
1.D-6 2C
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LIST OF EFFECTIVE PAGES FOR r-STORM 100 FSAR PROPOSED REVISION 2C

Page Revision Paqe Revision
2.0-1 2C 2.1-14 2B
2.0-2 2C 2.1-15 2B
2.0-3 2C 2.1-16 2B
2.0-4 2C 2.1-17 2B
2.0-5 2C 2.1-18 2B
2.0-6 2C 2.1-19 2B
2.0-7 2C 2.1-20 2B
2.0-8 2C 2.1-21 2B
2.0-9 2C 2.1-22 2B
2.0-10 2C 2.1-23 2B
2.0-11 2B 2.1-24 2B
2.0-12 2B 2.1-25 2B
2.0-13 2B 2.1-26 2B
2.0-14 2B 2.1-27 2B
2.0-15 2B 2.1-28 2B
2.0-16 2B 2.1-29 2B
2.0-17 2B 2.1-30 2B
2.0-18 2B 2.1-31 2B
2.0-19 2C 2.1-32 2B
2.0-20 2C 2.1-33 2B
2.0-21 2B 2.1-34 2C
2.0-22 2B 2.1-35 2C
2.0-23 2B 2.1-36 2C
2.0-24 2B 2.1-37 2C
2.0-25 2B 2.1-38 2C
2.0-26 2B 2.1-39 2C
2.0-27 _ _ ___ 2C _ 2.1.40 __i _ 2C
2.0-28 2C 2.1-41 2C
2.0-29 2C 2.142 2C
2.0-30 2C 2.1-43 2C
2.0-31 2B 2.1-44 2C
2.0-32 2B 2.1-45 2C
2.0-33 2B 2.1-46 2C
2.0-34 2B 2.1-47 2C
2.0-35 2B 2.1-48 2C
2.0-36 2B 2.1-49 2C
2.0-37 2B 2.1-50 2C
2.0-38 2B 2.1-51 2C
2.1-1 2B 2.1-52 2C
2.1-2 2B 2.1-53 2____ _ 28
2.1-3 2B 2.1-54 2B
2.1-4 2B 2.1-55 2B
2.1-5 2B 2.1-56 2B
Z1-6 2B 2.1-57 2B
2.1-7 2C 2.1-58 2B
2.1-8 2C 2.1-59 2B
2.1-9 2C 2.1-60 2B
2.1-10 2C 2.1-61 2B
2.1-11 2B 2.1-62 2B

2.1-12 2B 2.1-63 2B
2.1-13 2B 2.1-64 28
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LIST OF EFFECTIV PAGES FOR HI-STORM 100 FSAR PROPOSED REVISION 2C

Page - Revision| _p__e____ | Revision
2.1-65 2B - 2.2-36 2B
2.1-66 2B 2.2-37 2B
2.1-67 2B 2.2-38 2B
2.1-68 2B 2.2-39 2B
2.1-69 2B 2.2-40 2B
2.1-70 2B 12.2-41 2B
Fia. 2.1.1 II .2-42 I I
Fig. 2.1.2 1 _ 2.2-43 2C
Fig. 2.1 .2A _ 2.2-44 2C
Fig. 2.1.2B 1 2.2-45 2C
Fig. 2.1.2C 1 2.2-46 2C
Fig. 2.1.2D 2B 2.2-47 2B
Fig. 2.1.3 0 22-48 2B
Fig. 2.1.4 0 22-49 2B
Fig. 2.1.5 0 22-50 2B
Fig. 2.1.9 2A 22-51 2B
22-1 2C 22-52 2B
22-2 2C 22-53 2B
22-3 2C 2.2-54 2B
22-4 2C 2.2-55 2B
22-5 20 2.2-56 2B
22-6 2C 2.2-57 2B
22-7 2C 2.3-1 2C
2.2-8 2C0 2.3-2 2C
22-9 2C 2.3-3 2C
2.2-10 2C0 2.3-4 2C
22-11 2B 2.3-5 2C

22-12 2B 2.3-6 2C
22-13 2B 2.3-7 2B
22-14 2B 2.3-8 2B
22-15 2B 2.3-9 2B
22-16 2B 2.3-10 2B
22-17 2B 2.3-11 2B
22-18 2B 2.3-12 2B
22-19 28 2.3-13 2B
2.2-20 2B 2.3-14 2B
22-21 2C 2.3-15 2B
22-22 2C 2.3-16 2B
22-23 2B 2.3-17 2B
2.2-24 2B 2.3-18 2B
22-25 2B 2.3-19 2B
22-26 2B 2.3-20 2B
22-27 2B 2.3-21 2B
22-28 2B 2.3-22 2B
2.2-29 2B 2.3-23 2B
22-30 2B Fig. 2.3.1 0
22-31 2B Fig. 2.32 0
22-32 2B Fig. 2.3.3 0
22-33 2B ; Fig. 2.3.4 0
22-34 2B
2.2-35 2B
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.. LIST OF EFFECTIVE PAGES FOR rI-STORM 100 FSAR PROPOSED REVISION 2C

Paqe Revison Page Revision
2.4-1 2A ___

2.4-2 2A
2.4-3 2A _ =
2.5-1 0
2.6-1 2C
2.6-2 2C
2.6-3 2C
2A -1 _ _ _ _ _ _ _ _ _ _ _ _

2A-2 1
2A-3 I __

2A-4 1
2A-5 I =
Fig. 2A1 I
2.B-1 2B
2.B-2 2B
2B-3 2B
2.B-4 2B
Fig. 2.B.1 1 I
2.C-1 2C
2.G-2 2C _ _ _ _ _ __ _ _ _

Fig. 2.C.1 2C

I I I I
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LIST OF EFFECTIVE PAGES FOR:HI-STORM 100 FSAR PROPOSED REVISION 2C

Page Revision Pae Revisio
3.0-1 2B 3.1-43 2B
3.0-2 2B Fig.3.1.1 -_1
3.0-3 2B Fig.3.1.2 .1
3.0-4 2B Fig. 3.1.3 _ _ 1

3.0-5 2B 3.2-1 I
3.0-6 2B 3.2-2 1
3.0-7 2B 3.2-3 1
3.0-8 2B 3.2-4 1
3.0-9 2B 3.2-5 _ 1
3.0-10 2B 3.2-6 1
3.1-1 2B 32-7 1
3.1-2 2B 3.2-8 -I1
3.1-3 2B 3.2-9 1
3.1-4 2B 3_2-10 1
3.1-5 2B 3.2-11 1
3.1-6 - 2B 3.2-12 1
3.1-7 2B 3.3-1 1
3.1-8 2B 3.3-2 1
3.1-9 2B 3.3-3 .:1
3.1-10 2B 3.3-4 1
3.1-11 2B 3.3-5 1
3.1-12 2B 3.3-6 1
3.1-13 2B 3.3-7 1
3.1-14 2B 3.3-8 1
3.1-15 2B 3.3-9 1
3.1-16 2B 3.3-10 Deleted
3.1-17 2B 3.4-1 2B
3.1-18 2B 3.4-2 2B
3.1-19 2B 3.4-3 2B
3.1-20 2B 3.4-4 2B
3.1-21 2B ____3.4-5 2B
3.1-22 2B 3.4-6 2B
3.1-23 2B 3.4-7 2B
3.1-24 2B ____3.4-8 2B
3.1-25 2B 3.4-9 2B
3.1-26 2B 3.4-10 2B
3.1-27 2B 3.4-11 2B
3.1-28 2B 3.4-12 2B
3.1-29 2B 3.4-13 2B
3.1-30 -2B 3.4-14 2B
3.1-31 2B 3.4-15 2B
3.1-32 -2B 3.4-16 2B
3.1-33 '2B 3.4-17 2B
3.1-34 2B 3.4-18 2B
3.1-35 2B 3.4-19 2B
3.1-36 ;2B 3.4-20 2B
3.1-37 28 3.4-21 2B
3.1-38 2B 3.4-22 2B
3.1-39 2B 3.4-23 2B

3.-72B 3.-12BI

3.1-40 28 3.4-24 2B
3.1-41 2B 3.4-25 2B
3.1-42 2B 3.4-26 2B
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LIST OF EFFECTIVE PAGES FOR HI-STORM 100 FSAR PROPOSED REVISION 2C ..

P~aq Revisionayg Revision
3.4-27 2B 3.4-79 2B
3.4-28 2B 3.4-80 2B
3.4-29 2B 3.4-81 2B
3.4-30 2B 3.4-82 2B

.4-31 2B 3.4-83 2B
3.4-32 2B 3.4-84 2B

3.4-33 2B 3.4-85 2B
3.4-34 2B 3.4-86 2B
3.4-35 2B 3.4-87 2B
3.4-36 2B 3.4-88 2B
3.4-37 2B 3.4-89 2B
3.4-38 2B 3.4-90 2B
3.4-39 2B 3.4-91 2B
3.4-40 2B 3.4-92 2B
3.4-41 2B 3.4-93 2B
3.4-42 2B 3.4-94 2B
3.4-43 2B 3.4-95 2B
3.4-44 2B 3.4-96 2B
3.445 2B 3.4-97 2B
3.4-46 2B 3.4-98 2B
3.4-47 2B 3.4-99 2B

3.4-48 2B 3.4-100 2B

3.4-49 2B 3.4-101 2B

3.4-50 2B 3.4-102 2B

3.4-51 2B 3.4-103 2B

3.4-52 2B 3.4-104 2B

3.4-53 2B 3.4-105 2B

3.4-54 2B 3.4-106 2B
3.4-55 2B 3.4-107 2B
3.4-56 2B 3.4-108 2B
3.4-57 2B 3.4-109 2B

3.4-58 2B 3.4-110 2B

3.4-59 2B 3.4-111 2B
3.4-60 2B 3.4-112 2B

3.4-61 2B 3.4-113 2B

3.4-62 2B 3.4-114 2B
3.4-63 . 2B 3.4-115 2B

3.4-64 2B 3.4-116 2B
3.4-65 2B 3.4-117 2B
3.4-66 2B 3.4-118 2B

3.4-67 2B 3.4-119 2B
3.4-68 2B 3.4-120 2B

3.4-69 2B 3.4-121 2B
3.4-70 2B 3.4-122 2B
3.4-71 2B 3.4-123 2B

3.4-72 2B 3.4-124 2B
3.4-73 2B 3.4-125 2B
3.4-74 2B 3.4-126 2B

3.4-75 2B . Fig. 3.4.1 0
3.4-76 2B Fig. 3.4.2 1

3.4-77 2B Fig. 3.4.3 0
3.4-78 2B

PAGE 8 of 33



I - :

LIST OF EFFECTIVE PAGES FOR HI-STORM 100 FSAR PROPOSED REVISION 2C . . . ..-

Pazge Revision Paqe Revisior
Fig. 3.4A : C 3.54 a
Fig. 3A.5 I . 3.5-5 -0
Fig. 3.4.6 0 3.5-6 a
Fig. 3.4.7 0 3.5-7 0
Fig. 3A.8 a 0. 3.5-8 (3
Fig. 3.4.9 0 3.5-9 0
Fig. 3.4.10 1 3.5-10 a
Fig. 3A.11 0 3.5-11 a
Fig. 3A.12 0 3.5-12 0
Fig.3.4.13 0 3.5-13 a
Fig. 3A.14 'a0 3.5-14 0
Fig. 3A.15 a 0 3.5-15 0
Fig. 3A.16 0 3.5-16 ; a
Fig. 3A.16a 0 3.5-17 .0
Fig. 3A.16b 0 3.5-18 a.0
Fig. 3A.17 0- 3.5-19 - 0
Fig. 3.4.18 0 Fig. 3.5.1 .0
Fig. 3.4.19 Fig. 3.52 a
Fig. 3.4.20 0 Fig. 3.5.3 0
Fig. 3A.21 0 Fig. 3.5A ;
Fig. 3A.22 - 0 Fig. 3.5.5 0
Fig. 3A.23 0 Fig. 3.5.6 0
Fig. 3.424 0 Fig. 3.5.7 0
Fig. 3.425 -0 Fig. 3.5.8 '0
Fig. 3.426 a Fig. 3.5.9 0
Fig. 3.4.27 0 3.6-1 2A
Fig. 3.428 0 3.6-2 2A
Fig. 3A.29 *0 3.6-3 2A
Fig. 3A.30 -1 3.6-4 2A
Fig. 3A.31 -1 3.6-5 2A
Fig. 3.4.32 1.' 3.6-6 2A
Fig. 3A.33 1 3.6-7 2A
Fig. 3A.34 1 3.6-8 2A
Fig. 3A.35 1 3.6-9 - 2A
Fig. 3.4.36 1 3.7-1 2A
Fig. 3A.37 _1 3.7-2 2A
Fig. 3A.38 . 1 3.7-3 . 2A
Fig: 3A.39 1 3.7-4 2A
Fig. 3A..40 1 3.7-5 -2A
Fig. 3A.41 1 3.7-6 2A
Fig. 3A.42 -1 3.7-7 2A
Fig. 3.4.43 -1_ 3.7-8 2A
Fig. 3A.44 - -___1 - 3.7-9 2A
Fig. 3.4A5 I 3.7-10 -2A
Fig. 3.4.46 1 . _1 3.8-1 1
Fig. 3AA7 1 3.8-2 1
Fig. 3.4-48 1 3A-1
Fig. 3.4-49 ;1 3A-2 1
3.5-1 - a 0 3A-3
3.5-2 a. 3.A-4
3.5-3 a0 _ _. 3A-5
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LIST OF EFFECTIVE PAGES FOR I-STORM 100 FSAR PROPOSED REVISION 2C

Pagq Revision _Page Revision
3A-6 1 3.B-24 Deleted
3A-7 1 3.B-25 Deleted
3A-8 1 3.B-26 Deleted
3A-9 1 3.B-27 Deleted
3A-10 1 3.B-28 Deleted
3A-11 1 3.B-29 Deleted
3A-12 1 3.B-30 Deleted
3A-13 1 3.B-31 Deleted
3A-14 I 3.B-32 Deleted
3A-15 1 3.B-33 Deleted
Fig. 3A1 0 3.B-34 Deleted
Fig. 3A2 0 3.B-35 Deleted
Fig. 3A3 0 _ 3.B-36 Deleted
Fig. 3A4 0 3.B-37 Deleted
Fig. 3A5 0 3.B-38 Deleted
Fig. 3A6 0 3.B-39 Deleted
Fig. 3A7 0 3.B-40 Deleted
Fig. 3A8 0 3.B.41 Deleted
Fig. 3A9 0 _ 3.-42 Deleted
Fig. 3A10 0 3.B143 Deleted
Fig. 3A11 0 3.3-44 Deleted
Fig. 3A12 0 3.B-45 Deleted
Fig; 3A13 0 3.B-46 Deleted
Fig. 3A14 0 3.B147 Deleted
Fig. 3A15 0 3.B-48 Deleted
Fig. 3A16 0 3.B-49 Deleted
Fig., 3A17 0 3.1-50 Deleted
Fig. 3A18 0 F3.6-51- Deleted
3.6-1 Deleted 3.1352 Deleted
3.1-2 Deleted 3.B-53 Deleted
3.B-3 Deleted 3.1-54 Deleted
3.64 Deleted 3.B-55 Deleted
3.6-5 Deleted 3.B-56 Deleted
3.B-6 Deleted 3.1.57 Deleted
3.6-7 Deleted 3.3-58 Deleted
3.6-8 Deleted 3.6-59 Deleted
3.6-9 Deleted 3.B-60 Deleted
3.6-10 Deleted _ 3.B-61 Deleted
3.6-11 Deleted 3.B-62 Deleted
3.6-12 Deleted 3.C-1 Deleted
3.6-13 Deleted 3.C-2 Deleted
3.6-14 Deleted 3.C-3 Deleted
3.6-15 Deleted 3.C-4 Deleted
3.6-16 Deleted 3.-5 -Deleted
3.6-17 Deleted 3.C-6 Deleted
3.6-18 Deleted 3.G-7 Deleted
3.6-19 Deleted 3.C-8 Deleted
3.6-20 Deleted Fig. 3.C.1 Deleted
3.6-21 Deleted Fig. 3.C.2 Deleted
3.6-22 Deleted Fig. 3.C.3 Deleted
3.6-23 Deleted 3.1D-1 Deleted

3.D-2 Deleted
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-. LIST OF EFFECTIVE PAGES FOR rn-STORM 100 FSAR PROPOSED REVISION 2C

Pa e Revision Page Revision
3.D-3 Deleted 3.G-8 Deleted
3.D-4 Deleted 3.G-9 Deleted
3.1D-5 Deleted 3.G-10 Deleted
3.1-76 Deleted 3.G-12 Deleted
3.D1-7 Deleted _ 3.G-12 Deleted
3.1D-9 Deleted __ Fg.3.G-13 Deleted
3.D9-1 Deleted Fig. 3.G.2 Deleted
3.D-10 Deleted Fig. 3.G.2 Deleted
3.D-1I Deleted Fig. 3.G.3 Deleted
3.D-12 Deleted Fig. 3.G.4 Deleted
3.D-13 Deleted Fig. 3.G.5 Deleted
3.D-14 Deleted 3.H-2 Deleted
h.3.D-1 Deleted 3.H-2 Deleted
Fig. 3.D.a Deleted 3.H-3 Deleted
Fig. 3.D.2a Deleted 3.H-4 Deleted
Fig. 3.D2b Deleted 3.H-5 Deleted
Fig. 3.D.2c Deleted 3.H-6 Deleted
Fig. 3.D.3 Deleted 3.H-7 --Deleted
Fig. 3.D.4a Deleted Fig. 3.H.1 Deleted
Fig. 3.D.4b Deleted
Fig.3.D.5a Deleted 3.1-2 -Deleted
Fig. 3.D.5b Deleted 3.13 Deleted
Fig. 3.D.5b Deleted 3.15 Deleted

3.E-1 Deleted 3.1-5 Deleted
3.E-2 Deleted 3.1-6 Deleted

E-3_ Deleted _ _3.17 8Deleted
3.E-4 Deleted 3.1-9 Deleted
3.E-5 Deleted 3.1-10 Deleted
3.E__ Deleted .3.1-10 Deleted
3.E-7 Deleted Fig. 3.1.1 Deleted
3.E7 Deleted Appendix 3.J Deleted
3.E-9 Deleted 3.K-2 Deleted
3.E-1 Deleted 3.K-2 Deleted

3.E.1 Deleted 3.K-3 Deleted

Fig.3.E2 Deleted 3.K-5 Deleted
Fi. 3.E Deee.- eee3.F-1 Deleted 3.K-67 Deleted

3.F-2 Deleted 3.L-7 Deleted
3.F-3 Deleted 3.L-2 Deleted

3.1 _ _ _ _Deleted 3-2 _Deleted

3.F-4 Deleted 3.L-3 Deleted
Fg.3.F.1 Deleted 3.L-4 Deleted
Fig.3.F2 Deleted 3.L-5 Deleted
hg.3.F.3 Deleted 3.L-6 Deleted
Fig._3.FA_ Deleted 3.L-7 Deleted
3.G_1 Deleted 3.L-8 Deleted
3.G_2 Deleted 3.L-9 Deleted
3.G_3 Deleted 31-10 Deleted

3.G-4 Deleted 3.-1 1 Deleted
3.G-5 Deleted 3.L-12 Deleted
3.G-6 Deleted 3.L-1 3 Deleted
3.G-7 Deleted 3.M-1 Deleted
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LIST OF EFFECTIVE PAGES FOR r-STORM 100 FSAR PROPOSED REVISION 2C.

Pane Revision Page Revision
3.M-2 Deleted 3.W-6 Deleted
3.M-3 Deleted 3.W-7 Deleted
3.M-4 Deleted 3.W-8 Deleted
3.M-5 Deleted 3.W-9 Deleted
3.M-6 Deleted 3.W-10 Deleted
3.M-7 Deleted Fig. 3.W.1 Deleted
3.M-8 Deleted 3.X-1 Deleted
3.M-9 Deleted 3X-2 Deleted
3.M-10 Deleted 3.X-3 Deleted
3.M-1 I Deleted 3X-4 Deleted
3.M-12 Deleted 3.X-5 Deleted
3.M-13 Deleted 3.X-6 Deleted
3.M-14 Deleted 3X-7 Deleted
3.M-15 Deleted 3.X-8 Deleted
3.M-16 _ Deleted 3.X-9 Deleted
3.M-17 Deleted 3X-10 Deleted
3.M-18 Deleted Fig. 3.X.1 Deleted
3.M-19 Deleted Fig. 3X2 Deleted
Appendix 3.N Deleted in Rev 1 Fig. 3X3 Deleted
Appendix 3.0 Deleted in Rev 1 Fig. 3X4 Deleted
Appendix 3.P Deleted in Rev 1 Fig. 3X5 Deleted
Appendix 3.Q Deleted in Rev 1 3.Y-1 Deleted
Appendix 3.R Deleted in Rev 1 3.Y-2 Deleted
Appendix 3.S Deleted in Rev 1 3.Y-3 Deleted
Appendix 3.T Deleted in Rev 1 3.Y-4 Deleted
3.U-1 Deleted 3.Y-5 Deleted
3.U-2 ____ _ Deleted _ 3.Y-6 Deleted
3.U-3 Deleted 3.Y-7- Deleted
3.U4 Deleted 3.Y-8 Deleted
3.U-5 Deleted 3.Y-9 Deleted
3.U-6 Deleted 3.Y-10 Deleted
3.U-7 Deleted 3.Y-1 1 Deleted
3.U-8 Deleted 3.Y-12 Deleted
3.U-9 Deleted 3.Y-1 3 Deleted
3.U-1 0 Deleted 3.Y-14 Deleted
Fig. 3.U.1 Deleted 3.Y-15 Deleted
3.V-1 Deleted 3.Y-16 Deleted
3.V-2 Deleted 3.Y-17 Deleted
3.V-3 Deleted 3.Y-18 Deleted
3.V-4 Deleted 3.Y-19 Deleted
3.V-5 Deleted 3.Y-20 Deleted
3.V-6 Deleted Fig. 3.Y.1 Deleted
3.V-7 Deleted Fig. 3.Y.2 Deleted
3.V-8 Deleted 3.Z-1 Deleted
3.V-9 Deleted 3.Z-2 Deleted
3.V-10 Deleted 3.Z-3 Deleted
Fig. 3.V.1 Deleted 3.Z-4 Deleted
3.W-1 Deleted 3.Z-5 Deleted
3.W-2 Deleted 3.Z-6 Deleted
3.W-3 Deleted 3.Z-7 Deleted
3.W-4 Deleted 3.Z-8 Deleted
3.W-5 Deleted 3.Z-9 Deleted
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LIST OF EFECTIVE PAGES FOR I-STORM 100 FSAR PROPOSED REVISION 2C

Page Revision | e Revision
32-10 Deleted 3AD-2| Deleted
32-11 Deleted 3|AD-3 Deleted
3Z-12 Deleted 3AD-4 Deleted
Fig. 3Z1 Deleted 3AD-5 Deleted
Fig. 32.2 Deleted 3AD-6 Deleted
Fig. 3.Z3 Deleted 3AD-7 Deleted
Fig. 32.4 Deleted. 3AD-8 Deleted
Fig. 32.5 Deleted 3AD-9 Deleted
Fig. 3Z6 Deleted 3AD-10 Deleted
3AA-1 Deleted 3AD-1 I Deleted
3AA-2. Deleted 3AD-12 Deleted
3AA-3 Deleted 3AD-13 Deleted
3AA-4 Deleted 3AD-14 Deleted
3AA-5 Deleted 3AD-15 Deleted
3AA-6 Deleted 3AD-1 6 Deleted
3AA-7 Deleted 3AD-17 Deleted
3.AA-8 Deleted 3AD-18 Deleted
Fig. 3.AA.1 Deleted 3AD-19 Deleted
Fig. 3AX2 Deleted Fig. 3.AD.1 Deleted
Fig. 3AA.3 Deleted Fig. 3AD.2 Deleted
Fig. 3.AA4 Deleted Fig. 3-AD.3 Deleted
Fig. 3.AA.5 Deleted 3.AE-1 Deleted
Fig. 3AA6 Deleted 3AE-2 Deleted
Fig. 3AA.7 Deleted 3AE-3 Deleted
Fig. 3AA.8 Deleted 3.AE-4 Deleted
3AB-1 Deleted 3AE-5 Deleted
3AB-2 Deleted 3AE-6 Deleted
3AB-3 Deleted 3AE-7 Deleted
3AB-4 Deleted Fig. 3AE.1 Deleted
3AB-5 - Deleted Fig. 3AE.1b Deleted in Rev. I
3AB-6 Deleted Fig. 3AE.1 c Deleted in Rev. I
3AB-7 Deleted Fig. 3-AE.2 Deleted
3AB-8 Deleted Fig. 3-AE.3 Deleted
3AB-9 Deleted Fig. 3AE.4 Deleted in Rev. I
3AB-10 Deleted 3AF-1 Deleted
3AB-1 1 Deleted 3AF-2 Deleted
3.AB-12. Deleted 3.AF-3 . Deleted
3-AB-13 Deleted 3AF-4 Deleted
3AB-14 Deleted 3AF-5 Deleted
3AG-1 Deleted 3AF-6 Deleted
3AC-2 Deleted 3AF-7 Deleted
3AG-3 Deleted 3AF-8 Deleted
3AC-4 Deleted 3AG-1 Deleted
3AG-5 Deleted 3AG-2 Deleted
3AC-6 Deleted 3AG-3 Deleted
3AC-7 Deleted 3AG-4 Deleted
3AC-8 Deleted 3AG-5 Deleted
3AC-9 Deleted 3.AG-6 Deleted
3AC-1O Deleted 3AG-7 Deleted
3.AC-1 I Deleted 3.AG-8 Deleted
3AC-12 Deleted 3.AG-9 Deleted
3.AD-1 Deleted 3AG-10 Deleted
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LIST OF EFFECTIVE PAGES FOR II-STORM 100 FSAR PROPOSED REVISION 2C .. .

Pane Revision Pane - Revision
3AG-1 1 Deleted 3AJ-5 Deleted
3AG-12 Deleted 3AJ-6 Deleted
3AG-13 Deleted 3AJ-7 Deleted
3AG-14 Deleted 3.AJ-8 Deleted
3AG-15 Deleted 3AJ-9 Deleted
3AG-16 Deleted 3AJ-10 Deleted
3AG-17 Deleted 3AJ11 Deleted
3-AG-18 Deleted 3A-12 Deleted
3AG-1 9 Deleted 3A-13 Deleted
3AG-20 Deleted 3AJ14 Deleted
3AG-21. Deleted 3AJ-15 Deleted
3AG-22 Deleted 3A1-16 Deleted
3AG-23 Deleted 3AJ-17 Deleted
3AG-24 Deleted 3AJ-18 Deleted
3AH-1 Deleted 3AJ-19 Deleted
3AH-2 Deleted Fig. 3AJ.1 Deleted
3AH-3 Deleted Fig. 3AJ.2 Deleted
3AH-4 Deleted Fig. 3.AJ.3 Deleted
3AH-5 Deleted 3.AK-1 Deleted
3AH-6 Deleted 3.AK-2. Deleted
3AH-7 Deleted _ 3.AK-3 Deleted
3AH-8l- Deleted 3.AK-4 Deleted
3AH-9 Deleted 3.AK-5 Deleted
3AI-1 Deleted 3.AK-6 Deleted
3AI-2 Deleted 3.AK-7 Deleted
3A1-3 Deleted 3AK-8 Deleted
3A1-4 _______ Deleted 3.AK-9 Deleted
3AI-5 Deleted 3.AK-10 Deleted
3A1.6 Deleted 3AK-1 1 Deleted
3AI-7 Deleted 3fAK-12 Deleted
3AI-8 Deleted 3.AK-13 Deleted
3AI-9 Deleted 3.AK-14 Deleted
3AI-10 Deleted 3.AK-15 Deleted
3AI-1 1 Deleted . 3.AK-1 6 Deleted
3.A-12 Deleted 3AK-17 Deleted
3AI-13 Deleted 3.AK-1 8 Deleted
3AI-14 Deleted 3.AL-1 Deleted
3AI-1 5 Deleted 3.AL-2 Deleted
3AI-16 Deleted' 3.AL-3 Deleted
3AI-17 Deleted 3.AL-4 Deleted
3AI-1 8 Deleted 3AL-5 Deleted
3AI-1 9 Deleted 3.AL-65 Deleted
Fig. 3.AI.1 Deleted 3.AL.-7 Deleted
Fig. 3A1.2 Deleted 3.AL-8 Deleted
Fig. 3AI.3 Deleted 3.AL-9 Deleted
Fig. 3AI.2 Deleted 3AL-10 Deleted
Fig. 3.AL3 Deleted 3.AM-1 Deleted
Fig. 3AI.6 Deleted 3.AM-2 Deleted
3AJ-1 Deleted 3.AM-3 Deleted
3AJ-2 Deleted 3AM-4 Deleted
3AJ-3 Deleted 3AM-5 Deleted
3AJ-4 Deleted 3.AM-6 Deleted
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Page Revision Paqe - Revision
3AM-7 Deleted Fig. 3AN.15 Deleted
3AM-8 Deleted Fig. 3-AN.16 Deleted
3AM-9 Deleted Fig. 3.AN.17 Deleted
3AM-10 Deleted Fig. 3.AN.1 8 Deleted
3AM-11I Deleted Fig. 3AN.1 9 Deleted
3AM-12 Deleted Fig. 3.AN.20 Deleted
3.AM-13 Deleted Fig. 3.AN.21 Deleted
3AM-14 Deleted Fig. 3AN.22 Deleted
3AM-15 Deleted Fig. 3.AN.23 Deleted
3AM-16 Deleted Fig. 3.AN.24 Deleted
3-AM-17 Deleted Fig. 3AN25 Deleted
3AM-18 Deleted Fig. 3AN26 Deleted
3AM-19 Deleted Fig. 3.AN.27 Deleted
3AM-20 Deleted Fig. 3.AN.28 Deleted
3AM-21 Deleted. Fig. 3.AN.29 Deleted
3AM-22 Deleted Fig. 3.AN.30 Deleted
3.AM-23 Deleted 3A0-1 Deleted
3AM-24 Deleted 3.AP-1 Deleted
3.AM-25 Deleted 3.AQ-1 Deleted
3AM-26 Deleted' 3AQ-2 Deleted
3AM-27 Deleted 3AQ-3 Deleted
3AM-28 Deleted 3.AQ-4 Deleted
3AM-29 Deleted 3AQ-5 Deleted
3AM-30 Deleted 3A0-6 Deleted
3AN-1 Deleted 3AQ-7 Deleted
3AN-2 Deleted 3AQ-8 Deleted
3.AN-3 Deleted _ 3AQ-9 Deleted
3.AN4 Deleted 3AQ-10 Deleted
3.AN-5 Deleted 3-AR-1 Deleted
3AN-6 Deleted 3AR-2 Deleted
3.AN-7 Deleted 3AR-3 Deleted
3AN-8 Deleted 3AR-4 Deleted
3AN-9 Deleted 3.AR-5 Deleted
3.AN-10 Deleted 3AR-6 Deleted
3AN-il Deleted 3.AR-7 Deleted
3AN-12 Deleted 3AR-8 Deleted
3AN-13 Deleted 3AR-9 Deleted
3AN-14 Deleted 3AR-10 Deleted
Fig. 3.AN.1 Deleted 3.AR-1 1 Deleted
Fig. 3.AN.2 ___ Deleted 3AS-1 Deleted
Fig. 3AN.3 Deleted 3AS-2 Deleted
Fig. 3AN.4 Deleted 3AS-3 Deleted
Fig. 3AN.5 Deleted 3AS-4 Deleted
Fig. 3.AN.6 Deleted 3AS-5 Deleted
Fig. 3AN.7 Deleted 3AS-6 Deleted
Fig.' 3-AN.8 Deleted 3AS-7 Deleted
Fig. 3AN.9 Deleted 3AS-8 Deleted
Fig. 3AN.10 Deleted 3AS-9 Deleted
Fig. 3AN.1 1 Deleted |3AS-O1 Deleted
Fig. 3.AN.12 Deleted 3AS-11 Deleted
Fig. 3AN.13 Deleted 3AS-12 Deleted
Fig. 3AN.14 Deleted 3AS-13 Deleted
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LIST OF EFFECTIVE PAGES FOR IHI-STORM. 100 FSAR PROPOSED REVISION 2C -

Page Revision Page Revision
4.0-1 2C 4.3-23 Deleted
4.0-2 2C Fig. 4.3.1, Deleted
4.0-3 2C Fig. 4.32 Deleted
4.0-4 2C Fig. 4.3.3 Deleted
4.0-5 2C Fig. 4.3.4 Deleted
Fig. 4.0.1 2A 4.4-1 2C
Fig. 4.0.2 2B 4.4-2 2C
Fig. 4.0.3 2B 4.4-3 2C
4.1-1 2C 4.4-4 2C
4.1-2 2C 4.4-5 2C
4.1-3 2C 4.4-6 2C
4.1-4 2C 4.4-7 2C
4.1-5 2C 4.4-8 2C
4.1-6 2C 4.4-9 2C
4.1-7 Deleted 4.4-10 2C
42-1 2B 4.4-11 2C
4.2-2 2B 4.4-12 2C
42-3 2B 4.4-13 2C
42-4 2B 4.4-14 2C
42-5 2B 4.4-15 2C
42-6 2B 4.4-16 2C
42-7 2B 4.4-17 2C
4.2-8 2B 4.4-18 2C
4.2-9 2B 4.4-19 2C
4.2-10 2B 4.4-20 2C
42-11 2B 4.4-21 2C
4.2-12 ___ 2B 4.4-22 2C
Fig. 42.1 Deleted 4.4-23 2C
Fig. 4.22 Deleted 4.4-24 2C
Fig. 42.3 2B 4.4-25 2C
4.3-1 2C 4.4-26 2C
4.3-2 2C 4.4-27 2C
4.3-3 2C 4.4-28 2C
4.3-4 2C 4.4-29 2C
4.3-5' Deleted 4.4-30 2C
4.3-6 Deleted 4.4-31 2C
4.3-7 Deleted 4.4-32 2C
4.3-8 Deleted 4.4-33 2C
4.3-9 Deleted 4.4-34 2C
4.3-10 _ Deleted 4.4-35 2C
4.3-11 Deleted 4.4-36 2C
4.3-12 Deleted 4.4-37 2C
4.3-13 Deleted 4.4-38 2C
4.3-14 Deleted 4.4-39 2C
4.3-15 Deleted 4.4-40 2C
4.3-16 Deleted 4.4-41 2C
4.3-17 Deleted 4.4-42 2C
4.3-18 Deleted 4.4-43 2C
4.3-19. Deleted 4.4-44 2C
4.3-20 Deleted 4.4-45 2C
4.3-21 Deleted 4.4-46 2C
4.3-22 Deleted 4.4-47 2C
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-.. . LIST OF .EFFECTIVE PAGES FOR HI-STORM 100 FSAR PROPOSED REVISION 2C.......

Page Revision ___e Revision
4.4-48 2C Fig. 4.4.31 2B
4.4-49 2C Fig. 4.4.32 2B
4.4-50 2C Fig. 4.4.33 2B
4.4-51 Deleted Fig. 4.4.34 2B
4:4-52 Deleted Fig. 4.4.35 2B
4.4-53 Deleted 4.5-1 2C
4.4-54 Deleted 4.5-2 2C
4.4-55 Deleted 4.5-3 2C
4.4-56 Deleted 4.5-4 2C
4.4-57 Deleted 4.5-5 2C
4.4-58 Deleted 4.5-6 2C
4.4-59 Deleted 4.5-7 2C
4.4-60 Deleted 4.5-8 2C
4.4-61 Deleted 4.5-9 2C
4.4-62 Deleted 4.5-10 2C
4.4-63 Deleted 4.5-11 2C
4.4-64 Deleted 4.5-12 2C
4.4-65 Deleted 4.5-13 2C
4.4-66 Deleted 4.5-14 2C
4.4-67 Deleted 4.5-15 2C
4.4-68 Deleted 4.5-16 2C
Fig. 4.4.1 0 4.5-17 2C
Fig. 4.42 0 4.5-18 2C
Fig. 4.4.3 0 4.5-19 2C
Fig. 4.4.4 0 4.5-20 2C
Fig. 4.4.5 0 4.5-21 2C
Fig. 4.4.6 2A 4.5-22 2C
Fig. 4.4.7 2B 4.5-23 2C
Fig. 4.4.8 Deleted 4.5-24 2C
Fig. 4.4.9 1 4.5-25 Deleted
Fig. 4.4.10 0 4.5-26 Deleted
Fig. 4.4.11 Deleted Fig. 4.5.1 Deleted
Fig. 4A.12 Deleted Fig. 4.52 Deleted
Fig.4A.13 0 Fig. 4.5.3 Deleted
Fig. 4.4.14 Deleted Fig. 4.5.4 2B
Fig.4.4.15 Deleted 4.6-1 2C
Fig. 4.4.16 2B 4.6-2 . 2C
Fig. 4.4.17 2B 4.7-1 2C
Fig. 4.4.18 Deleted 4.7-2 2C
Fig. 4.4.19 2B 4.7-3 2C
Fig. 4.420 2B 4A-1 Deleted
Fig. 4.421 Deleted 4.A-2 Deleted
Fig. 4.4.22 Deleted 4A-3 Deleted
Fig. 4.4.23 Deleted 4.A-4 Deleted
Fig. 4.4.24 0 4.A-5 Deleted
Fig. 4.4.25 2B 4.A-6 Deleted
Fig. 4.4.26 .2B1 4.A-7 Deleted
Fig. 4.4.27 *2 4.A-8 Deleted
Fig. 4.4.28 ' 2B1 4A-9 Deleted
Fig. 4.429 2A 1 4A-10 Deleted
Fig. 4.4-30 2B 1 4A-11 Deleted
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LIST OF EFFECTIVE PAGES FOR EI-STORM .100 FSAR PROPOSED REVISION 2C . ..

Pame Revision Pane Revision
4A-12 Deleted
4A-13 Deleted
4A-14 Deleted
4A-15 Deleted
4A-16 Deleted
4A-17 Deleted
4A-18 Deleted
4A-19 Deleted
4A-20 Deleted
4A-21 Deleted
4A-22 Deleted
4A-23 Deleted
Fig. 4A1 Deleted
Fig. 4A2 Deleted
Fig. 4A3 Deleted
Fig. 4A4 Deleted
Fig. 4A5 Deleted
Fig. 4A6 Deleted
RgA A7 Deleted
Fig. 4A8 Deleted
Fig. 4A9 Deleted
Fig. 4A1 0 Deleted
Fig. 4A1 1 Deleted
Fig.4A12 Deleted
Fig. 4A13 Deleted
4.B-1 2C

4.B-5 2C
4.B-4 .2C
4.B-5 2C
4.B-6 2C
4.B-7 2C
4.13- 2C

4.B-1O 2C
4.B-11 2C
4.1-12 2C
4.B-13 2C
Fig. 4.B.1 I
Fig. 4.B2 1
Fig. 4.B.3
Fig.4.B.4 . _

Fig. 4.B.5 1
_g.4.B.6

Fig. 4.B.7 1
Fig. 4.B.8 Deleted I

.. . .
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.. LIST OF EFFECTIVE PAGES FOR I-STORM 100 FSAR PROPOSED REVISION 2C .....-. a

Page Revision P Revisio
5.0-1 2B 5.2-18 2B
5.0-2 2B 52-19 2B
5.0-3 2B 52-20 2B
5.1-1 2B 52-21 2B
5.1-2 2B 5.2-22 2B
5.1-3 2B 5.2-23 2B
5.1-4 2B 52-24 2B
5.1-5 2B 52-25 2B
5.1-6 2B 52-26 2B
5.1-7 2B 52-27 2B
5.1-8 2B 52-28 2B
5.1-9 2B 52-29 2B
5.1-10 2B 52-30 2B
5.1-11 2B 52-31 . 2B
5.1-12 2B 52-32 2B
5.1-13 2B 52-33 2B
5.1-14 2B 52-34 .2B
5.1-15 2B 52-35 2B
5.1-16 2B 52-36 2B
5.1-17 2B 52-37 *2B
5.1-18 2B 5.2-38 2B
5.1-19 2B ____5.2-39 .2B
5.1-20 2B 52-40 .2B

Fig. 5.1.1 1 5.2-41 2B
Fig. 5.1.2 0. 52-42 2B
Fg. 5.1.3 2B 5.2-43 2B
Fig. 5.1.4 0 5244 2B
Fig. 5.1.5 0 52-45 2B
Fig. 5.1.6 0 52-46 2B
Fig. 5.1.7 0 52-47 2B
Fig. 5.1.8 0 5.2-48 2B
Fig. 5.1.9 0 52-49 2B
Fig. 5.1.10 - 0 52-50 -2B
Fig. 5.1.11 0 52-51 .2B

Fig. 5.1.12 1 52-52 2B
52-1 2B _ 52-53 2B
52-2 2B 5.2-54 2B
52-3 2B 52-55 2B
52-4 2B 52-56 -2B
52-5 2B 52-57 2B
5.2-6 2B 52-58 2B
5.2-7 2B 5.3-1 2A
52-8 2B 5.3-2 2A
5.2-9 2B 5.3-3 2A
52-10 c2B 5.3-4 2A
5.2-11 .2B 5.3-5 2A
5.2-12 2B - 5.3-6 2A
52-13 2B 5.3-7 2A
52-14 2B - 5.3-8 2A
5.2-15 2B 5.3-9 2A
5.2-16 2B 5.3-10 2A
52-17 2B_ 5.3-11 2A
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LIST OF EFFECTIVE PAGES FOR HI-STORNI 100 FSAR PROPOSED REVISION 2C.

E _ Revision Pane Revision
5.3-12 2A 5.4-29 2B
5.3-13 2A 5.4-30 2B
5.3-14 2A 5.4-31 2B
Fig. 5.3.1 1 5.4-32 2B
Fig. 5.3.2 0 5.4-33 2B
Fig. 5.3.3 0 5.4-34 2B
Fig. 5.3.4 1 5.4-35 2B
Fig. 5.3.5 0 5.5-1 0
Fig. 5.3.6 0 5.6-1 2B
Fig. 5.3.7 1 5.6-2 2B
Fig. 5.3.8 . 0 5.6-3 2B
Fig. 5.3.9 0 5A-1 0
Fig. 5.3.10 1 5A-2 0
Fig. 5.3.11 1 5A-3 0
Fig. 5.3.12 0 5.B-1 0
Fig. 5.3.13 0 5.B-2 0
Fig. 5.3.14 1 5.B-3 0
Fig. 5.3.15 1 5.B-4 0
Fig. 5.3.16 1 5.B-5 0
Fig. 5.3.17 1 5.B-6 0
Fig. 5.3.18 1 5.B-7 0
Fig. 5.3.19 1 5.C-1 0
Fig. 5.3-20 1 5.C-2 0
Fig. 5.3-21 1 5.C-3 0
5.4-1 2B 5.C-4 0
5.4-2 2B S.G-5 0
5.4-3 2B 5.C-6 0
5__ 2B S.C-7 0
5.4-5 2B 5.C-8 0
5.4-6 2B 5.C-9 0
5.4-7 2B S.C-10 0
5.4-8 2B 5.C-1I 0
5.4-9 2B 5.C-12 0
5.4-10 2B 5.C-13 _ 0
5.4-11 2B 5.C-14 0
5.4-12 2B 5.C-s15 0
5.4-13 2B 5.C-16 0
5.4-14 2B S.C-17 0
5.4-15 2B 5.C-18 0
5.4-16 2B 5.C-19 0
5.4-17 2B 5.C-20 0
5.4-18 2B 5.C-21 0
5.4-19 2B 5.C-22 0
5.4-20 2B 5.C-23 0
5.4-21 2B S.C-24 0
5.4-22 2B 5.C-25 0
5.4-23 2B 5.C-26 0
5.4-24 2B 5.C-27 0
5.4-25 2B 5.C-28 0
5.4-26 2B 5.C-29 0
5.4-27 2B 5.C-30 0
5.4-28 2B 5.C-31 0
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LIST OF EFFECTIVE PAGES FOR HI-STORM 100FSAR PROPOSED REVISION 2C ..

Pane Reviion Pa__ Revision
5.G-32 0 O
5.G-33 . 0
5.0-34 0
5.0-35 .0
5.G-36 0
5.C-37 0
5.0-38 0
5.C-39 0
5.CA40 0
5.C-41 0
5.CA42 .0
5.C-43 0 .
5.C-44 0
5.C;45 0
5.C;46 0 .
5.C47 0
5.C;48 0
5.C;49 0
5.C-50 0 -
5.C-51 0
5.C-52 0 .
5.G-53 0
5.G-54 0 .
5.C-55 0
5.C-56 0 .
5.C-57 0 ,
5.G-58 05_ -5 _ _ _ _ _ _ _ _ _ _ 0 _ _ _ _ ,_.___ _ __ _ _ _ _ _ -_ _

5.C-59 0
5.C-60 -0
5.C-61 0 .
5.D-1 _ X_0_.

5.D-2 0
5.D-3 0
5.D-4 0 0
5.D-5 0
5.0-6 0
5.E-1.
5.E-2 .
5.E-3 .
5.E-4

L L
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- =

Pane RevisionII Pane RevisionII
6.1-1 2B 6.2-33 2B
6.1-2 2B 6.2-34 2B
6.1-3 2B 6.2-35 2B
6.1-4 2B 6.2-36 2B
6.1-5 2B 6.2-37 2B
6.1-6 2B 6.2-38 2B
6.1-7 2B 6.2-39 2B
6.1-8 2B 6.2-40 2B
6.1-9 2B 6.241 2B
6.1-10 2B 6.2-42 2B
6.1-11 2B 6.2-43 2B
6.1-12 2B 6.2-44 2B
6.1-13 2B 6.2-45 2B
6.1-14 2B 6.2-46 2B
6.1-15 2B 6.2-47 2B
6.1-16 2B 6.2-48 2B
6.1-17 2B 6.2-49 2B
6.1-18 2B 6.2-50 2B
6.1-19 2B 6.2-51 2B
6.2-1 2B 62-52 2B
6.2-2 2B 6.2-53 2B
6.2-3 2B 6.2-54 2B
6.2-4 2B 6.2-55 2B
6.2-5 2B 6.2-56 2B
6.2-6 2B 6.2-57 2B
6.2-7 2B 6.2-58 2B
6.2-8 2B 6.2-59 2B
6.2-9 2B 6.2-60 2B
6.2-10 2B 6.2-61 2B
6.2-11 2B 6.2-62 2B
6.2-12 2B 6.2-63 2B
6.2-13 2B 6.2-64 2B
6.2-14 2B 6.3-1 2A
6.2-15 2B 6.3-2 2A
62-16 2B 6.3-3 2A
6.2-17 2B 6.3-4 2A
6.2-18 2B 6.3-5 2A
6.2-19 2B 6.3-6 2A
6.2-20 2B 6.3-7 2A
6.2-21 _ 2B 6.3-8 2A
6.2-22 2B 6.3-9 2A
6.2-23 2B 6.3-10 2A
3.2-24 2B 6.3-11 2A
3.2-25 2B 6.3-12 2A
6.2-26 2B 6.3-13 2A
6.2-27 2B 6.3-14 2A
6.2-28 2B 6.3-15 2A
6.2-29 2B 6.3-16 2B
6.2-30 2B 6.3-17 2B
6.2-31 2B 6.3-18 2B
6.2-32 2B Fig. 6.3.1 1
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. LIST OF EFFECI1VE PAGES FOR M-STORM 100 FSAR PROPOSED REVISION 2C

Page Revision _Page Revision
Fig. 6.3.1A I Fig. 6.4.10 A
Fig. 6.32 1 Fig. 6.4.11 1
Fig. 6.3.3 0 Fig. 6.4.12 1
Fig. 6.3.4 1 Fig. 6.4.13 1
Fig. 6.3.4A 1 Fig. 6.4.14 1
Fig. 6.3.5 1 Fig. 6A.15 1
Fig. 6.3.6 0 Fig. 6.4.16 2
Fig. 6.3.7 1 Fig. 6.4.17 2A
6.4-1 2B 6.5-1 0
6.4-2 2B 6.6-1 0
6.4-3 2B 6.7-1 1
6.4-4 2B 6.7-2 1
6.4-5 2B 6A-1 1
6.4-6 2B 6A-2 -
6.4-7 2B 6A-3 1
6.4-8 2B 6A-4 1
6.4-9 2B 6A-5 1
6.4-10 2B 6A-6 1
6.4-11 2B 6.A-7. 1
6.4-12 2B 6A-8 1
6.4-13 2B 6A-9 1
6.4-14 2B 6A-10 1
6.4-15 2B 6A-11 1
6.4-16 2B 6A-12 1
6.4-17 2B 6.A-13 1
6.4-18 2B 6 A-14 I
6.4-19 2B 6A-15 _ 1
6.4-20 2B 6A-16 1
6.4-21 2B 6A-17 .1
6.4-22 2B 6A-18 .1
6.4-23 2B 6A-19 _1
6.4-24 -2B _6A-20 .1
6.4-25 2B Fig. 6A.1 0
6.4-26 2B Fig. 6A2 0
6.4-27 2B Fig. 6A3 0
6.4-28 2B Fig. 6A.4 0
6.4-29 2B . Fig. 6A.5 0
6.4-30 2B Fig. 6A6 0
6.4-31 2B 6.B-1 .0

6.4-32 2B _6.B-2 ______

6.4-33 2B 6.B-2 -- 2B
Fig. 6.4.1 Deleted 6.G-2 2B
Fig. 6.42 1 6.C-3 2B
Fig. 6.4.3 i 6.C-4 2B
Fig. 6.4.4 1 6.C-5 2B
Fig. 6A.5 1 6.C-6 2B
Fig. 6.4.6 1 6.C-7 2B
Fig. 6.4.7 1 6.C-8 2B
Fig. 6.4.8 1 6.C-9 2B
Fig. 6.4.9 1 _6.G-10 2B

+ +
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LIST OF EFFECTIVE PAGES FOR HI-STORM 100 FSAR PROPOSED REVISION 2C

Pame Revision Pasm Revision
6.C-1 I 2B
6.C-12 2B
6.C-13 2B
6.C-14 2B
6.C-15 2B =
6.C-16 2B
6.C-17 2B
6.D-1 1
6.0-2 1
6.D -3 1I_ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _

6.0-4 1I_ _ __ _ _

6.D-5 1
6.D-6 1
6.0-7 1
6.D-8 1
6.0-9 1
6.D-10 1
6.0-11 1
6.D-12 1
6.D-13 1I_ _ _ _ _ _ _ __ _ _ _ _ _ _ _

6.D-14 1
6.0-15 1
6.0-16 1
6.D-17 1
6.0-18 1
6.0-19 1
6.D-20 1
6.D-21 1
6.0-221
6.0-231
6.0-24 1___
6.D-251
6.D-26 1
6.D-27 1
6.0-28 1
6.0-29 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

6.0-301
6 .0-3 1 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

6.0-32 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

6 .0-3 3 _ _ _ _ _ I _ _ _ _ _ _ _ _ _ _ _ _

6.D-341 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

6 .0-3 5_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Page Revision |_ _ Page| Revisio
7.0-1 1 2B| |7A-8 | Deleted

7.1-1 2B 7A-9 Deleted
7.1-2 2B 7A-10 Deleted
7.1-3 2B 7A-11 Deleted
7.1-4 2B 7A-12 Deleted
7.1-5 2B 7A-13 Deleted
7.1-6 2B 7A-14 Deleted
7.1-7 2B 7A-15 Deleted
7.1-8 2B 7A-16 Deleted
Fig. 7.1.1 _ 7A-17 Deleted
72-1 2B 7A-18 Deleted
7.2-2 Deleted 7A-19 Deleted
7.2-3 Deleted 7A-20 Deleted
7.2-4 Deleted 7A-21 Deleted
7.2-5 Deleted 7A-22 Deleted
7.2-6 Deleted 7A-23 Deleted
7.2-7 Deleted 7A-24 Deleted
7.2-8 Deleted 7A-25 Deleted
7.2-9 Deleted 7A-26 Deleted
7.2-10 Deleted 7A-27 Deleted
72-11 Deleted 7A-28 Deleted
72-12 Deleted 7A-29 Deleted
7.3-1 2B 7A-30 Deleted
7.3-2 Deleted 7A-31 Deleted
7.3-3 Deleted 7A-32 Deleted
7.3-4 Deleted 7A-33 Deleted
7.3-5 Deleted 7A-34 _ Deleted
7.3-6 Deleted 7A-35 Deleted
7.3-7 Deleted 7A-36 Deleted
7.3-8 Deleted 7A-37 Deleted
7.3-9 Deleted 7A-38 Deleted
7.3-10 Deleted 7.A-39 Deleted
7.3-11 Deleted 7A-40 Deleted
7.3-12 Deleted 7.A-41 Deleted
7.3-13 Deleted 7A-42 Deleted
7.3-14 Deleted 7A-43 Deleted
7.3-15 Deleted 7A-44 Deleted
7.3-16 Deleted 7A-45 Deleted
7.3-17 Deleted 7A-46 Deleted
7.3-18 Deleted 7A-47 _ Deleted
7.3-19 Deleted 7A-48 Deleted
7.3-20 Deleted 7A-49 Deleted
7.3-21 Deleted 7A-50 Deleted
7.4-1 2B 7A-51 Deleted
7.4-2 2B 7A-52 Deleted
7A-1 2B 7A-53 Deleted
7A-2 Deleted 7A-54 Deleted
7A-3 Deleted 7A-55 Deleted
7A-4 Deleted 7A-56 Deleted
7A-5 Deleted 7A-57 Deleted
7A-6 Deleted 7A-58 Deleted
7A-7 Deleted 7A-59 Deleted
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Pame Revision Paqe Revision
7A-60 Deleted
7A-61 Deleted
7A-62 Deleted
7A-63 Deleted
7A-64 Deleted
7A-65 Deleted
7A-66 Deleted
7A-67 Deleted
7A-68 Deleted
7A-69 Deleted
7A-70 Deleted
7A-71 Deleted
7A-72 Deleted
7A-73 Deleted
7A-74 Deleted
7A-75 Deleted
7A-76 Deleted
7A-77 Deleted
7A-78. Deleted
7A-79 Deleted
7A-80 Deleted
7A-81 Deleted
7A-82_ Deleted
7A-83 Deleted
7A.-4 Deleted
7A-85 Deleted
7A-86 _ Deleted
7A-87 Deleted
7-A-88 Deleted
7A-89 Deleted
7A-90 Deleted
7A-91 Deleted
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Page Revisiori | Revision
8.0-1 2B Fig. 8.1.2d 1
8.0-2 2B Fig. 8.1.2e 0
8.0-3 2B Fig. 8.1.2f 0
8.0-4 2B Fig. 8.1.3 0
8.0-5 2B Fig. 8.1.4 1
8.0-6 2B Fig. 8.1.5 0
8.1-1 2C Fig. 8.1.6 0
8.1-2 2C Fig. 8.1.7 1
8.1-3 2C Fig.8.1.8 0
8.1-4 2C Fig. 8.1.9 0
8.1-5 . 2C Fig.8.1.10 - 0
8.1-6 2C Fig. 8.1.11 0
8.1-7 2C Fig. 8.1.12 1
8.1-8 2C Fig. 8.1.13 1
8.1-9 2C Fig. 8.1.14 0
8.1-10 2C Fig. 8.1.15 0
8.1-11 2C Fig. 8.1.16 0
8.1-12 2C Fig. 8.1.17 0
8.1-13 2C Fig. 8.1.18 1
8.1-14 2C Fig. 8.1.19 1
8.1-15 2C Fig. 8.120 1
8.1-16 2C Fig. 8.121 1
8.1-17 2C Fig. 8.122a 1
8.1-18 2C Fig. 8.1.22b 1
8.1-19 2C Fig. 8.123 1
8.1-20 2C Fig. 8.1.24 0
8.1-21 2C Fig. 8.125 1
8.1-22 2C Fig. 8.1.26 1
8.1-23 2C Fig.8.127 I
8.1-24 2C Fig. 8.128 -_1
8.1-25 2C Fig. 8.1.29a 1
8.1-26 2C Fig. 8.129b 1
8.1-27 2C Fig. 8.1.30 1
8.1-28 2C Fig. 8.1.31 1
8.1-29 2C Fig..8.1.32 0
8.1-30 2C Fig. 8.1.33 1
8.1-31 2C Fig. 8.1.34a _

8.1-32 2C Fig. 8.1.34b Deleted
8.1-33 2C Fig. 8.1.35 0
8.1-34 2C Fig. 8.1.36 0_ 0
8.1-35 2C Fig. 8.1.37 1
8.1-36 2C 8.2-1 1
8.1-37 2C 8.3-1 2C
8.1-38 2C 8.3-2 2C
8.1-39 2C 8.3-3 2C
8.1-40 2C 8.3-4 2C
8.141 2C 8.3-5 2C
8.142 2C 8.3-6 2C
Fig. 8.1.1 1 _ 8.3-7 2C
Fig. 8.1.2a 0 8.3-8 2C
Fig. 8.1.2b 0 18.3-9 2C
Fig. 8.1.2c 1 18.3-10 2C

PAGE 27 of 33



.. ... . .. LIST OF EFFECTIVE PAGES FOR ifi-STORM 100 FSAR PROPOSED REVISION 2C

Page - Revision Pane Revision
8.3-11 2C
Fig. 8.3.1 1
Fig. 8.3.2a 1
Fig. 8.3.2b 0
Fig. 8.3.2c 0
Fig. 8.3.2d 0
Fig., 8.3.3 0
Fig. 8.3.4 1
8.4-1 2A
8.4-2 2A
Fig. 8.4-1 a 1
Fig. 8.4-1 b 1
8.51 2A
8.__2 2A
8.5-3 _2A
8.5_4 2A
8.5_5 2A
Fig. 8.5-1
8.6_1_0
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Page Revision Page Revisior
9.0-1 0 O
9.1-1 2C
9.1-2 2C
9.1-3 2C
9.1-4 2C
9.1-5 2C
9.1-6 2C
9.1-7 2C
9.1-8 2C
9.1-9 2C
9.1-10 2C Ad
9.1-11 2C _ ' X

9.1-12 2C
9.1-13 2C
9.1-14 2C _

9.1-15 2C
9.1-16 2C
9.1-17 2B
9.1-18 2B
9.1-19 2B
9.1-20 2B
9.1-21 2B
9.1-22 2B
9.1-23 2B
9.1-24 2B
9.1-25 2B
9.1-26 2B
9.1-27 2B
9.1-28 2B
9.1-29 2B
9.1-30 2B
9.2-1 2B
9.2-2 2B
92-3 2B
9.2-4 2B
9.3-1 2B
9.4-1 _ 0 _

_
'I I I
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pAe_ - Revision Egoe Revision
10.1-1 1 10.3_42 2A
10.1-2 1 10.3_43 2A
10.1-3 1 Fgj.10.3.1a 1
10.14 1 Fig. 10.3.1b 1
10.1-5 1 Fig. 10.3.1c 1
10.1-6 1 Fig. 10.3.1 d 1
10.1-7 1 Fig. 10.3.1e 1
10.1-8 1 10.4-1 2B
Fg.10.1.1 1 10.4-2 2B
10.2-1 2A 10.4-3 2B
10.3-1 2A 10.44 2B
10.3-2 2A 10.4-5 2B
10.3-3 2C 10.5-1 0
10.3-4 2C
10.3-5 2B
10.3-6 2B
10.3-7 2B
10.3-8 2B
10.3-9 2B
10.3-10 2B
10.3-11 2B
10.3-12 2B
10.3-13 2B
10.3-14 2B
10.3-15 2B
10.3-16 2B
10.3-17 2B __ ___
10.3-18 2B
10.3-19 2B
10.3-20 2B
10.3-21 2B
10.3-22 2A
10.3-23 2A
10.3-24 2A
10.3-25. 2A
10.3-26 2A
10.3-27 2A
10.3-28 2A
10.3-29 2A
10.3-30 2A
10.3-31 2A
10.3-32 2A
10.3-33 2A
10.3-34 2A
10.3-35 2A
10.3-36 2A
10.3-37 2A
10.3-38 2A
10.3-39 2A
10.3-40 2A_
10.341 2A_
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Page Revision | Page | Revision
11.1-1 2C 112-33 2B
11.1-2 2C 11.2-34 2B
11.1-3 - 2C 1112-35 2B
11.1-4 2C 112-36 2B
11.1-5 2C 112-37 2B
11.1-6 2C 112-38 2B
11.1-7 2C 112-39 2B
11.1-8 2C 112-40 2B
11.1-9 2C 112-41 2B
11.1-10 2C 112-42 2B
11.1-11 2C 112-43 2B
11.1-12 2C 112-44 2B
11.1-13 2C 112-45 2B
11.1-14 2C 112-46 2B
11.1-15 2C 112-47 2B
11.1-16 2C 112-48 2B
11.1-17 - 20 112-49 2B
11.1-18 2C 112-50 2B
11.1-19 2C 112-51 - 2B
11.1-20 2C Fig. 112.1 0
112-1 2B Fig. 1122 Deleted
112-2 2B Fig. 112.3 Deleted
11.2-3 2B _Fig. 11.2.4 Deleted
11.2-4 2B Fig. 112.5 Deleted
112-5 2B Fig. 112.6 - 2A
11.2-6 2B Fig. 112.7 Deleted
112-7 2B Fig. 112.8 .2C
11.2-8 2B 11.3-1 1
112-9 2B
112-10 2B
112-11 2B
112-12 2B
112-13 2B
112-14 2B
11.2-15 2B
11.2-16 2B
112-17 2B
112-18 2B
112-19 2B
112-20 2B
112-21 2B
112-22 2B
112-23 2B
112-24 2B
11.2-25 2B
112-26 2B
11.2-27 2B
112-28 2B
11.2-29 2B
11.2-30 2B
112-31 2B
112-32 2B
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12.0-1 0 B 3.1.4-3 2C
12.1-1 2C B 3.1.4-4 2C
12.1-2 2C B 3.2.1-1 2A
12.1-3 2C B 3.2.1-2 Deleted
122-1 2C B 3.2.1-3 Deleted
12.2-2 2C B 3.2.2-1 2A
12.2-3 2C B 3.2.2-2 Deleted
12.24 2C B 3.2.2-3 Deleted
12.2-5 2C B 3.2.3-1 2A
12.2-6 2C B 3.2.3-2 Deleted
12.2-7 2C B 32.3-3 Deleted
12.2-8 2C B 3.3.1-1 2A
12.2-9 2C B 3.3.1-2 2A
12.3-1 0 B 3.3.1-3 2A
12.4-1 0 B 3.3.14 2A
12.5-1 0 B 3.3.1-5 2A
Appendix 12A Cover 2B Appendix 12.B Cover 0
TS Bases TOC 2C Comment Resolution Letters 0
B 3.0-1 0 21 Pages
B 3.0-2 0

B 3.04 0
B 3.0-5 0
B 3.0-6 0
B 3.0-7 0
B 3.0-8 0
B 3.0-9 _ 0 ___ _

B 3.1.1-2 2B
B 3.1.1-3 2B
B 3.1.1-4 2B
B 3.1.1-5 2B
B 3.1.1-6 2B
B 3.1.1-7 2B
B 3.1.1-8 2B
B 3.1.2-1 2C
B 3.1.2-2 20 __

B 3.1.2-3 2C
B 3.1.2-4 2C
B 3.1.2-5 2C
B 3.1.2-6 2C
B 3.1.2-7 2C
B 3.1.3-1 2B
B 3.1.3-2 21
B 3.1.3-3 2B
B 3.1.34 2B
B 3.1.3-5 2B
B 3.1.3-6 2B
B 3.1.3-7 2B
B 3.1.4-1 2C
B 3.1.4-2 2C
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13.0-1 2B
13.G-2 2B
13.1-1 Deleted
13.1-2 Deleted
13.2-1 Deleted
13.3-1 Deleted
13.3-2 Deleted
13.3-3 Deleted
13.3-4 Deleted
13.3-5 Deleted
13.3-6 Deleted
13.3-7 Deleted
13.3-8 Deleted
13.3-9 Deleted
13.3-10 Deleted_
13.3-11 Deleted
13.3-12 Deleted
13.3-13 Deleted
13.3-14 Deleted _

13.3-15 Deleted
13.3-16 Deleted
13.3-17 Deleted
13.4-1 Deleted in Rev. I _

13.5-1 Deleted _ _

13.5-2 Deleted
13.6-1 2A
Appendix 13A Deleted in Rev. I
Appendix 13.B Deleted in Rev. 1
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Table 1.0.2 (continued)

IH-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

Applicable
Regulatory Guide 3.61 Associated NUREG- IOCFR72 HI-STORM

Section and Content 1536 Review Criteria or 1OCFR20 FSAR
Requirement

141M3 Financial - IOCFR7230 (1

Assurance &
Record Keeping

14MA License I0CFR72.54
Termination

_ 3. Structural Evaluation
3.1 Structural Design 3m.1 SSC Important to 10CFR72.24(c)(3) 3.1

Safety 1OCFR72.24(c)(4)

3M.6 Concrete Structures IOCFR72.24(c) 3.1

3.2 Weights and Centers 3.V.l.b.2 Structural 3.2
of Gravity Design Features

33 Mechanical 3.V.l.c Structural Materials IOCFR72.24(c)(3) 3.3
Properties of 3.V.2.c Structural Materials
Materials .

NA 3111.2 Radiation 10CFR72.24(d) 3..43
Shielding, 10CF1R72.124(a) 3.4.73
Confinement, and IOCFR72.236(c) 3.4.10
Subcriticality IOCFR72.236(d)

IOCFR72.236(l)
NA 3.1113 Ready Retrieval I OCFR72.122(f) 3.4.43

IOCFR72.122(h)
-; IOCFR72.122(l)

NA 3.m.4 Design-Basis 10CFR72.24(c) 3.A.7
Earthquake 10CFR72.102(f)

NA 3M15 20 Year Minimum 1OCFR72.24(c) 3.4.11
Design Length I0CFR72.236(g) 3.4.12

3.4 General Standards for 3.4
Casks
3.4.1 Chemical and 3.V.lb.2 Structural 3.4.1

Galvanic Design Features
Reactions

3.4.2 Positive _ 3.4.2
Closure .

3.4.3 Lifting 3.V.l.ii(4)(a) Trunnions _ 3.4.3,
Devices Appendices-3-.1

3.AC, 3D

rn-STORM FSAR
REPORT Hl-2002444

Proposed Rev. 2C
1.0-13



Table 1.0.2 (continued)

m-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

Applicable
Regulatory Guide 3.61 Associated NUREG- 10CFR72 MI-STORM
Secti n and Content 1536 Review Criteria -or 10CFR20 FSAR

v Requirement
3.4.4 Heat 3.V.1.d Structural Analysis 10CFR72.24(d) 3.4.4,

10CFR72.122(b) A M Y3j

3 .- 3. V,3.

3.4.5 Cold 3.V.l.d Structural Analysis - OCFR72.24(d) 3.4.5
I-O CFR72.122(b)

3.5 Fuel Rods IOCFR72.122(h) 3.5

4. Thermal Evaluation
4.1 Discussion 4.11 Regulatory IOCFR72.24(c)(3) 4.1

Requirements IOCFR72.128(a)
(4)
1OCFR72.236(f)
1OCFR72.236(h)

4.2 Summary of Thermal 4.V.4.b Material Properties 4.2
Properties of
Materials

4.3 Specifications for 41V Acceptance Criteria 10CFR72.122(h) 4.3
Components MSG-l, Revision 3 (1)

4.4 Thermal Evaluation 4.IV Acceptance Criteria 1OCFR72.24(d) 4.4,4.5
for Normal ISG-11, Revision 3 1OCFR72.236(g)
Conditions of Storage

NA 4.WV Acceptance Criteria IOCFR72.24(d) 11.1, 11.2
IOCFR72.122(c)

4.5 Supplemental Data 4.V.6 Supplemental Info.

5. Shielding Evaluation
5.1 Discussion and 1OCFR72.104(a) 5.1

Results 1OCFR72.106(b)

5.2 Source Specification 5.V.2 Radiation Source 5.2
Definition

5.2.1 Gamma 5.V.2.a Gamma Source 5.2.1,5.2.3
Source

5.2.2 Neutron 5.V.2.b Neutron Source _ 5.2.2,5.2.3
Source

HI-STORM FSAR
REPORT HI-2002444

Proposed Rev. 2C
1.0-14
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Table 1.0.3 (continued)

rn-STORM 100 SYSTEMFSAR'CL-ARIFICATIONS AND EXCEPIIONS TONUREG-1536' -

(

^ NUREG1536 Requirement . Alternate Method to Meet
NUREG-1536 Intent

3.V.1.d.i.(2)(a), page 3-11, "Drops with the Clarification: As stated in NUREG- In Chapter 3, the MPC and rH-STORM overpack
axis generally vertical should be analyzed for 1536, 3.V.(d), page 3-11, are evaluated under a 45g radial loading. A 45g
both the conditions of a flush impact and an "Generally, applicants establish the axial loading on the MPC is bounded by the analysis
initial impact at a corner of the cask..." design basis in terms of the presented in the rI-STAR FSAR, Docket 72-1008,

maximum height to which the cask under a 60g loading, and is not repeated in this
is lifted outside the spent fuel FSAR. In Chapter 3, the rn-STORM overpack is
building, or. the maximum evaluated under a 45g axial loading. Therefore, the
deceleration that the cask could rn-STORM overpack and MPC are qualified for a

, . experience inma drop." The 45g loading as a result of a corner drop. Depending
maximum deceleration for a corner on the design of the lifling device, the type of

i ' ' " . drop is specified as 45g's for the HI- rigging used, the administrative vertical carry height
-.- : - STORM overpack. No carry height limit, and the stiffness of the impacted surface, site-

limit is specified for the corner specific analyses may be required to demonstrate-'
. drop.' ' that the'deceleration limit of 45g's is not exceeded.

3.V.2.b.i.(1), Page 3-19, Para. I "All concrete xepliow The rI-STORM Concrete is provided in the HI-STORM overpack
used in storage cask system ISFSIs, and 'subject overpack concrete is not reinforced. solely for the purpose of radiation shielding during
to NRC review, should be reinforced..." However, ACI 349 [1.0.4] is used normal operations. During lifting and handling

for the material selection and operations and under certain accident conditions, the
3.V.2.b.i.(2)(b), Page 3-20, Para. 1, "The NRC specification, and construction of compressive strength of the concrete (which is not
accepts the use of ACT 349 for the design, the plain concrete. Appendix L.D impaired by the absence of reinforcement) is
material selection and specification, and provides the relevant sections of utilized. However, since the structural reliance under
construction of all reinforced concrete ACT 349 applicable to the plain loadings which produce section flexure and tension
structures that are not addressed within the concrete in the overpack. ACT 318- is entirely on the steel structure of the overpack,
scope of ACT 359". 95 [1.0.5] is used for the calculation reinforcement in the concrete will serve no useful

of the compressive strength of the purpose.
3.V.2.c.i, Page 3-22, Para. 3, "Materials and plain concrete.
material properties used for the design and To ensure the quality of the shielding concrete, all
construction of reinforced concrete structures relevant provisions of ACT 349 are imposed as
important to safety but not within the scope of clarified in Appendix I.D. The temperaizture limits
ACT 359 should comply with the requirements for normal conditions are per Paragraph A.4.3 of
of AC! 349". - Appendir A to ACI 349 and temperature limits for

1HI-STORM FSAR
REPORT HI-2002444

Proposed Rev. 2C
1.0-25
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Table 1.0.3 (continued)

IlI-STORM 100 SYSTEM FSAR CLARIFICATIONS AND EXCEPTIONS TO NUREG-1536-

NURE-153 ReuireentAlternate Method to Meet
NUREGl1536 Requirement NUREG-1536 Intent Justilleation

off-normal and accident conditions are per
Paragraph A.4.2 ofAppendixA to ACI 349.dn

-mnoeEalndition-fromi-AC 349ib -posed.

Finally, the Fort St. Vrain ISFSI (Docket No. 72-9)
also utilized plain concrete for shielding purposes,
which is important to safety.

3.V.3.b.i.(2), Page 3-29, Para. 1, "The NRC
accepts the use of ANSI/ANS-57.9 (together Clarification: The HI-STORM The overpack structure is a steel weldmeit
with the codes and standards cited therein) as overpack steel structure is designed consisting of "plate and shell type" members. As
the basic refercnce for ISFSl structures in accordance with the ASME such, it is appropriate to design the structure to
important to safety that are not designed in B&PV Code, Section L, Section Im, Class 3 of Subsection NF. The very
accordance with Section Ell of the ASME Subsection NF, Class 3. Any same approach has been used in the structural
B&PV Code." exceptions to the Code are listed in evaluation of the "intermediate shells" in the HI--

Table 2.2.15. STAR 100 overpack (Docket Number 72-1008)
previously reviewed and approved by the USNRC.

4.V.5, Page 4-2 "for each fuel type proposed
for storage, the DCSS should ensure a very low Clarification: As described in As described in Section 4.3, all fuel array types
probability (e.g., 0.5 percent per fuel rod) of Section 4.3, all fuel array types authorized for storage have been evaluated for the
cladding breach during long-term storage." authorized for storage are assigned peak normal fuel cladding' temperature limit of

a single peakfuel cladding 400"C. Allmajor variationsn-fuelparamete-e
4.V.l, Page 4-3, Pam. I "the staff should verify temperature limit, havebeen considered in the da
that cladding temperatures for each fuel type evalpcladdin t u imits Minon fuel
proposed for storage will be below the tempe lmamete within an ay typ are bounded by th
expected damage thresholds for normal enEvativedeo eladding
conditions of storage." temperature-limit;

4.V.1, Page 4-3, Pam. 2 "fuel cladding limits
for each fuel type should be defined in the SAR
with thermal restrictions in the DCSS technical
specifications."

HI-STORM FSAR
REPORT 111-2002444

Proposed Rev. 2C
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Table 1.0.3 (continued)-i .I

HI-STORMI100SYSTEM FSAR CLARIFICATIONS AND EXCEPTIONS TO NUREG-1536 :.

C

Alternate Method to Meet
NUREG-1536 Requirement NURE Inteet Justification

4.V.1, Page 4-3, Para. 4 "the applicant should
verify that these cladding temperature limits
are appropriate for all fuel types proposed for
storage, and that the fuel cladding temperatures
will remain below the limit for facility
operations (e.g., fuel transfer) and the worst-
case credible accident"

4.V.4.a, Page 4-6, Para. 3 "applicants seeking Exception: Thenatual-eonveetin The h-S7TORMSystem FL UENT computational
NRC approval of specific internal convection ibseotion fluid dynamics model has been benchmarked against
models should propose, in the SAR, a 4.4.1. is based on rolas.i1 data/ram an in-service spent fuel storage cask and
comprehensive test program to de mionstrate the eorrelatins-f vely good agreement was foundmtal
adequacy of the cask design and validation of indifferentially-heated-bavitiesi" sfudi -thuep
the convection models." whiehave-benwalidated-by-many. o s redatu"eroturs

experimentaltudies thde disoussed in Subsection4.4 1-,noM-e
nNo additional test program is has-ben-imited4e4he-reltively -lageo MP-bnasket
proposed. to-shefl-peripheral-gaps-usection 4.4.1 provi

sufficient-refwrenhesctho l men met

analysis.

4.V.4.a, Page 4-6, Para. 6 "the basket wall Clarification: As discussed in The finite-element based thermal conductivity is
temperature of the hottest assembly can then be Subsection 4.4.2, conservative greater than a Wooten-Epstein based value. This
used to determine the peak rod temperature of maximum fuel temperatures are larger thermal conductivity minimizes the fuel-to-
the hottest assembly using the Wooten-Epstein obtained directly from the cask basket temperature difference. Since the basket
correlation." thermal analysis. The peak fuel temperature is less than the fuel temperature,

cladding temperatures arc then used minimizing the temperature difference
to determine the corresponding peak conservatively maximizes the basket wall
basket wall temperatures using a temperature.
finite-element based update of
Wootcn-Epstein (described in
Subsection 4.4.1:1.2) '_ _
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Table 1.0.3 (continued)

IH-STORM 100 SYSTEM FSAR CLARIFICATIONS AND EXCEPTIONS TO NUREG-1536

NUREC-136 RequrementAlternate Method to Meet Jiii
NUREG-1536 Requirement I NUREG-1536 Intent Justification

Clarifieatiom-As-desoribed-i Due-to-theargenumber-o pi-te-eress-
4.V.bPag4 -7IPa ra.-4-,iim-the-thermal-model Subseeionti 4.1.. the-aial seetionalheat-lnsfer-pasl
is adisymmetroi- hree-dimensionalrlhe thermal-oonductivit ihe-fuel CrosE setional -hermal-ronduevity al
longitudinal-thermal7-ondut -ityhould basket-is-set-equalo-the"eFoss- thermal-oonduotivityseverey-udi la
geno th d ithe i t m d ii ad e al e4 Obse
cladding eighted fin )-within-the - . , _ _ _ti__
fueLassembW is even-more-limitinhn _bat-imh is

_.reuienentof NUREGG-536

4.V.4.b, Page 4-7, Para. 2 "high burnup effects Exception: All calculations of fuel Within Subsection 4.4.1.1.2, the calculated effective
should also be considered in determining the assembly effective thermal thermal conductivities based on nominal design fuel
fuel region effective thermal conductivity." conductivities, described in dimensions are compared with available literature

Subsection 4.4.1.1.2, use nominal values and are demonstrated to be conservative by a
fuel design dimensions, neglecting substantial margin.
wall thinning associated with high
burnup.

4.V.4.c, Page 4-7, Pam. 5 "a heat balance on Clarification: No additional heat The FLUENT computational fluid dynamics
the surface of the cask should be given and the balanco is performed or provided. program used to perform evaluations of the HI--
results presented." STORM Overpack and HI-TRAC transfer cask,

which uses a discretized numerical solution
algorithm, enforces an energy balance on all
discretized volumes throughout the computational
domain. This solution method, therefore, ensures a
heat balance at the surface of the cask

4.V.5.a, Page 4-8, Pam. 2 "the SAR should Exception: No input or output file A complete set of computer program input and output
include input and output file listings for the listings are provided in Chapter 4. files would be in excess of three hundred pages. All
thermal evaluations." computer files are considered proprietary because they

provide details of the design and analysis methods. In
order to minimize the amount of proprietary information
in the FSAR, computer files arc provided in the

-_ proprietary calculation packages.
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(
Table 1.0.3 (continued)

HI-STORM 100 SYSTEM FSAR CLARIFICATIONS AND EXCEPTIONS TO NUREG-1536

C

NUREG-1536 Requirement Alternate Method to Meet Justification
____ ___ ___ ____ ___ ___ ____ ___ ___N U R E G -1536 Intent

4.V.5.c, Page 4-10, Para. 3 "frec volume Exception: All free volume GCa atI he vlume-oeepied bythe MPCntemals
calculations should account for thermal calculations use nominal (ierue
expansion of the cask internal components and confi ond dimensions weigh and minimum densities eons tively
the fuel when subjected to accident with the results reduced by 5% to overpredthe of a l
temperatures. account for thermal erpansion.T-but 60rr Porendg e use of a SY volume

the-volunei;o-oupieheeMPC reduction underpredicts the remaining fire volume.
internals-(ie.-fuel-assemblies,-fuel
basket-,etol)4-alulated-using

densities
7.V.4.o, Pago 7 7, Para.and-eause-the Exception: Asdesribed-inSeetion:3; The MPC uses redundant closures to assure that there is
leak-isassumed-to-be-instantaneoustHeume inrie-neanileosi-eas4he no release of radioactive materials under all crcdible

a assumedleakage-rateis-set-equa-to4he conditions. Analyses presented in Chapters 3-and 11
is not ~tyiwnil.. ___yI pl. -nete~ tncriteria (SAO demonstrate that the confinement boundary does not
insta~ntoneeiselease 2 (d-iiistantiineots atmma) plus940%for-conservatism, degrade under all normal, off-normal, and accident,

ime.that,, n-ii, ,i .al-rernains whiehefdsin0atm-em 3/s conditions. Multiple inspection methods are used to veri1v
e~~tlm e than-i ivdual-remains *.. ,Beoaue lhe-release-is-uned-to-be -- the integrity of the confinement boundary (e.g., helium

at-the-control ledarea-boundaryisnot-fator leakage-rate ndividualassunmd leakageydrostatie-and-ui ion-
in4he-dose-ealculation.- tobe-at-the-ontrolted-rea-boundary-for destructive examination, pressure testing, and fabrication
7. V.4 "Confinement Analysis. Review the C 7204Horar itionally-th shop leakage testing).
applicant's confinement analysis and the atmospherie-dispersion-raetors-of
resulting annual dose at the controlled area RegulatoryG _ e145are-pplied-No Pursuant to ISG-18, the Holtec MPC is constructed in a
boundary." confinement analysis is performed and manner that supports leakage from the confinement.

no effluent dose at the controlled area boundary being non-credible. Therefore, no confinement
boundary is calculated, analysis is required.

9.V. .a, Page 9-4, Para. 4 "Acceptance criteria Clarification: Section 9.1.1.1 and In accordance with the first line on page 9-4, the
should be defined in accordance with NB/NC- the Design Drawings specify that NRC endorses the use of "...appropriate acceptance
5330, "Ultrasonic Acceptance Standards"." the ASME Code, Section Im, criteria as defined by either the ASME code, or an

Subsection NB, Article NB-5332 alternative approach..." The ASME Code, Section
will be used for the acceptance m, Subsection NB, Paragraph NB-5332 is
criteria for the volumetric . appropriate acceptance criteria for pre-service
examination of the MPC lid-to-shell examination.

.__ _ _ _ _ _ _ _ _ _ _ _ w e ld . . '_'_'_ __'_'
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Table 1.0.3 (continued)

HI-STORM 100 SYSTEM FSAR CLARIFICATIONS AND EXCEPTIONS TO NUREG-1536

NUREG-1536 Requirement Alternate Method to Meet Justification
_____ _____ _____ _____ _____ _____N U R E G -1536 Intent_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

9.V.1.d, Para. 1 "Tests of the effectiveness of Exception: Subsection 9.1.5 The dimensional compliance of all shielding cavities is
both the gamma and neutron shielding may be describes the control of special verified by inspection to design drawing requirements
required if, for example, the cask contains a processes, such as neutron shield prior to shield installation.
poured lead shield or a special neutron material installation, to be
absorbing material."' performed in lieu of scanning or TItiten, apoed andrialified specialrproce. . -with written, approved, and qualified special process

probing with neutron sources. rocedures.

The composition of the Holtitc-A is confirmed by
inspection and tests pror to first use.

Following the first loading for the HI-TRAC transfer cask
and each HI-STORM overpack, a shield effectiveness test
is performed in accordance with written approved
procedures, as specified in Section 9.1.

13.111, "the application must include, at a Exception: Section 13.0 The NRC has approved Revision 13 of the Holtec.
minimum, a description that satisfies the incorporates the NRC-approved Quality Assurance Program Manual under 10 CFR
requirements of 10 CFR Part 72, Subpart G, Iloltec International Quality 71 (NRC Qd Program Approval for Radioactive
'Quality Assurance'..." Assurance Program Manual by Material Packages No. 0784, Rev. 3). Pursuant to

reference rather than describing the 10 CFR 72.140(d), Holtec will apply this QA
Holtec QA program in detail.- program to all important-to-safety dry storage cask

activities. Incorporating the Holtec QA Program
Manual by reference eliminates duplicate
documentation.
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1.1 INTRODUCTION

HI-STORM 100 (acronym for Holtec International Storage and Transfer Qperation Reinforced
Module) is a spent nuclear fuel storage system designed to be in full compliance with the
requirements of 1OCFR72. The annex "100" is a model number designation which denotes a system
weighing over 100 tons. The HI-STORM 100 System consists of a sealed metallic canister, herein
abbreviated as the 'MPC", contained within an overpack. Its design features are intended to simplify
and reduce on-site SNF loading, handling, and monitoring operations, and to provide for radiological
protection and maintenance of structural and thermal safety margins.

The HI-STORM 1OOS overpack is a variant of the HI-STORM 100 overpack and has its own set of
drawings in Section 1.5.- The "5" suffix indicates an enhanced overpack design, as described later
in this section. The HI-STORM 100S accepts the same MPCs and fuel types as the H-STORM 100
and the basic structural, shielding, and, thermal-hydraulic characteristics remain' unchanged.:
Hereafter in this FSAR reference to HI-STORM 100 System or the HI-STORM overpack is
construed to apply to both the HI-STORM 100 and the HI-STORM I OOS. Where necessary, the text
distinguishes between the two overpack designs. See Figures 1.1 .lA and 1.1.3A for a pictorial view
of the HI-STORM IOOS overpack design.

The HI-STORM IOOA overpack is a third variant of the HI-STORM 100 family and is specially
outfitted with an extended baseplate and gussets to enable the overpack to be anchored to the ISFSI
pad in high seismic applications. In the following, the modified structure of the HI-STORM I00A,-
in each of four 'quadrants, is denoted as' a "sector lug." The HI-STORM 1OA design is also
applicable to the HI-STORM IOOS overpack,;in which case the assembly would be named HI-
STORM I OOSA. Hereafter in the text, discussion of HI-STORM 1 OOA applies to both the standard
(HI-STORM 100A) and short (111-STORM 100SA) overpacks, unless otherwise clarified.

The HI-STORM 100 System is designed to' accommodate a wide variety of spent nuclear fuel
assemblies in a single overpack design by utilizing different MPCs. The external dimensions of all
MPCs are identical to allow the use of a single overpack. Each of the MPCs has different internals
(baskets) to accommodate distinct fuel characteristics. Each MPC is identified by the maximum
quantity of fuel assemblies it is capable of receiving. The MPC-24, MPC-24E, and MPC-24EF
contain a maximum of 24 PWR fuel assemblies; the MPC-32 andMPC-32F contains a maximum of
32 PWR fuel assemblies; and the MPC-68, MPC-68F, and MPC-68FF contain a maximum of 68
BWR fuel assemblies.

The HI-STORM overpack is constructed from a combination of steel and concrete, both of which
are-materials with long, proven histories of usage' in nuclear applications. The HI-STORM overpack
incorporates and combines many desirable features of previously-approved concrete and metal
module designs. In essence, the H-STORM overpack is a hybrid of metal and concrete systems,
with the design objective of emulating the best features and dispensing with the drawbacks of both.
The HI-STORM overpack is best referred to as a METCONTM (metal/concrete composite) system.
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Figures 1.1.1 and L.L.1A show the rH-STORM 100 with two of its majorconstituents, the MPC and
the storage overpack, in a cut-away view. The MPC, shown partially withdrawn from the storage
overpack, is an integrally welded pressure vessel designed to rizeet the stress limits of the ASME
Boiler and Pressure Vessel Code, Section m; Subsection NB [1.1.1]. The MPC defines the
confinement boundary for the stored spent nuclear fuel assemblies with respect to 1OCFR72
requirements and attendant review considerations. The rH-STORM 100 storage overpack provides
mechanical protection, cooling, and radiological shielding for the contained MPC.

In essence, the HI-STORM 10 0 System is the storage-onlycounterpart ofthe HI-STAR 100 System
(Docket Numbers 72-1008 (Ref [1.1.2]) and 71-9261 (Ref. [1.1.3])). Both In-STORM and HI-
STAR are engineered to house identical MPCs. Since the MPC is designed to meet the requirements
of both IOCFR71 and 1OCFR72 for transportation and storage, respectively, the rH-STORM 100
System allows rapid decommissioning ofthe ISFSI by simply transferring the loaded MPCGs directly
into HI-STAR 100 overpacks for off-site transport. This alleviates the additional fuel handling steps
required by storage-only' casks to unload the cask and repackage the fuel into a suitable;
transportation cask.

In contrast to the HI-STAR 100 overpack, which provides 'a containment boundary for the SNF
during transport, the HIl-STORM storage overpack does not constitute a containment or confinement
enclosure. The HI-STORM overpack is equipped with large penetrations near its lower and upper
extremities to permit natural circulation of air to provide for the passive cooling of the MPC and the
contained radioactive material. The HI-STORM overpack is engineered to be an effective barrier
against the radiation emitted by the stored materials, and an'efficiently configured metal/concrete
composite to attenuate the loads transmitted to the MPC during a natural phenomena or hypothetical
accident event. Other auxiliary functions of the HI-STORM 100 overpack include isolation of the'
SNF from abnormal environmental or man-made events, such as impact of a tornado borne missile.
As the subsequent chapters of this FSAR demonstrate, the HI-STORM overpack is engineered with
large margins of safety with respect to cooling, shielding, and mechanical/structural functions.

The HI-STORM 100 System is autonomous inasmuch as it provides SNF and radioactive material
confinement, radiation shielding, criticality c6ntrol and passive heat removal independent of any
other facility, structures, or components. The surveillance and maintenance required by the plant's
staff is minimized by the IH-STORM 100 System since it is completelypassive and is composed of
materials with long proven histories in the nuclear industry. The HI-STORM 100 System can be
used either singly or as the basic storage module in an ISFSI. The site for an ISFSI can be located
either at a reactor or away from a reactor.

The information presented in this report is intended to demonstrate the acceptability of the HI-
STORM 100 System for use under the general license'provisions of Subpart K by meeting the
criteria set forth in I OCFR72.236.'

The modularity of the HI-STORM 100 System accrues several advantages. Different MPCs,
identical in exterior dimensions, manufacturing requirements, and handling features, but different in
their SNF arrangement details, are designed to fit a common overpack. Even though the different
MPCs have fundamentally identical design and manufacturing attributes, qualification of HM-
STORM 100 requires consideration of the variations in the characteristics of the MPCs. In most
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A description of each of the components is provided in the following sections, along with
information with respect to its fabrication and safety features. This discussion is supplemented with
the full set of drawings in Section 1.5. -

1.2.1.1 Multi-Purpose Canisters

The MPCs are welded cylindrical structures as shown in cross sectional views of Figures 1.2.2
through 1.2.4. The outer diameter and cylindrical height of each MPC are fixed. Each spent fuel
MPC is an assembly consisting of a honeycombed fuel basket, a baseplate, canister shell, a lid, and a
closure ring, as depicted in the MPC cross section elevation view, Figure 1.2.5. The number of spent
nuclear fuel storage locations in each of the MPCs depends on the fuel assembly characteristics.

There are seven eight MPC models, distinguished by the type and number of fuel assemblies
authorized for loading. Section 1.2.3 and Table 1.2.1 summarize the allowable contents for each
MPC model. Section 2.1.9 provides the detailed specifications for the contents authorizedfor
storage in theHI-STORM100System. The MPG 21 is designed to store up to 21 intact PMER fuel
assemblies. The M-14E is designed to store up to 24 total P\'.R fuel assemblies including up to
four (1) damaged P'lR e fuel assemblies. The .PC 2IEF is designed to store up to 21 total PAR fuel
assemblies including up to four (1) damaged PWR fuel assemblies or fuel classified as fuel debris.
The 1-G 68 is designed to store up to 68 total BWR fuel assemblies including up to 68 damaged
Dres'den Unit 1 or Humboldt Bay BVA fuel assemblies. Damaged BIAR fuel assemblies other than
Dresden Unit 1 and Humboldt Bay arc limiited to 16 fuel storage locations ina the MIPG 68 Hiith the
remainder being intact BAR'fuel assemblies up to 'a total of68. Thc MPG 68F is designed to store
up to '68 intact or damaged Dresden Unit i 'nd Humboldt Bay BWR fuel assemblies. Up to four of
the68fuel storage 1loations in the MG nS e Dresden UnitiaTd 1 and Humboldt Bays Ra
fuel assemblies classified as fuel debris. The MPG 68FF is designed to store up to 68 total BWR
'ffiel assemblies including upt '16 damaged BWR fuel assemblies. Upteih(8ofhe1
B'.VR damaged fuel assembly storage locations may be filled with BWR fuel classified as fuel
debris. In addition, all fuel loading combinations permitted in the MPG 68F are also permitted
in the MPG 68FF. Design Drawings for l*lf the MPCs are provided in Section 1.5.

The MPC provides the confinement boundary for the stored fuel; Figure 1.2.6 provides an-
elevation view of the MPC confinement boundary. The confinement boundary is defined by the
MPC baseplate, shell,- lid, port covers, and closure ring. The confinement boundary is a strength-
welded enclosure of all stainless steel construction.

The PWR MPC-24, MPC-24E and MPC-24EF differ in construction from the MPC-32
(including the MPC-32F) and the MPC-68 (including the MPC-68F and MPC-68FF) in 6ne'
important aspect: the fuel storage cells in the AfPC-24 series are physically separated from one
another by a "'flux trap", for criticality control: The PWVR MPC-32 and -32F are i-designed
similar to the MPC-68 (without flux traps) and its design includes credit for soluble boron'in the
MPC water during wet fuel loading and unloading operations for criticality control.,
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The MPG fuel baskets of non-flux trap construction (namely, MPC-68, MPC-68F, MPC-68FF, i d
MPC-32, and MPC-32F) are formed from an array of plates welded to each other at their
intersections. In the flux-trap type fuel baskets (MPC-24, MPC-24E, and MPC-24EF), formed
angles are interposed onto the orthogonally configured plate assemblage to create the required flux-
trap channels (see MPC-24 and MPC-24E design-fuel basket drawings in Section 1.5). In both
configurations, two key attributes of the basket are preserved:

i. The cross section of the fuel basket simulates a multi-flanged closed section beam,
resulting in extremely high bending rigidity.

ii. The principal structural frame of the basket consists of co-planar plate-type members
(i.e., no offset).

This structural feature eliminates the source of severe bending' stresses in the basket structure by
eliminating the offset between the cell walls that must transfer the inertia load of the stored SNF to
the basket/MPC interface during the various postulated accident events (e.g., non-mechanistic
tipover, uncontrolled lowering of a cask during on-site transfer, or off-site transport events, etc.).

The MPC fuel basket is positioned and supported within the MPC shell by a set of basket
supports welded to the inside of the MPC shell. Between the periphery of the basket, the MPC
shell, and the basket'supports, optional aluminum heat conduction elements (AHCEs) may have
be been installed in the early vintage MPCsfabricated, certified, and loaded under the original
version or Amendment 1 of the HI-STORM 100 System Co C. The presence of these aluminum heat
conduction elements is acceptablefor APCs loaded under the original CoC or Amendment 1, since
the governing thermal analysisforAmendment I conservatively modeled theAHCEs as restrictions
to convective flow in the basket, but took no creditfor heat transfer through them. The heat loads
authorized under Amendm'ent I bound those for the original CoC, with the same MPC design. For
MPCs loaded underAmendment 2 or a later version ofthe HI-STORMJOC CoC, the aluminum heat
conduction elements shall not be installed since they were removedfrom the thermal model in
Amendment 2. MPCs both with and without aluminiim heat conduction elements installed are
compatible with all HI-STORM overpacks. If used,.4 these heat conduction elements are
fabricated from thin aluminui alloy 1100 in shapes and a design that allows a snug fit in the
confined spaces and ease of installation. If used, the heat conduction elements are installed along
the full length of the MPCGbasket except at the drain pipe location to create a nonstructural
thermal connection that facilitates heat transfer from the basket to shell. In their operating
condition, the heat conduction elements contact the MPC shell and basket walls.

Lifting lugs attached to the inside surface of the MPC canister shell serve to permit placement of
the empty MPC into the HI-TRAC transfer cask. The lifting lugs also serve to axially locate the
MPC lid prior to welding. These internal lifting lugs are not used to handle a loaded MPC. Since
the MPC lid is installed prior to any handling of a loaded MPC, there is no access to the lifting
lugs once the MPC is loaded.

HI-STORM FSAR Proposed Rev. 2C-
REPORT HI-2002444 1.2-4



1.2.1.3.1 eml-Fixed Neutron Absorbers

1.2.1.3.1.1 BorafM-

B oral is a thermal neutron poison material composed of boron carbide and aluminum (aluminum
powder and plate). Boron carbide is a compound having a high boron content in a physically
stable and chemically inert form. The boron carbide contained in Boral is a fine granulated
powder that conforms to ASTM C-750-80 nuclear grade Type III. The Boral cladding is made
of alloy aluminum, a lightweight 'metal with high tensile strength which is protected from
corrosion by a highly resistant oxide film. The two materials, boron carbide and aluminum, are
chemically compatible and ideally suited for long-term use in the radiation, thermal, and
chemical environment of a nuclear reactor, spent fuel pool, or dry cask. See Section 3.4.1 for
discussion of the reaction of Boral with spent fuel pool water during fuel loading and unloading
operations.

The documented historical 'applications of Boral, in environments comparable to those in spent
fuel pools and fuel storage casks, dates to the early 1950s (the U.S. Atomic Energy
Commission's AE-6 Water-Boiler Reactor [1.2.2]). Technical data on the material was first
printed in 1949, when the report "Boral: 'A New Thermal Neutron Shield"' was p'ublished [1.2.3].
in 1956, the first edition of the Reactor Shielding Design Manual [1.2.4] was published and it
contained a' section on Boral and its 'propeities".'-

In the research 'and test reactors built during the 1950s and 1960s, Boral was frequently the
material of choice for control blades, thermal-column'shutters, and other items requiring very
good thermal-neutron absdrption properties. It is in these reactors that Boral has seen its longest
service in environments comparable to today's' applications. '

Boral found other uses in the 1 960son'e'of which was a neutron poison material in baskets used
in'the 'shipment of irradiated, 'enriched fuel rods from Canada's Chalk River laboratories to
Savannah River. Use of Boral in shipping containers continues, with Boral serving as the poison
in current British Nuclear Fuels Limited 'casks-and the Storable Transport Cask by Nuclear
Assurance Corporation [1.2.5].

Boral has been licensed by the NRC for use in numerous BNVR and PWR spent fuel storage
racks'and has been extensively used in international nuclear installations.

Boral has been exclusively used in fuel stobigr applications in recent years. Its use in spent fuel
pools as the neutron absorbing material can be attributed to its proven performance and several
unique characteristics, such as:

* The content and placement of boron carbide provides a very high removal cross
section for thermal neutrons.
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* Boron carbide, in the form of fine particles, is homogeneously dispersed
throughout the central layer of the Boral panels.

* The boron carbide and aluminum materials in Boral do not degrade as a result of
long-term exposure to radiation.

* The neutron' absorbing central layer of Boral is clad with permanently bonded
surfaces of aluminum.

* Boral is stable, strong, durable, and corrosion resistant

Boral absorbs thermal neutrons without physical change or degradation of any sort from the
anticipated exposure to gamma radiation and heat. The material does not suffer loss of neutron
attenuation capability when exposed to high levels of radiation dose.

Holtec International's QA Program ensures that Boral is manufactured under the control and
surVeillance of a Quality Assurance/Quality Control Program that conforms to the requirements
of lOCFR72, Subpart G. Holtec International has procured over 200,000 panels of Boral from
AAR Advanced Structures' in'over 30 projects. Boral has always' been purchased with a.
minimum '0B loading requirement. Coupons extracted from production runs were tested using
the wet chemistry procedure. The actual '0B loading, out of thousands of coupons tested, has
never been found to fall below the design specification. The size of this coupon database is
sufficient to provide reasonable assurance that all future Boral procurements will continue, to
yield Boral 'with' full compliance with the stipulated minimum loading. Furthermore, the
surveillance, coupon testing, and' material tracking processes which have so effectively
controlled the quality of Boral are expected to continue to yield Boral of similar quality in the:
future. Nevertheless, to add another layer of insurance, only 75% '0B credit of the fixed neutron.
absorber is assumed in the criticality analysis consistent with Chapter 6.0, IV, 4.c of NUREG-
1536, Standard Review Plan for Dry Cask Storage Systems.

The oxide layer that is created from the reaction of the outer aluminum cladding and the edges of the
Boral panels with air and water provides a barrier to further reaction of the aluminum cladding with
air or the spent fuel pool water during loading and unloading operations. However, with extended.
submergence in an MPC filled with water or in the plant's' spent fuel pool, the hydrodynamic
pressure can drive water into the Boral core (comprised of particulate B4C and aluminum powder)
where previously unexposed aluminum powder may react with the water to create hydrogen. The
rate of hydrogen generation and the total hydrogen generated is dependent on several variables:,'

* Aluminum particle size: Aluminum particle size in the Boral core and associated porosity
affects the amount of aluminum available for reaction with water. Larger aluminum
particles yield less surface area for reaction, but higher porosity for aluminum-water
interaction; smaller aluminum particles yield more surface area for reaction, but lower
porosity for aluminum-water reaction.
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* Presence of trace impurities: The presence of trace impurities in the Boral core due to the
manufacturing process (i.e., sodium hydroxide, boron oxide, and iron-oxide) can affect the
rate of hydrogen production, both increasing and suppressing the reaction. Sodium
dissolved in the water increases the pH and tends to increase the rate of hydrogen
production. This is counteracted by the boron oxide, which hydrolyzes to boric acid
(H3BO3 ) and reduces the rate of hydrogen production. Trace impurities do not affect the
total amount of hydrogen generated.

* Pool water chemistry: Chemicals in the plant spent fuel pool water (e.g., copper, boron)
can affect the rate of hydrogen production, both increasing (copper) and suppressing
(boron) the reaction. -

* MPC loading operations: Operating needs or preferences by individual utilities as to when,
and for how long the MPC is kept at varying water depths in the spent fuel pool, and how
long the MPC is kept filled with water outside the spent fuel pool can affect the amount of
aluminum in the Boral core that may be exposed to water.

Due to the variability in hydrogen generation from the Boral-water reaction, the operating
procedures in Chapter 8 require monitoring for combustible gases and either exhausting or purging
the space beneath the MPC lid during loading and unloading operations when an ignition event
could occur (i.e., when the space beneath the MPC lid is open to the welding or cutting operation).

1.2.1.3.1.2 META MIG -

AETAfMfCe is a neutron absorber material developed by the Reynolds Aluminum Company in the
mid-1990s for spent fuel reactivity control in dry and wet storage applications. Metallurgically,

*METAMJCO is a metal matrix composite (MMC) consisting of a matrix of 6061 aluminum alloy
reinforced with Type I ASTMC-750 boron carbide. AETAM1CO is characterized by extremelyfine
aluminum (325 mesh or better) and boron carbide powder. Typically, the average B4C particle size
is between 10 and is microns. As described in the U.S. patents held by METAMIC, Inc. 7 the high
performance and reliability of AfETAAffC derives from the particle size distribution of its
constituents, rendered into a metal matrix composite by the powder metallurgy process. This yields
excellent and uniform homogeneity.

The powders are carefully blended without binders or other additives 'that could potentially
adversely influence performance. The maximum percentage of B4 C that can be dispersed in the
aluminum alloy 6061 matrix is approximately 40 wt.%, although extensive manufacturing and
testing experience is limited to approximately 31 wt.%. The blend of powders is isostatically
compacted into a green billet under high pressure and vacuum sinteredto near theoretical density.
According to the manufacturer, billets ofany size can be produced using this technology. The billet
is subsequently extruded into one of a number ofproductforms, rangingfrom sheet and plate to

U.S. Patent No. 5,965,829, "Radiation Absorbing Refractory Composition".
t U.S. Patent No. 6,042,779, "Extrusion Fabrication Process for Discontinuous Carbide Particulate Metal
Matrix Composites and Super, Hypereutectic Al/Si."
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angle, channel, round and square tube, and other profiles. For the META Mlf sheets used in the
MPCs, the extrudedformn is rolled down into the required thickness.

AETAMICO has been subjected to an extensive array of tests sponsored by the Electric Power
Research Institute (EPRI) that evaluated the functional performance of the material at elevated
temperatures (up' to 9000F) and radiation levels (1E+11 rads gamma). The results of the tests
documented in an EPRI report (Ref [1.2.11]) indicate that METAMIC! maintains its physical and
neutron absorption properties with little variation in its propertiesfrom the unirradiated state. The
main conclusions provided in the above-referenced EPRI report are summarized below:

* The metal matrix confi guration produced by the powder metallurgy process with a complete
absence of open porosity in METAMICf ensures that its density is essentially equal to the
theoretical density.

a The physical and neutronic properties of METAMICO are essentially unaltered under
exposure to elevated temperatures (750° F- 900° F).

• No detectable change in the neutron attenuation characteristics under accelerated corrosion
test conditions has been observed

In addition, independent measurements of boron carbide particle distribution show extremely small
particle-to-particle distancet and near-perfect homogeneity.

An evaluation of the manufacturing technology underlying METAmeCt° as'disclosed in the above-
referenced patents and of the extensive third-party tests carried out under the auspices of EPRI
makes AMETAMICOan acceptable neutron absorbermaterialfor use in the MPCs. Holtec 's technical
position on METAMICO is also supported by the evaluation carried out by other organizations (see;
for example, USNRC's SER on NUOMS-61BT, Docket No. 72-1004).

Consistent with its role in reactivity control, all M:ETAMIC'materialprocuredforuse in theHoltec
MPCs will be qualified as important-to-safety (ITS) CategoryA item. ITS category A manufactured
items, as required by Holtec's NRC-approved Quality Assurance program, must be produced to
essentially preclude the potential of an error in the procurement of constituent materials and the
manufacturing processes. Accordingly, material and manufacturing control processes must be
established to eliminate the incidence of errors, and inspection steps must be implemented to serve
as an independent set of barriers to ensure that all critical characteristics definedfor the material'
by the cask designer are met in the manufactured product.

t Medium measured neighbor-to-neighbor distance is 10.08 microns according to the article,
"METAMIC Neutron Shielding", by K. Anderson, T. Haynes, and R. Kazmier, EPRI Boraflex
Conference, November 19-20, 1998.
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All manufacturing and in-process steps in the production of METAMIC0 shall be carried out using
written procedures. As required by the company's quality program, the material manufacturer's QA
program and its implementation shall be subject to review and ongoing assessment, including audits
andsurveillances as setforth in the applicable Holtec QA procedures to ensure that all METAMICe
panels procured meet with the requirements appropriate for the quality genre of the MPCs.
Additional details pertaining to the qualification and production tests for METAMIC® are
summarized in Subsection 9.1.5.3.

Because of the absence of interconnectedporosities, the time requiredto dehydrate a METAMIC®-
equipped MPC is expected to be less compared to an MPC containing Boral.

NUREG/CR-5661 (Ref [1.2.14]) recommends limiting poison material credit to 75% of the
minimum l0B loading because of concerns for potential "streaming" of neutrons, and allows for
greater percentage credit in criticality analysis "if comprehensive acceptance tests, capable of
verifying the presence and uniformity of the neutron absorber, are implemented'" The value of 75%
is characterized in NUREG/CR-5661 as a very conservative value, based on experiments with
neutron poison containing relatively large B4 C particles, such as BORAL with an average particle
size in excess of 100 microns. META MCl, however, has a much smallerparticle size of typically
between 10 and 15 microns on average. Any streaming concerns would therefore be drastically
reduced

Analyses performed by Holtec International show that the streaming due to particle size is
practically non-existent in METAMIC®e. Further, EPRI's neutron attenuation measurements on 31
and 15 B4 C weight percent METAMICe showed that AETAMJC® exhibits very uniformn '0B areal
density. This makes it easy to reliably establish and verify the presence and microscopic and
macroscopic uniformity of the '0B in the material. Therefore, 90% credit is applied to the minimum
"0B areal density in the criticality calculations, ie. a 10% penalty is applied. This 10% penalty is
considered conservative since there are no significant remaining uncertainties in -the ' 0B areal
density. In Chapter9 the qualification and on production testsforAMETAMIC® tosupport90% '0B
credit are specified. With 90% credit, the target weight percent of boron carbide in METAMIC® is
31 for all MPCs, as summarized in Table 1.2.8, consistent with the test coupons used in the EPRI
evaluations[.2. 11]. The maximum permitted value is 33.0 wt% to allowfornecessary fqbrication
flexibility.

Because METAlIC® is a solid material, there is no capillary path through which spentfuelpool
water can penetrate METAMICt panels and chemically react with aluminum in the interior ofthe
material to generate hydrogen. Any chemical reaction of the outer surfaces of the METAM!C'
neutron absorber panels with water to produce,hydrogen occurs rapidly. and reduces to an
insignificant amount in a short period of time. Nevertheless, combustible gas monitoring for
METAMIC® -equipped MPCs and purging or exhausting the space under the MPC lid during
welding and cutting operations, is required until supficientfield experience is gained that confirms
that little or no hydrogen is released by METAMIC® during these operations..

Mechanical properties of 31 wt. % METAMlIC based on coupon tests of the material in Mhe as-
fabricated condition and after 48 hours of an elevated temperature state at 9007F are summarized
belowfrom the EPRI report [1. 2. 11].
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Mechanical Properties of3lwt.% B4C ME TA MIC

Property As-Fabricated After 48 hours of 9007F
Temperature Soak

Yield Strength (psi) 32937 ±L3132 28744 ± 3246
Ultimate Strength (psi) 40141 ± 1860 34608 ±1513
Elongation ("l) 1.8+±0.8 5.7 ±3.1

The required flexural strain of the neutron absorber to ensure that it will not fracture when the
supporting basket wallflexes due to the worst case lateral inertial loading; has been set at 0.2%/for
the MPCs. The 1% minimum elongation of 31wt. % B4C META MIC indicated by the above table
means that ME TAMICe will have a minimum factor ofsafety offive against cracking under the most
severe postulated mechanical accident conditions for the MPCs.

EPRI's extensive characterization effort [1.2.11], which was focused on 15 and 31 wt.% BC
META MICtserved as the principal basisfora recent USNRCSER for 3lwt.% B4CMETAMICbfor
used in wet storage [1.2.12]. Additionalstudies on METAMeC° [1.2.13], EPRI's and others work
provide the confidence that3lwt.% B4C METAMICwillperform its intended function in the MPCs.

1.2.1.3.1.3 Locational Fixity ofNeutron Absorbers

Both Boral and METAMIC9 neutron absorber panels are completely enclosed inAlloyX(stainless
steel) sheathing that is stitch welded to the MPC basket cell walls along their entire periphery. The
edges of the sheathing are bent toward the cell wall to make the edge weld. Thus, the neutron
absorber is contained in a tight, welded pocket enclosure. The shear strength of the pocket weld
joint, which is an order ofmagnitude greater than the weight ofa fuel assembly, guarantees that the
neutron absorberand its envelopingsheathingpocket willmaintain theiras-installedposition under
all loading; storage, and transient evolutions. Finally, the pocket joint detail ensures that fuel
assembly insertion or withdrawal into or out of the MPC basket will not lead to a disconnection of
the sheathing from the cell wall

1.2.1.3.2 Neutron Shielding

The specification of the HI-STORM overpack and HI-TRAC transfer cask neutron shield
material is predicated on functional performance criteria. These criteria are:

* Attenuation of neutron radiation to appropriate levels;

* Durability of the shielding material under normal conditions, in terms of thermal,
chemical, mechanical, and radiation environments;

* Stability of the homogeneous nature of the shielding material matrix;
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examination technique to ensure weld integrity. The annulus shield is removed and the remaining
water in the annulus is drained. The AWSBaseplate shield is removed. The MPC lid and
accessible areas of the top of the MPC shell are smeared for removable contamination and E-
TRAC dose rates are measured. The HI-TRAC top lid is installed and the bolts are torqued. The
MPC lift cleats are installed on the MPC lid. The MPC lift cleats are the primary lifting point of
the MPC.

Rigging is installed between the MPC lift cleats and the lift yoke. The rigging supports the MPC
within HI-TRAG while the pool lid is replaced with the transfer lid. For the standard design
transfer cask, the Il-TRAC is manipulated to replace the pool lid with the transfer lid. The MPC
lift cleats and rigging support the MPC during the transfer operations.

MPC transfer from the HI-TRAC transfer cask into the overpack may be performed inside or
outside the fuel building. Similarly, Il-TRAC and rH-STORM may be transferred to the ISFSI.
in several different ways. The loaded HI-TRAC may be handled in the vertical or horizontal
orientation. The loaded rI-STORM can only be handled vertically.

For MPC transfers inside the fuel building, the empty HI-STORM overpack is inspected and
staged with the lid removed, the alignment device positioned, and, for the HI-STORM 100
overpack, the vent duct shield inserts installed. If using H-TRAC 125D, the rn-STORM mating
device is secured to the top of the empty overpack (Figure 1.2.18). The loaded rn-TRAC is
placed using the fuel building crane on top of HI-STORM, or the mating device, as applicable.
After the HI-TRAC is positioned atop the HM-STORM or secured to the mating device, as
applicable, the MPC is raised slightly. With the standard HI-TRAC design, the transfer lid door
locking pins are removed and the doors are opened. With the HI-TRAC 1251), the pool lid is
removed using the mating device. The MPC is lowered into III-STORM. Following verification
that the MPC is fully lowered, slings are disconnected and lowered onto the MPC lid. For the In-
STORM 100, the doors are closed and the li-TRAC is prepared for removal from on top of rn-
STORM (with HI-TRAC 1251), the transfer cask must first be disconnected from the mating
device). For the rn-STORM 100S, the standard design H-TRAC may need to be lifted above
the overpack to a height sufficient to allow closure of the transfer lid doors without interfering
with the MPC lift cleats. The HI-TRAC is then removed and placed in its designated storage
location. The MPC lift cleats and slings are removed from atop the MPC. The alignment device,
vent duct shield inserts, and/or mating device is/are removed, as applicable. The pool lid is removed
from the mating device and re-attached to the HI-TRAC 1 25D prior to its next use. The rH-STORM
lid is installed, and the upper vent screens and gamma shield cross plates are installed. The HI-
STORM lid studs are installed and torqued..

For MPC transfers outside of the fuel building, the empty rH-STORM overpack is inspected and
staged with the lid removed, the'alignment device positioned, and, for the HI-STORM 100, the
vent duct shield inserts installed. For L-TRAC 125D, the mating device is secured to the top of
the overpack. The loaded MI-TRAC is transported to the cask transfer facility in the vertical or
horizontal orientation. A number of methods may be utilized as long as the handling limitations
prescrbed in the technical specifications are not exceeded.
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To place the loaded EI-TRAC in a horizontal orientation,' a transport fiame' or "cradle" is
utilized. If the cradle is equipped with rotation trunnions they are used to engage the HI-TRAC
100 or 125 pocket trunnions. While the loaded HI-TRAC is lifted by the lifting trunnions, the
HI-TRAC is lowered onto the cradle rotation trunnions. Then, the crane lowers and the HI-
TRAC pivots around the pocket trunnions and is placed in the horizontal position in the cradle.

The IlH-TRAC 125D does not include pocket trunnions in its design. Therefore, the user must
downend the transfer cask onto the transport frame using appropriately designed rigging in
accordance with the site's heavy load control program.

If the loaded HL-TRAC is transferred to the cask transfer facility in the horizontal orientation, the
HI-TRAC transport frame and/or cradle are placed on a transport vehicle. The transport vehicle
may be an air pad, railcar, heavy-haul trailer, dolly,etc. If the loaded HI-TRAC is transferred to
the cask transfer facility in the vertical orientation, the Hl-TRAC may be lifted by the lifting
trunnions or seated on the transport vehicle. During the transport of the loaded LI-TRAC,
standard plant heavy load handling practices shall be applied including administrative controls
f6r the travel path and tie-down mechanisms.

Based on the MPC decay heat load and the orientation of the transfer cask during onsile
transportation, the Supplemental Cooling System (SCS) may be required to be operational
during this time period to ensure fuel cladding temperatures remain within limits. The SCS is
discussed in detail in Section 4.5 and the design criteriafor the system are provided in Appendix.
2.C. The SCS is not required when the MPC is inside the overpack regardless of decay heat
load.

After the loaded HI-TRAC arrives at the cask transfer facility, the Il-TRAC is upended by a"
crane if the HI-TRAC is in a horizontal orientation. The loaded MI-TRAC is then placed, using
the crane located in the transfer area, on top of 111-STORM, which has been inspected and'staged
with the lid removed, vent duct shield inserts installed, the alignment device positioned, and the.
mating device installed, as applicable.

ARer the H-TRAC is positioned atop the rH-STORM or the mating device, the MPC is raised
slightly. In the standard design, the transfer lid door locking pins are removed and the doors are
opened. With the H-TRAC 1 25D, the pool lid is removed using the mating device. The MPC is:
lowered into rn-STORM. Following, verification that the MPC is fully lowered, slings are
disconnected and lowered onto the MPC lid. For the HI-STORM 100, the doors are closed and
LIl-TRAC is removed from on top of rn-STORM or disconnected from the mating device, as
applicable. For the H-STORM 1005, the standard design HI-TRAC may need to be lifted
above the overpack to a height sufficient to allow closure of the transfer lid doors without
interfering with the MPW lift cleats. The HI-TRAC is then removed and placed in its designated.'
storage location. The MPC lift cleats and slings are removed from atop the MPC. The alignment
device, vent duct shield inserts, and mating device is/are removed, as applicable. The pool lid is,
removed from the mating device and re-attached to the HI-TRAC 125D prior to its next use. The mI-
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STORM lid is installed, and the uppervent screens and gamma shield cross plates are installed.
The HI-STORM lid studs and nuts are installed.'

After the rn-STORM has been loaded either within the fuel building or at a dedicated cask
transfer facility, the In-STORM is then moved to its designated position on the ISFSI padL The
I11-STORM overpack may be moved using a number of methods as long as the handling
limitations listed in the technical specifications are not exceeded. The loaded rn-STORM must
be handled in the vertical orientation; and may be lifted from the top by the anchor blocks or
from the bottom by the inlet vents. After the loaded HI-STORM is lifted, it may be placed on a
transport mechanism or continue to be lifted by the lid studs and transported to the 'storage.
location. The transport mechanism may be an air pad, crawler, railear, heavy-haul trailer, dolly,
etc. During the transport of the loaded HI-STORM, standard plant heavy load handling practices
shall be applied including administrative controls for the travel path and tie-down mechanisms.
Once in position at the storage pad, vent operability testing is performed to ensure that the
system is functioning within its design parameters.;

In the case of HI-STORM 100A, the anchor studs are installed and fastened into the anchor
receptacles in the ISFSI pad in accordance with the design requirements.

A , . ,.- .' - :

Unloading Operations a

*~~ *1{*-**: .i

The HI-STORM 100 System unloading procedures describe the general actions necessary to
prepare the MPC for unloading, cool the stored fuel assemblies in the MPC, flood the MPC
cavity, remove the lid welds, unload the spent fuel assemblies, and recover III-TRAC and empty.
the MPC. Special precautions are outlined to ensure personnel safety during the unloading
operations, and to prevent the risk of MPC overpressurization and thermal shock to the stored
spent fuel assemblies.

The MPC is recovered from HI-STORM either at the cask transfer facility or the fuel building
using any of the methodologies described in Section 8.1- The HI-STORM lid is removed, the,
alignment device positioned, and, for the HI-STORM 100, the -vent duct shield inserts are
installed, and the MPC lift cleats are attached to the MPC. For HI-TRAC 125D, the mating
device is installed. Rigging is attached to the MPC lift cleats. For the HI-STORM 100S and the
standard HII-TRAC design, the transfer doors may need to be opened to avoid interfering with the
MPC lift cleats. For I-H-TRAC 125D, .the mating device (possibly containing the pool lid) is
secured to the top of the overpack. HI-TRAC is raised and positioned on top of III-STORM or
secured to the mating device, as applicable. For III-TRAC 125D, the pool lid is ensured to be out
ofthe transferpath forthc MP. The MPC is raised into HI-TRAC. Once the MPG is raised into
HI-TRAC, the standard design Ill-TRAC transfer lid doors are closed and the locking pins are
installed. For HI-TRAC 125D, the pool lid is installed and the transfer cask is unsecured from
the mating device. lIl-TRAC is removed from on top of HI-STORM. As required based on healt
load and transfercask orientation, the Supplemental CoolingSystem is installed andplaced into
operation.
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The Ill-TRAC is brought into the fuel building and, for the standard design, manipulated for
bottom lid replacement The transfer lid is replaced with the pool lid. The MPC lift cleats and
rigging support the MPC during lid transfer operations.

IL-TRAC and its enclosed MPC 'are returned to the designated preparation area and the rigging,
MPC lift cleats, an&I HI-TRAC top lid are removed. The annulus is filled with plant
demineralized water(borated, if necessary). The annulus and HI-TRAC top surfaces are protected
from debris that will be produced when removing the MPC lid.

The MPC closure ring and vent and drain port cover plates are core drilled. Local ventilation is
established around the MPC ports. The RVOAs are attached to the vent and drain port. The
RVOAs allow access to the inner cavity ofthe MPC, while providing a hermetic seal. The MPC
is cooled using a e ath appropriate means, ifnecessary, to reduce the
MPC internal temperature to allow water flooding. Following the fuel cool-down, the MPC is
flooded with borated or unborated water, as required.inaccordaneevA the CoG. The MPC lid-
to-MPC shell weld is removed. Then, all weld removal equipment is removed with the MPC lid
left in place.

The MPC lid is rigged to the lift yoke and the lift yoke is engaged to I-TRAC lifting trunnions.
If weight limitations require, the neutron shieldjacket is drained. HI-TRAC is placed in the spent
fuel pool and the MPC lid is removed. All fuel assemblies are returned to the spent fuel storage
racks and the MPC fuel cells are vacuumed to remove any assembly debris. Hi-TRAC and MPC
are returned to the designated preparation area where the MPC water is removed. The annulus
water is drained and the MPC and HI-TRAC are decontaminated in preparation for re-utilization.

1.2.23 Identification of Subjects for Safety and Reliability Analysis

1.2.2.3.1 Criticality Prevention

Criticality is controlled by geometry and neutron absorbing materials in the fuel basket. The
MP-24/24E/4EF, MPG 21E,id44EF-(all-'with lower enriched fuel) and the MPG-
68/68F/68FF do not rely on soluble boron ciedit' during loading or the assurance that water
cannot enter the MPC during storage to meet the stipulated criticality limits.

Each MPC model is equipped with Boera neutron absorberplates affixed to the fuel cell walls as
shown on the desigdrawings in Section 1.5. The rninimum 'B areal density specified for the
Bdin neutron absorber-in each MPC model is shown in Table 1.2.2. These values are chosen
t6 be consistent with the assumptions'made in the criticality analyses.

The MPC-24, MPC-24E and 24EF(all with higher enriched fuel) and the MPC-32 and MPC-32F
take credit for soluble bo'ron in the MPC water for criticality prevention during wet loading and
unloading operations. Boron credit is only necessary for these PWR MPCs during loading'and'
unloading operations that take place under water. During storage, with the MPC cavity dry and'
sealed from the environment, criticality control measures beyond the fixed neutron poisons

rn-STORM FSAR Proposed Rev. 2C
REPORT 1-2002444 1.2-28



affixed to the storage cell walls are not necessary because of the low reactivity of the fuel in the
dry, helium filled canister and the design features that prevent water from intruding into the
canister during storage.

12.2.3.2 Chemical Safety

There are no chemical safety hazards associated with operations of the HI-STORM 100 dry
storage system. A detailed evaluation is provided in Section 3.4.

1.2.2.3.3 Operation Shutdown Modes

The HI-STORM 100 System is totally passive and consequently, operation shutdown modes are
unnecessary. Guidance is provided in Chapter 8, which outlines the HI-STORM 100 unloading
procedures, and Chapter 11, which outlines the corrective course of action in the wake of
postulated accidents.

1.2.23.4- Instrumentation

As stated earlier, the Il-STORM 100 confinement boundary is the MPC; which is seal welded,
non-destructively examined and leakpressure tested. The HI-STORM 100 is a completely
passive system with appropriate margins of safety; therefore, it is not necessary to deploy any
instrumentation to monitor the cask in the storage mode. At the option of the user, temperature
elements may be utilized to monitor the air temperature of the M-STORM overpack exit vents in
lieu of routinely inspecting the ducts for.blockage. See Subsection 2.3.3.2 dtThal
Specificationsdix A to the CobCfor additional details.

'1.2.2.3.5 Maintenance Technique

Because oftheir passive nature, the HI-STORM 100 System requires minimal maintenance over
its lifetime. No special maintenance program is required. Chapter 9 describes the acceptance
criteria and maintenance program set forth for the HI-STORM 100.

1.2.3 Cask'Contents

The HI-STORM 100 System is designed to house different types' of MPCs. The MPCs are
designed to store both BWR and PWR spent nuclear fuel assemblies. Tables 1.2.1 and 1.2.2
provide key system data anddesign-parametcrs for the MPCs. A description of acceptable fuel
assemblies for storage in the MPCs is provided in Section 2.1. and-the-Approwed-Contents
section-of Appendix-B-to-the-y-. This includes fuel assemblies classified as damaged fuel
assemblies and fuel debris in accordancie with the definitions of these terms in tha-GoGTable
1.0.1. A summary of the types of fuel authorized for storage in each MPC model is provided
below. All fuel assemblies, non-fuel hardware, and neutron sources must meet the fuel
specifications provided in Appendix B to the CoCSection 2.1. All fuel assemblies classified as
damaged fuel or fuel debris must be stored in daimaged fuel containers.'
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MPC-24

The MPC-24 is designed to accommodate up to twenty-four (24) PWR fuel assemblies classified
as intact fuel assemblies, with or without non-fuel hardware.

MPC-24E

The MPC-24E is designed to accommodate up to twenty-four (24) PWR fuel assemblies, with or
without non-fuel hardware. Up to four (4) fuel assemblies may be classified as damaged fuel
assemblies, with the balance being classified as intact fuel assemblies. Damaged fuel assemblies
must be stored in fuel storage locations 3, 6, 19, and/or 22 (see Figure 1.2.4).

MPC-24EF

The MPC-24EF is designed to accommodate up to twenty-four (24) PWR fuel assemblies, with
or without non-fuel hardware. Up to four (4) fuel assemblies may be classified as damaged fuel
assemblies or fuel debris, with the balance being classified as intact fuel assemblies. Damaged
fuel assemblies and fuel debris must be stored in fuel storage locations 3, 6, 19, and/or 22 (see
Figure 1.2.4).

MPC-32

The MPC-32 is designed to' accommodate up to thirty-two (32) PWR fuel assemblies e1assified
as intaet fuel-semblies; with or without non-fucl haidware. Up to eight (8) of these assemblies
may be classified as damaged fuel assemblies, with the balance being classified as intact fuel
assemblies. Damagedfuel assemblies must be stored in fuel storage locations 1,4,5,10,23,28,29,
and/or 32 (see Figure 1.2.3).

MPC-32F

The MPC-32Fis designed to store up to thirty two (32) PWR fuel assemblies with or without non-
fuel hardware. Up to eight (8) ofthese assemblies may be classified as damagedfuelassemblies or
fuel debris, with the balance being classified as intact fuel assemblies. Damaged fuel assemblies
andfuel debris must bestored in fuelstorage locations 1,4,5, 10,23,28,29, and/or32 (seeFigure
1.2.3).

MPC-68

The MPC-68 is designed to accommodate up to sixty-eight (68) BWR intact and/or damaged fuel
assemblies, with or without channels. For the Dresden Unit 1 or Humboldt Bay plants,' the
number'of damaged fuel assemblies may be up to a total of 68. For damaged fuel assemblies
from plants other than Dresden Unit 1, and Humboldt Bay, the number of damaged fuel'
assemblies is limited to sixteen (16) and must be stored in fuel storage locations 1,2, 3,8,, 16,
25, 34, 35, 44, 53, 60, 61, 66, 67, and/or 68 (see Figure 1.2.2).

III-STORM FSAR Proposed Rev. 2C
REPORT HI-2002444 1.2-30



1.6 REFERENCES

[1.0.1] 10CFR Part 72, "Licensing Requirements for the Storage of Spent Fuel in an
Independent SpentFuel StorageInstallation', Title 10 ofthe Code of Federal
Regulations, 1998 Edition, Office of the Federal Register, Washington, D.C.

[1.0.2] Regulatory Guide 3.61 (Task CE306-4) "Standard Format for a Topical Safety
Analysis Report for a Spent Fuel Storage Cask", USNRC, February 1989.:;

[1.0.3] NUREG-1536, "Standard Review Plan for Dry Cask Storage Systems", U.S.
Nuclear Regulatory Commission, January 1997.

[1.0.4] American Concrete Institute, "Code Requirements for Nuclear Safety Related
Concrete Structures", ACI 349-85, ACI, Detroit, Michigant

[1.0.5] American Concrete Institute, "Building Code Requirements for Structural
Concrete", ACI 318-95, ACI, Detroit, Michigan.

[1.1.1] ASME Boiler & Pressure Vessel Code, Section m, Subsection NB, American
Society of Mechanical Engineers, 1995 with Addenda through 1997.

[1.1.2] USNRC Docket No. 72-1008, Final Safety Analysis Report forthe (joltec
International Storage, Transport, and Repository) iH-STAR System, latest
revision.

[1.1.3] USNRC Docket No. 71-9261, Safety Analysis Report for Packaging forthe
([joltec International Storage, Transport, nd Repository) HI-STAR System, latest
revision.

[1.1.4] 10CFR Part 50, "Domestic Licensing of Production and Utilization Facilities",
Title 10 of the Code of Federal Regulations, 1998 Edition, Office of the Federal
Register, Washington, D.C.

[1.1.5] Deleted.

[1.2.1] U.S. NRC Information Notice 96-34, "Hydrogen Gas Ignition During Closure
Welding of a VSC-24 Multi-Assembly Sealed Basket".

[1.2.2] Directory of Nuclear Reactors, Vol. 11, Research, Test & Experimental Reactors,
International Atomic Energy Agency, Vienna, 1959.

[1.2.3] V.L. McKinney and T. Rockwell III, "Boral: A New Thermal-Neutron Shield",
USAEC Report AECD-3625, August 29, 1949.

t The 1997 edition of ACI-349 is specified for ISFSI pad and embedment design for deployment of the anchored
HI-STORM I OOA and HI-STORM I OOSA.

HI-STORM FSAR Proposed Rev. 2C
REPORT IHI-2002444 1.6-1



[1.2.4] Reactor Shielding Design Manual, USAEC Report TID-7004, March 1956.

[1.2.5] "Safety Analysis Report for the NAC Storable Transport Cask", Revision 8,
September 1994, Nuclear Assurance Corporation (USNRC Docket No. 71-9235).

[1.2.6] Deleted.

[1.2.7] Materials Handbook, 13'h Edition, Brady, G.S. and H.R. Clauser, McGraw-Hil,
1991, Page 310.

[1.2.8] Deleted.

[1.2.9]'ANSI N14.6-1993, "American National Standard for Special Lifting Devices for
Shipping Containers Weighing 10,000 Pounds (4500 kg) or More forNuclear
Materials," American National Standards Institute, June, 1993.

[1.2.10] Deleted.

[1.2.11 "Qualification of METAMICO for Spent Fuel Storage Application, " EPRI,
100313 7, Final Report, October 2001.

[1.2.12] "Safety Evaluation by the Office of Nuclear Reactor Regulation Related to
Holtec International Report HI-2022871 Regarding Use of Metamic in Fuel
Pool Applications," Facility Operating License Nos. DPR-51 and NPF-6,
Entergy Operations, Inc., Docket No. 50-313 and 50-368, USNRC, June 2003.

[1.2.13] "Metamic 6061+40% Boron Carbide- Metal Matrix Composite Test",
California Consolidated Tech. Inc. Report dated August 21, 2001 to NAC
International.

[1.2.14] "Recommendations for Preparing the Criticality Safety Evaluation for
Transportation Packages, " NUREG/CR-5661, USNRC, Dyer and Parks, ORNL.
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LD.5 Testing Requirements

Table IDS provides the testing requirements applicable to the overpack plain concrete. These
requirements are drawn from ACI 349 (85).;
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Table 1 .D. 1: Requirements for Plain Concrete

ITEM |APPLICABLE LIMIT OR REFERENCE
Density in overpack body (Minimum) 146 lb/ft3 (HI-STORM 100 up to Serial Number

(S/N) 7), 155 lb/ft3 (HI-STORM 100 S/N 8 and
higher, and HI-STORM I OS)

Density in lid and pedestal (Minimum) 146 lb/tV
Specified Compressive Strength 3,300 psi (min.)
Compressive and Bearing Stress Limit Per ACI 318-95
Cement Type and Mill Test Report Type II; Section 3.2 (ASTM C 150 orASTM C595)
Aggregate Type Section 3.3 (including ASTM C33( Note 2))
Nominal Maximum Aggregate Size 1 (inch)
Water Quality Per Section 3.4
Material Testing Per Section 3.1
Admixtures Per Section 3.6

Maximum Water to Cement Ratio 0.5 (Table 4.5.2)
Maximum Water Soluble Chloride Ion Cl in 1.00 percent by weight of cement (Table 4.5.4)
Concrete
Concrete Quality Per Chapter 4 of ACI 349
Mixing and Placing Per Chapter 5 of ACI 349
Consolidation Per ACI 309-87
Quality Assurance Per Holtec Quality Assurance Manual, 10 CFR Part

72, Appendix G commitments
Ma*imum Leeal Through-Thickness Section 3200cF (See Note 3)
Averaget Temperature Limit Under Long Term
Conditions
Maimum-Through-Thickness Section Averaget 3500F (Appendix A, Subseetien-Paragraph A.4.2)
Temperature Limit Under Short Term Conditions

Aggregate Maximum Valuett of Coefficient of 6E-06 inch/inchbF
Thermal Expansion (tangent in the range of 70TF (NUREG-1536, 3.V.2.b.i.(2)(c)2.b)
to 1000F)

l

t The through-thickness section average is the same quantity as that defined in Paragraph A.4.3 of Appendix A to
ACI 349 as the mean temperature distribution. A formulafor determining this value, consistent with the inner
and outer surface averaging used in this FSAR, is presented in Figure A-) of the commentary on ACI 349. Use
of this quantity as an acceptance criterion is, therefore, in accordance with the governingACI code.

t The following aggregate types are a priori acceptable: limestone, dolomite, marble, basalt, granite, gabbro, or
rhyolite. The thermal expansion coefficient limit does not apply when these aggregates are used. Careful
consideration shall be given to the potential of long-term degradation of concrete due to chemical reactions
between the aggregate and cement selected for HI-STORM 100 overpack concrete.
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Table LD.1 (continued)
Requirements forPlain Concrete

Notes:

1.: All section and table references are to ACI 349 (85).

2. The coarse aggregateshall meet the requirements oJASTMC33 forclass designation lSfrom.
Table 3. However, if the requirements ofASTM C33 cannot be met, concrete that has been
shown byspecial tests oractual service to produce concrete ofadequate strength anddurability
meeting the requirements of Tables l D.I and l]D.2 is acceptable in accordance withACI 349
Section 3.3.2.

3. The 300 'Flong term temperature limit is specified in accordance with Paragraph A.4.3 ofACI
349 for normal conditions considering the very low maximum stresses calculatedanddiscussed
in Section 3.4 of this FSAR for normal conditions. In accordance with this paragraph of the
governing code, the specified concrete compressive strength is supported by test data and the
concrete is shown not to deteriorate, as evidenced by a lack ofreduction in concrete density or
durability. She-00 'F o-4mit is based on (1)the use ofT emecmcnt;
speee'lehe-andt C_-hTalee e2)oh

Hatvelsmll ncras inlon trm -temp&,aturwmimi overthe inPrarp
AA. ., an r rtesy lowv,.. maiu srses oulatedforom an off nrmal conditions
in Se--i 4of t his A M4.
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Table 1 .D.2: Testing Requirements for Plain Concrete

TEST SPECIFICATION

Compression Test ASTM C3 1, ASTM C39, ASTM C192

Unit Weight (Density) ASTM C138

Maximum Water Soluble Federal Highway Administration Report FHWA-RD-77-85,
Chloride Ion Concentration "Sampling and Testing for Chloride Ion in Concrete"
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f � - CHAPTER 2 t:; PRINCIPAL DESIGN CRITERIA

This chapter contains a compilation of design criteria applicable to the M-STORM 100 System. The
loadings and conditions prescribed herein for the MPC, particularly those pertaining to mechanical
accidents, are far more severe in most cases than those required for 1 OCFR72 compliance. The MPC
is designed to be in compliance with both IOCFR72 and IOCFR71 and therefore certain design
criteria are overly conservative for storage. This chapter sets forth the loading conditions and
relevant acceptance criteria; it does not provide results of any analyses. The analyses and results
carried out to demonstrate compliance with the design criteria are presented in the subsequent
chapters of this report.

This chapter is in full compliance with NUREG-1 536, except for the exceptions and clarifications
provided in Table 1.03. Table 1.03 provides the NUREG-1 536 review guidance, the justification
for the exception or clarification, and the Holtec approach to meet the intent of the NUREG-1536
guidance.

2.0 PRINCIPAL DESIGN CRITERIA

The design criteria for the MPC, rn-STORM overpack, and rn-TRAC transfer cask are summarized
in Tables 2.0.1, 2.0.2, and 2.0.3, respectively, and described in the sections that follow.

2.0.1 MPC Design Criteria

General

The MPC is designed for 40 years of service, while satisfying the requirements of 1OCFR72. The
adequacy of the MPC design for the design life is discussed in Section 3.4.12.

Structural

The MPC is classified as important to safety. The MPC structural components include the internal
fuel basket and the enclosure vessel. The fuel basket is designed and fabricated as a core support
structure, in accordance with the applicable requirements of Section m, Subsection NG of the
ASME Code, with certain NRC-approved alternatives, as discussed in Section 2.2.4. The enclosure
vessel is designed and fabricated as a Class 1 component pressure vessel in accordaiice with Section
m, Subsection NB of the ASME Code,6with'certaii NRC-approved alteratives, as discussed in
Section 2.2.4. The principal exception is the MPC lid, vent and drain port cover plates, and closure
ring welds to the MPC lid and shell, as discussed in Section 2.2.4. In addition, the threaded holes in

t This chapter has been prepared in the format and section organization set forth in Regulatory
-Guide 3.61. However, the material content of this chapter also fulfills the requirements of
NUREG-1 536. Pagination and numbering of sections, figures, and tables are consistent with the
convention set down in Chapter 1, Section 1.0, herein. Finally, all terms-of-art used in this chapter
are consistent with the terminology of the glossary (Table 1.0.1) and component nomenclature of
the Bill-of-Materials (Section 1.5).
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the MPC lid are designed in accordance with the requirements of ANSI N14.6 for critical lifts to
facilitate vertical MPC transfer.

The MPC closure welds are partial penetration welds that are structurally qualified by analysis, as
presented in Chapter 3. The MPC lid and closure ring welds are inspected by performing a liquid
penetrant examination of the root pass and/or final weld 'surface (if more than one weld pass was
required), in accordance with the drawings contained in Section 1.5. The integrity of the MPC lid
weld is further verified by performing a volumetric (or multi-layer liquid penetrant) examination,
anda Codehydrestaie pressure test and a helium leak test, in accordance *ith the drawings and the

The structural analysis of the MPC, in conjunction with the redundant closures and nondestructive
examination, hydrestatie pressure testing, and helium leak, testing- (performed during MPC
fabricatio and NUG clesufe, provides assurance of canister closure integrity in lieu of the specific
weld joint requirements of Section III, Subsection NB.

Compliance with the ASME Code as it is applied to the design and fabrication of the MPC and the
associated justification are discussed in Section 2.2.4. The MPC is designed for all design basis
normal, off-normal, and postulated accident conditions,'as defined in Section 2.2. These design
loadings include postulated drop accidents while in the cavity of the HI-STORM overpack or the HI-
TRAC transfer cask. The load combinations for which the MPC is designed are defined in Section
2.2.7. The maximum allowable weight and dimensions of a fuel assembly to be stored in the MPC
are limited in accordance with Section 2.1.5.

The structural analysis to evaluate the margin againstfuel rod damage from buckling under the
drop accidentscenario remains unchanged consideringISG-1l, Revision 3 because no creditfor the'
tensile stresses in thefuel rods due to internal pressure is taken. Because recognition of the state of
tensile axial stress in the fuel cladding permitted by ISG-ll Revision 3 increases the resistance
under axial buckling, neglecting the internal pressure buckling analysis is conservative. Therefore,
compliance with ISG-1l Revision 3 does not have material effect on the structural analyses
summarized in Chapter 3 of this FSAR.

Thermnal

The allowable Zirealoy fuel cladding temperature limits to prevent cladding failure during long term
dry storage conditions for moderate bumup fuel in the MPC are based on LLNL Report UCID
21181 [2.2.11]. To provide additional conservatism, the permissible fuel cladding temperature
limits, which are lower than those, calculated with the LLNL methodology, have been calculated
based on PNL Report 6189 [2.0.3]. Stainless steel cladding is demonstrated to withstand higher
temperatures than that of Zircaloy cladding in EPRI Report TR 106110 [2.2.13]. However, the
Zircaloy fuel cladding temperature limits are conser-vatively applied to the stainless steel fuel
cladding. Allowable fuel cladding temperatures for high bufnup fuel assemblies are determined
using a creep strain model, developed by Holtec, and described in further detail in Appendix 1.A.
Theallowable fuel cladding temperatures which correspond to varying cooling times for the SNF to
be stored in the NIPCs are provided in Table 2.2.3.
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The design and operation of the HI-STORM 100 System meets the intent of the review guidance
contained in ISG-11, Revision 3 [2.0.8]. Specifically, the ISG-11 provisions that are explicitly
invoked and satisfied are: -

- . - . ..-. :. ; - , ... . .

i The thermal acceptance criteria for all commercial spent fuel (CSF) authorized by the
USNRCfor operation in a commercial reactor are unified into one set ofrequirements.

ii. The maximum value of the calculated temperaturefor all CSF (including ZR and stainless
steel fuel cladding materials) under long-term normal conditions of storage must remain
below400"C(752"F). Forshort-term operations, includingcanisterdrying, helium backfill,
and on-site cask transport operations, thefuel cladding temperature must not exceed 4009C
(752°F)for high burnup fuel and 5700C (1058"F) for moderate burnup fuel.

iii. The maximum fuel cladding temperature as a result ofan off-normal or accident event must
not exceed 5709C (1058"F).

iv. For High Burnup Fuel (HBF), operating restrictions are imposed to limit the maximum
temperature excursion during short-term operations to 659C (11 7OF).

To achieve compliance with the above criteria, certain design and operational changes are
necessary, as summarized below. :

i The peakfuel cladding temperature limit (PCT)for long term storage operations and short
term -operations is generally set at.4000C (752"!).-However, for MPCs containing all
moderate burnup fuel, thefuel cladding temperature limitforshort-term operations is set at
570. c(1058"F) becausefuel claddingstress is shown to be less than approximately90MPa

- perReference [2.0.9]. Appropriate analyses have been performed as discussed in Chapter 4
and operating restrictions added to ensure these limits are met (see Section 4.5).,

ii For MPCs containing at least one high burnupfuel (HBF) assembly andfor relatively high
heat load APCs containing all MBF, theforced helium dehydration (FHD) method of MwC
cavity drying must be used to meet the normal operations PCT limit and satisfy the 65"C
temperature excursion criterion for HBF.-i

ii. The off-normal and accident condition PCT limit remains unchanged (10587F).

iv. Threshold heat loads, below which a loaded MPC may reside in a HI-TRAC transfer cask
- without supplemental cooling have been established to ensure the fuel cladding temperature
limits are metlfor this normal short-term operating condition. These limits are based on the
heat load of the contained MPC and the orientation in which the HI-TRA C is handled. For
heat loads higher than the threshold values, the Supplemental Cooling System (SCS) is
requiredto ensurefuil cladding temperatures remain below the applicable temperature limit
(see Section 4.5). The design criteria for the SCS are provided in Appendix 2. C.
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The short term allowable fuel cladding temperature that is applicable to off normal and accident
conditions, as well as the fuel leading, canisterg closure and canister tranfer- operations in the UH
TRAC transfer-cask, is 570'G (105 -F) based on PNL 4835 [2.2.15]. The MPC cavity is dried using
either a vacuum drying system, or afo rced helium dehydration system (see Appendix 2.B). The MPC
is backfilled with 99.995% pure helium in accordance with the teehnical speeifleationslimits in
Table 1.2.2 during canister sealing operations to promote heat transfer and prevent cladding
degradation.

The design temperatures for the structural steel components of the MPC. are based on the
temperature limits provided in ASME Section II, Part D, tables referenced in ASME Section III,
Subsection NB and NG, for those load conditions under which material properties are relied on for a
structural load combination. The specific design temperatures for the components of the MPC are
provided in Table 2.2.3.

The MPCs are designed for a bounding thermal source term, as described in Section 2.1.6. The
maximum allowable fuel assembly heat load for each MPC is limited in accordance with the
Approved Contents section of Appendix B to the CpC~a specified in Section 2.1.9.

Each MPC model, except MPC-68F, allows for two fuel loading strategies. The first is uniform fuel
loading, wherein any authorized fuel assembly may be stored in any fuel storage location, subject to
other restrictions-in the CoC, such as preferential fuel loading and location requirements for
damaged fuel containers (DFCs) and fuel with integral non-fuel hardware (e.g., control rod
assemblies). The second is regionalized fuel loading, wherein the basket is segregated into two
regions. as defined in Appendix B to the CoC. Region 1 is the inner region where fuel assemblies
with higher heat emission rates may be stored and Region 2 is the outer region where fuel assemblies
with lower heat emission rates are stored. Regionalized loading allows for storage of fuel
assemblies with higher heat emission rates (in Region 1) than would otherwise be authorized for
loading under a uniform loading strategy. Regionalized loading strategies must also comply with
other requirements ef the CeC, such as those for DFCs and non-fuel hardware. Specific fuel
assembly cooling time, burnup, and decay heat limits for regionalized loading are presented in
Section 2.1.Qprovided in the Approved Contents section of Appendix B to the CoG. The two fuel
loading regions are defined by fuel storage location number in Table 2.1.13 (refer to Figures 1.2.2
through 1.2.4). Regionalized fuel loading meets the itent ofprefereatial fuel loading.ForMPC-68F,
only uniform loading is permitted.

Shieldin

The allowable doses for an ISFSI using the HI-STORM 100 System are delineated in IOCFR72. 104
and 72.106. Compliance with these regulations for any particular array of casks at an ISFSI is
necessarily site-specific and is to be demonstrated by the licensee, as discussed in Chapters 5 and 12.
Compliance with these regulations for a single cask and several representative cask arrays is
demonstrated in Chapters 5 and 710.

The MPC provides axial shielding at the top and bottom ends to maintain occupational exposures
ALARA during canister closure and handling operations. The occupational doses are controlled in
accordance with plant-specific procedures and ALARA requirements (discussed in Chapter 10).
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The MPCs are designed for design basis fuel as described in Sections 2.1.7 and 5.2. The radiological
source term for the MPCs is limited based on the burnup and cooling times specified in Appendix D
tothe CoGSection 2.1.9. Calculated dose rates for each MPC are provided in Section 5.1. These
dose rates are used to perform an occupational exposure evaluationin-accordaneeimth4OGFR20, as
discussed in Chapter 10.

Criticality

The MPCs provide criticality control for all design basis normal, off-normal, and postulated accident
conditions, as discussed in Section 6.1. The effective neutron multiplication factor is limited to kfr<
0.95 for fresh unirradiated fuel with optimum water moderation and close reflection, including all
biases, uncertainties, and WC manufacturing tolerances.

Criticality control is maintained by the geometric spacing of the fuel assemblies, fixed borated
neutron absorbing materials (Beral) incorporated into the fuel basket assembly, and, for certain MPC
models, soluble boron in the MPC water. The minimum specified boron concentration verified
during Bal neutron absorber manufacture is further reduced by 25% for criticality analysis for:
Boral-equippedAMPCs and by 1O%forAMETAMIC$-equippedMPCs. No credit is taken for burnup.
The maximum allowable initial enrichment for fuel assemblies to be stored in each MPC is limited.
in accoa poved Contents section oApendiB tC . Enrichment limits and
Ssoluble boron concentration requirements are delineated in Section 21 e Technical
Specifica nppendix A to the CoG consistent with the criticality analysis described in
Chapter 6.

Confinement

The MPC provides for confinement of all radioactive materials for all design basis normal, off-
normal, and postulated accident conditions, asdiscussed-in-Sectione14. As discussed in Section 7.1,
the Holtec MPC design meets the guidance in Interim Staff Guidance 18 to classi)f confinement
boundary leakage as non-credible. A non mechanisticbreath oetaided xeqent-
ofa able-fissin tridut&-in-ioce eieeri-c -release-fraetiens is-eonsidere s
diseussed in Section 73. Therefore, no confinement dose analysis is performed. The confinement
function of the MPC is verified through hydrestatie-pressure testing,fabrication shop helium leak
testing and weld examinations performed in accordance with the acceptance test program in Chapter
9. . -

Operations

There are no radioactive effluents that result from storage or transfer operations. Effluents generated
during MPC loading are handled by the plant's radwaste system and procedures.
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Generic operating procedures for the HI-STORM 100 System are provided in Chapter 8. Detailed
operating procedures will be developed by the licensee based on Chapter 8, site-specific
requirements that comply with the IOCFR50 Technical Specifications for the plant, and the HI-
STORM 100 System CoC.

Acceptance Tests and Maintenance

The fabrication acceptance basis and maintenance program to be applied to the MPCs are described
in Chapter 9. The operational controls and limits to be applied to the MPCs are discussed in Chapter
12. Application of these requirements will assure that the MPC is fabricated, operated, and
maintained in a manner that satisfies the design criteria defined in this chapter.

Decommissioning

The MPCs are designed to be transportable in the HI-STAR overpack and are not required to be
unloaded prior to shipment off-site. Decommissioning ofthe HI-STORM 100 System is addressed in
Section 2.4.

2.0.2 HI-STORM Overpack Design Criteria

General

The HI-STORM overpack is designed for 40 years of service, while satisfying the requirements of
I0CFR72. The adequacy of the overpack design for the design life is discussed in Section 3.4.11.

Structural

The Hl-STORM overpack includes both concrete and structural steel components that are classified
as important to safety.

The concrete material is defined as important to safety because of its importance to the shielding
analysis. The primary function of the HI-STORM overpack concrete is shielding of the gamma and
neutron radiation emitted by the spent nuclear fuel.

Unlike other concrete storage casks, the HI-STORM overpack concrete is enclosed in steel inner and
outer shells connected to each other by four radial ribs, and top and bottom plates. Where typical
concrete storage casks are reinforced by rebar, the HI-STORM overpack is supported by the inner
and outer shells connected by four ribs. As the HI-STORM overpack concrete is not reinforced, the
structural analysis of the overpack only credits the compressive strength of the concrete. Providing
further conservatism, the structural analyses for normal conditions demonstrate that the allowable
stress limits of the structural steel are met even with no credit for the strength of the concrete.
During accident conditions (e.g., tornado missile, tip-over, end drop, and earthquake), only the
compressive strength of the concrete is accounted for in the analysis to provide an appropriate
simulation of the accident condition. Where applicable, the compressive strength of the concrete is
calculated in accordance with ACI-318-95 [2.0.1].
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In recognition ofthe conservative assessment ofthe rn-STORM overpack concrete strength and the
primary fimction ofthe concrete being shielding, the applicable requirements ofACI-349 [2.0.2] are
invoked in the design and construction of the IH-STORM overpack concrete as specified in
Appendix I)D.

Steel components of the storage overpack are designed and fabricated in accordance with the.
requirements of ASME Code, Section m, Subsection NF for Class 3 plate and shell components.
with certain NRC-approved alternatives.

The overpack is designed for all normal, off-normal, and design basis accident condition loadings, as
defined in Section 2.2. At a minimum, the overpack must protect the MPC from deformation,
provide continued adequate performance, and allow the retrieval of the MPC under all conditions.,
These design loadings include a postulated drop accident from the maximum allowable handling
height,consistentwithe the.-":.an _r-tLs rvaluat ion._t _ "_smbedn"

Section 5.0 containedin- Appendix Atoethe CoCanalysis described in Section 3.4.9. The load
combinations for which, the overpack is designed are defined -in Section -2.2.7. The physical
characteristics of the MPCs for which the overpack is designed are defined in Chapter 1.

Thermal :

The allowable long-term through-thickness, section-average temperature limit for the overpack
concrete is established in accordance with Paragraph.A.4.3 ofAppendixA to ACI 349les.shan4he

liit in N EG 1536, which allows the use of elevated temperature limits if test data supporting
the compressive strength is available and an evaluation to show no concrete deterioration provided
local concrete teernatureimit-3 a
ae-aeeeptde range Appendix 1D specifies the cement and
aggregate requirements to allow the utilization of the 300NF temperature limit of NUREG 1536;

o ao itreimitef 20 _to th c cnete. For short
term conditions the through-thickness section average concrete temperature limit of 350TF is
specified in accordance with Paragraph A.4.2 of Appendix A ofto ACI 349. The allowable
temperatures for the structural steel components are based on the maximum temperature for which
material properties and allowable stresses are provided in Section II of the ASME Code. The
specific allowable temperatures for the structural steel components of the overpack are provided in
Table 2.2.3.

The overpack is designed for extreme cold conditions, as discussed in Section 2.2.2.2. The structural
steel materials used for the storage cask that are susceptible to brittle fracture are discussed in .

Section 3.1.2.3.

The overpack is designed for the maximum allowable heat load for steady-state normal conditions,
in accordance with Section 2.1.6. The thermal characteristics of the MPCs for which the overpack is
designed are defined in Chapter 4.
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Shielding

The off-site dose for normal operating. conditions at the controlled area boundary is limited by
1OCFR72.104(a) to a maximum of 25 mrem/year whole body, 75 mrem/year thyroid, and 25
mrem/year for other critical organs, including contributions from all nuclear fuel cycle operations.
Since these limits are dependent on plant operations as well as site-specific conditions (e.g., the
ISFSI design and proximity to the controlled area boundary, and the number and arrangement of
loaded storage casks on the ISFSI pad), the determination and comparison of ISFSI doses to this
limit are necessarily site-specific. Dose rates for a single cask and a range oftypical ISFSIs using the
HI-STORM 100 System are provided in Chapters 5 and4O. The determination of site-specific ISFSI
dose rates at the site boundary and demonstration of compliance with regulatory limits is to be
performed by the licensee in accordance with lOCFR72.212.

The overpack is designed to limit the calculated surface dose rates on the cask for all MPCs as
defined in Section 2.3.5. The overpack is also designed to maintain occupational exposures ALARA
during MPC transfer operations, in accordance with IOCFR20. The calculated overpack dose rates
are determined in Section 5.1. These dose rates are used to perform a generic occupational exposure
estimate for MPC transfer operations and a dose assessment for a typical ISFSI, as described in
Chapter 10. h--nditionoverpack-dose-ates-are4imited-in-accrdance-6ith-the-Technical
SpeGificationsprvided-n-Appendix-A4o-the-QoG

Confinement

The overpack does not perform any confinement function. Confinement during storage is provided
by the MPC and is addressed in Chapter 7. The overpack provides physical protection and biological
shielding for the MPC confinement boundary during MPC dry storage operations.

Operations

There are no radioactive effluents that result from MPC transfer or storage operations using the
overpack. Effluents generated during MPC loading and closure operations are handled by the plant's
radwaste system and procedures under the licensee's lOCFR50 license.

Generic operating procedures for the HI-STORM 100 System are provided in Chapter 8. The
licensee is required to develop detailed operating procedures based on Chapter 8, site-specific
conditions and requirements that also comply with the applicable IOCFR50 technical specification
requirements for the site, and the HI-STORM 100 System CoC.

Acceptance Tests and Maintenance

The fabrication acceptance basis and maintenance program to be applied to the overpack are
described in Chapter 9. The operational controls and limits to be applied to the overpack are
contained in Chapter 12. Application of these requirements will assure that the overpack is
fabricated, operated, and maintained in a manner that satisfies the design criteria defined in this
chapter.
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Decommissioning;

Decommissioning considerations for the HI-STORM 100 System, including the overpack, are
addressed in Section 2.4. - - -

2.03 HI-TRAC Transfer Cask Design Criteria

General - -

The HI-TRAC transfer cask is designed for 40 years of service, while satisfying the requirements of
1OCFR72. The adequacy of the H-TRAC design for the design life is discussed in Section 3.4.11.

Structural

The HI-TRAC transfer cask includes both structural and non-structural biological shielding
components that are classified as important to safety. The structural steel components of the HI-
TRAC, with the exception of the lifting trunnions, are designed and fabricated in accordance with
the applicable requirements of Section II1, Subsection NF, of the ASME Code with certain NRC-
approved alternatives, as discussed in Section 2.2.4. The lifting trunnions and associated attachments
are designed in accordance with the requirements of NUREG-0612 and ANSI N14.6 for non-
redundant lifting devices.

The HI-TRAC transfer cask is designed for all normal, off-normal, and design basis accident
condition loadings, as defined in Section 2.2. At a minimum, the HI-TRAC transfer cask must
protect the MPC from deformation, provide continued adequate performance, and allow the retrieval
of the MPC under all conditions. These design loadings include a side drop from the maximum
allowable handling height, consistent with the technical specifications. The load combinations for
which the HI-TRAC is designed are defined in Section 2.2.7. The physical characteristics of each
MPC for which the HI-TRAC is designed are defined in Chapter 1.

Thermal

The allowable temperatures for the HI-TRAC transfer cask structural steel components are based on
the maximum temperature for material properties and allowable stress values provided in Section Il
of the ASME Code. The top lid of the 1H-TRAC 100 and HI-TRAC 125 incorporate Holtite-A
shielding material. This material has a maximum allowable temperature in accordance with the
rnanufactures test data. The specific allowable temperatures for the structural steel and shielding
components of the HI-TRAC are provided in Table 2.2.3. The HI-TRAC is designed for off-normal
environmental cold conditions, as discussed in Section 2.2.2.2. The structural steel materials
susceptible to brittle fracture are discussed in Section 3.1.2.3.

The HI-TRAC is designed for the maximum alWble-heat load analyzed/or storage operations.
provided in the tcchnical ecations Based on the heat load of the contained WPC and the
orientation in which the transfer cask is handled, the Supplemental Cooling System (SCS) may be.
requiredfor certain time periods while the MPC is inside the HI-TRA C transfer cask (see Section
4.5). The design criteria for the SCS are provided in Appendix 2.C. The HI-TRAC water jacket
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maximum allowable temperature is a function of the internal pressure. To p'reclude over
pressurization of the waterjacket due to boiling of the neutron shield liquid (water), the maximum
temperature of the water' is limited to less than the saturation temperature at the shell design
pressure. In addition, the water is precluded from freezing during off-normal cold conditions by
limiting the minimum allowable temperature and adding ethylene glycoL The thermal
characteristics of the fuel for each MPC for which the transfer cask is designed are defined in
Section 2.1.6. The working area ambient temperature limit for loading operations is limited in
accordance with the design criteria established for the transfer caskdelineated in the Design
'a- s__:_-Apendix Bto the CoC.. ahue a b _

Shielding

The HI-TRAC transfer cask provides shielding to maintain occupational exposures ALARA in
accordance with IOCFR20, while also maintaining the maximum load on the plantes crane hook to
below either 125 tons or 100 tons, or less, depending on whether the 125-ton or 100-ton HI-TRAC
transfer cask is utilized. The FH-TRAC calculated dose rates are reported in Section 5.1. These dose
rates are used to perform a generic occupational exposure estimate for MPC loading, closure, and
transfer operations, as described in Chapter 10. A postulated H-TRAC accident condition, which
includes the loss of the liquid neutron shield (water), is also evaluated in Section 5.1.2. In addition,
HI-TRAC dose rates are controlled in accordance with plant-specific procedures and ALARA
requirements (discussed in Chapter 10).

The 1-TRAC 125 and 125D provide better shielding than the 100 ton IH-TRAC. Provided the
licensee is capable of utilizing the 125 ton HI-TRAC, ALARA considerations would normally
dictate that the 125 ton HI-TRAC should be used. However, sites may not be capable ofutilizing the
125 ton HI-TRAC due to crane capacity limitations, floor loading limits, or other site-specific'
considerations. As with other dose reduction-based plant activities, individual users who cannot
accommodate the 125 ton HI-TRAC should perform a cost-benefit analysis of the actions (e.g.,
modifications) which would be necessary to use the 125 ton 1-H-TRAC. The cost of the action(s)
would be weighed against the value of the projected reduction in radiation exposure and a decision
made based on each plant's particular ALARA implementation philosophy.

The HI-TRAC provides a means to isolate the annular area between the MPC outer surface and the
HIl-TRAC inner surface to minimize the potential for surface contamination of the MPC by spent
fuel pool water during wet loading operations. The HI-TRAC surfaces expected to require'
decontamination are coated. The maximum permissible surface contamination for the HI-TRAC is in
accordanice with plant-specific procedures and ALARA requirements (discussed in Chapter 10).

Confinement

The HI-TRAC transfer cask does not perform any confinement function. Confinement during MPC
transfer operations is provided by the MPC, and is addressed in Chapter 7. The HI-TRAC provides
physical protection and biological shielding for the MPC confinement boundary during MPC closure
and transfer operations.

H-STORM FSAR Proposed Rev. 2C
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Table 2.0.1 (continued)

MPC DESIGN CRITERIA SUMMARY

(

Type Criteria Basis FSAR Reference

Canister Drying <3 torr for > 30 minutes (VDS) - -

< 21"F exiting the
demoisturizer for > 30 NUREG-1536, ISG-11, Rev. 3 Section 4.5, Appendix 2.B

minutes or a dew point of the -
MPC exit gas < 22.9"F for,

> 30 minutes(FIID) '
Canister Backfdll Gas Helium Section 412434.4
Canister Backfill Varies (see'Table'1.2.2) Thermal Analysis Section 4.34
Fuel cladding temperature limit for - 752 "F (400 QC) ISG-1 1, Rev. 3 - Section 4.3
long term storage conditions ,
Fuel cladding te erature limit for 752 "F (400 C), except certain
normal short-term operating MPCs containing all moderate
condii~izi(e.g',MPC drying and buup fuel (MBF) may use ISG-1I, Rev. 3 Section 4.5
onsite transport) 10587F (570QC) for normal -

.. _-_;_. ._______short-term operating conditions _,.

Sho-eriAleabeu el.
GcladdingTtempertture'linitfor 10580F (570"C) PNL"483$ISG-11,"Rev.3 Sections'2.0.1andf4.3''-'"
Off-Normal andAccident Events ,
Insolation Protected by overpack or Section 4.3

,___ 1-TRAC
Confinement: I OCFR72.128(a)(3) and

,_ lOCFR72.236(d) and (e)
Closure Welds:

Shell Scams and Shell-to- Full Penetration Section 1.5 and Table 9.1.4
Baseplate -- _ '_ ' '_I - I_._I
MPC Lid Multi-p3ass Partial Penetration lOCFR72.236(e) Section 1.5 and Table 9.1.4
MPC Closure Ring Partial Penctration

Port Covers Partial Penetration
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Table 2.0.1 (continued)
MPC DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference

NDE:
Shell Scams and Shell-to- 100% RT or UT Table 9.1.4
Baseplate
MPC Lid Root Pass and Final Surface Chapter 8 and

100% PT; Table 9.1.4
Volumetric Inspection or

100% Surface PT each 3/8" of
weld depth

Closure Ring Root Pass (if more than one pass Chapter 8 and
is required) and Final Surface Table 9.1.4

100% PT
Port Covers Root Pass (if more than one pass Chapter 8 and

is required) and Final Surface Table 9.1.4
100% PT

Leak Testing: _

Welds Tested Shell scams, shell-to- Section 9.17.1 and Chapted&-81
bascplate, MPFlid-to-shell; ISG-18 9W-and-12

-and-por evers-e- toMP lid_
Medium Helium Section 9.17-2-and-Ghapter42
Max. Leak Rate 5x 106 atm-cm 3/sec (helium) Section 9.lGhapte-42-fFS

Monitoring System None 10CFR72.128(a)(1) Section 2.3.2.1
HydrostaticPressure Testing:

Minimum Test Pressure 125 psig (hydrostatic) Chap an Sections 8.1
120 psig (pneumatic(43, 0 and9.1

Welds Tested MPC Lid-to-Shell, MPC Shell Sections 8.1 and 9.1
scams, MPC Shell-to-Baseplate

Medium Water or helium Section 8.1 and Chapter 9

Retrievability:
Normal and Off-normal: No Encroachment on Fuel 10CFR72.122(f),(h)(1), & (1) Sections 3.4, 3.5, and 3.1.2
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Table 2.0.2
HI-STORM OVERPACK DESIGN CRITERIA SUMMARY

c

Type Criteria Basis FSAR Reference
Design Lire:

Design 40 yrs. Section 2.0.2
License 20 yrs. 10CFR72.42(a) &

O1CFR72.236(g) _
Structural:

Design & Fabrication Codes:
Concrete .

Design ACI 349 as specified in IOCFR72.24(c)(4) Section 2.0.2 and
' Appendix l.D Appendix L.D

Fabrication ACI 349 as specified in IOCFR72.24(c)(4) Section 2.0.2 and
Appendix L.D Appendix l.D

Compressive Strength ACI 318-95 as specified in IOCFR72.24(c)(4) Section 2.0.2 and
: Appendix 1.D Appendix 1.D

Structural Steel _

Design ASME Code Section m, 1OCFR72.24(c)(4) Section 2.0.2
Subsection NF '

; Fabrication _ ASME Code Section m, .10CFR72.24(c)(4) - Section 2.0.2
Subsection NF

Dead Weightst:
Max. Loaded MPC (Dry) 88,135 lb. (MPC- 32) R.G. 3.61 Table 3.2.1
Max. Empty Overpack 270,000 lb. R.G. 3.61 Table 3.2.1
Assembled with Top Lid

Max. MPC/Overpack 360,000 lb. R.G. 3.61 Table 3.2.1

Design Cavity Pressures N/ASection 2.2.1.3
Response and Degradation Limits Protect MPC from deformation IOCFR72.122(b) Sections 2.0.2 and 3.1

IOCFR72.122(c)

t Weights listed in this table arc bounding weights. Actual weights will be less, and will vary based on as-built dimensions of the components, fuel type, and the
presence of fuel spacers and non-fuel hardware,' as applicable.- -- -
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Table 2.0.2 (continued)
HI-STORM 100 OVERPACK DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference
Continued adequate performance IOCFR72.122(b)
of overpack 1OCFR72.122(e)

Retrieval of MPC IOCFR72.122(l)
Thermal:

Maximum Design Temperatures:
Concrete

oa hrsum-Through- 23000 F ACI 349 Appendix A Section 2.0.2, and Tables
Thickness Section Average (Paragraph A.4.3) I.D.1 and 2.2.3
(Normal)
Local-Maximum-Through- 3500 F ACI 349 Appendix A Section 2.0.2, and Tables
Thickness Section Average (Paragraph A.4.2) S .D.2 and-2.2.3
(Accident) ._ _ _ _ .nd__ _. __

Steel Structure (other than lid 34500 F ASME Code Table 2.2.3
bottom plate) Section II, Part D
Lid Bottom Plate 4000F

Insolation: Averaged Over 24 Hours 10CFR71.71 Section 4.4.1.1.8
Confinement: None 1OCFR72.128(a)(3) & N/A

O1CFR72.236(d) & (e)
Retrievability:

Normal and Off-normal No damage that precludes l0CFR72.122(f),(h)(1), & (1) Sections 3.5 and 3.4
Accident Retrieval of MPC or Exceeding Sections 3.5 and 3.4

Fuel Assembly Deceleration
Limits -

Criticality: Protection of MPC and Fuel IOCFR72.124 & Section 6.1
Assemblies 1 CFR72.236(c)__ ____________

Radiation Protection/Shielding: lOCFR72.126 &
1OCFR72.128(a)(2)

Overpack
(Normal/Off-normal/Accident)

Surface ALARA IOCFR20 Chapters 5 and 10
Position ALARA 10CFR20 Chapters 5 and 10
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(
Table 2.0.2 (continued)

HI-STORM 100 OVERPACK DESIGN CRITERIA SUMMARY

(

Type Criteria -Basis FSAR Reference
Beyond Controlled Area During 25 rnrem/yr. to whole body IOCFR72.104 Sections 5.1.1, 7.2, and 10.1
Normal Operation and Anticipated 75 mrern/yr. to thyroid
Occurrences 25 mrem/yr. To any critical

organ ,
At Controlled Area Boundary froi 5 rem TEDE or sum of DDE IOCFR72.106 Sections 5.1.2, 7.3, and 10.1

Design Basis Accident and CDE to any individual organ
or tissue (other than lens of eye)
< 50 rem. 15 rem lens dose. 50
rem shallow dose to skin or
extremity.

Design Bases:
Spent Fuel Specification See Table 2.0.1 IOCFR72.236(a) Section 2.1.9

Normal Design Event Conditions: IOCFR72.122(b)(1)
Ambient Outside Temperatures:

Max. Yearly Average 800 F ANSI/ANS 57.9 Section 2.2.1.4
Live Loadt: ANSI/ANS 57.9

Loaded Transfer Cask (max.) 245,000 lb. R.G. 3.61 Table 3.2.2
(HI-TRAC 125 Section 2.2.1.2
w/transfer lid)

Dry Loaded MPC (max.) 90,000 lb. R.G. 3.61 Table 3.2.1 and
._ Section 2.2.1.2

Handling: Section 2.2.1.2
Handling Loads 115% of Dead Weight CMAA #70 Section 2.2.1.2
Lifting Attachment Acceptance 1/10 Ultimate NUREG-0612 Section 3.4.3
Criteria 1/6 Yield ANSI N14.6

ANSI..446

Attachment/Component 1/3 Yield Regulatory Guide 3.61 Section 3.4.3
Interface Acceptance Criteria

I

t Weights listed in this table are bounding weights. Actual weights will be less, and will vary based on as-built dimensions of the components, fuel type, and the
presence of fuel spacers and non-fuel hardware, as applicable. - -- -- . - ,
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Table 2.0.2 (continued)
HI-STORM 100 OVERPACK DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference
Away from Attachment ASME Code ASME Code Section 3.4.3
Acceptance Criteria Level A
Minimum Temperature During 0° F ANSI/ANS 57.9 Section 2.2.1.2
Handling Operations

Snow and Ice Load 100 lb./ft2  ASCE 7-88 Section 2.2.1.6
Wet/Dry Loading Dry Section 1.2.2.2
Storage Orientation Vertical Section 1.2.2.2

Off-Normal Design Event Conditions: IOCFR72.122(b)(1)
Ambient Temperattre

Minimum 400 F ANSI/ANS 57.9 Section 2.2.2.2
Maximum 1000 F ANSI/ANS 57.9 Section 2.2.2.2
Partial Blockage of Air Inlets Two Air Inlet Section 2.2.2.5

Ducts Blocked

Design-Basis (Postulated) Accident Desi ,n Events and Conditions: 1OCFR72.94
Drop Cases: |

End 11 in. - Section 2.2.3.1
Tip-Over Assumed (Non-mechanistic) Section 2.2.3.2

(Not applicable for HI-STORM 100A)
Fire:

Duration 217 seconds 1OCFR72.122(c) Section 2.2.3.3
Temperature 1,475° F 1OCFR72.122(c) Section 2.2.3.3

Fuel Rod Rupture See Table 2.0.1 Section 2.2.3.8
Air Flow Blockage:

Vent Blockage 100% of Air Inlets Blocked 10CFR72.128(a)(4) Section 2.2.3.13
Ambient Temperature 800 F IOCFR72.128(a)(4) Section 2.2.3.13

Explosive Overpressure External 10 psid instantaneous, 5 psid 10 CFR 72.128(a)(4) Table 2.2.1
Differential Pressure steady state

Design-Basis Natural Phenomenon Design Events and Conditions: IOCFR72.92 &
1 OCFR72.122(b)(2)

Flood
Height 125 R. RG 1.59 Section 2.2.3.6
Velocity 15 ft/sec. RG 1.59 Section 2.2.3.6
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2.1.9.1 - DecayHeat.Burnup. andCoolinu TimeLimits forZR-CladFuel

EachZR-cladfuelassemblyandanyPWR integralnon-fuelhardware (N; to bestored in the I-
STORM 100 System must meet the following limits, in addition to meeting the physical limits
specified elsewhere in this section, to be authorizedforstorage in the HI-STORM100 System. The
contents ofeach fuelstorage location (fuel assembly andNEH) to bestored must be verified to have,
as applicable: .

l A decay heat less than or equal to the maximum allowable value.

a An assembly average enrichment greater than or equal to the minimum value used in
determining the maximum allowable burnup.

a A burnup less than or equal to the maximum allowable value.

A cooling time greater than or equal to the minimum allowable value.

The maximum allowable ZR-cladfuel storage location decay heat values are determined using the
methodology described in Section 2.1.9.1.1 or2.1.9.1.2 dependingon whetheruniform fuel loading
or regionalizedfuel loading is being implemented. The decay heat limits are independent of burnup,
cooling time, or enrichment and are based strictly on the thermal analysis described in Chapter 4.
Decay heat limits must be met for all contents in a fuel storage location (i.e., fuel and P WR non-fuel
hardware, as applicable).

The maximum allowable average burmip per fuel storage location is determined by calcula ion as a
function ofminimum enrichment, maximum allowable decay heat, and minimum cooling time from 3
to 20years, as described in Section 2.1.9.1.3.--'

Section 12.2.10 describes how compliance with these limits may be verified, including practical
examples.

2.1.9.1.1 Uniform Fuel Loading Decay Heat Limits for ZR -Clad Fuel

Table 2.1.26provides the maximum allowable decay heatperfuel storage location forZR-cladfuel -
in uniform fuel loading for each APC model.

2.1.9.1.2 Reqgonalized Fuel Loading Decay Heat Limits for ZR-Clad Fuel

The allowable maximum decay heat per fuel storage location for ZR-cladfuel in regionalized fuel
loading shall be calculated as follows. The fuel storage regions are defined in Table 2.1.13. The
number offfuel storage locations in each region and the maximum total decay heatper MPC model
is provided in Table 2.1.2 7.

t Note that the stainless steel-clad fuel limits apply to all fuel in the MPC, ifa mixture of stainless steel and
ZR-clad fuel is stored in the same WPC The stainless steel-clad fuel assembly decay heat limits may be
found in Table 2.1.17 through 2.1.24

HM-STORM FSAR Proposed Rev. 2C
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(1) Choose a value ofX between 1 and 6, whereXis the ratio ofthe maximum decay heat per
fuel storage location permitted in Region I (qRgj,,) to the maximum decay heat
permittedper fuel storage location in Region 2 (qRgn 2).

( i) Calculate qRgin 2 using the following equation:

qRnfo 2 = (2 x Q)/[(1 + '5) x (NRegion I xX + NReo )] Equation 2.1.9.1

Where:

qReg,,,2 = Maximum allowable decay heat per fuel storage location in Region 2 (kW)

Q = Maximum allowable heat loadfor the MPC from Table 2.1.27 (kff)

X = Ratio of qRe& n, to qRgiOn2 chosen in Step (i)

Nfti,,,= Number offuel storage locations in Region I from Table 2.1.27

NR,&, 2 =Number offuel storage locations in Region 2 from Table 2.1.27

(iii) Calculate qRe&,,, using the following equation:

qReon I = Xx qRegon 2 Equation 2.1.9.2

Where:

qRegio, I = Maximum allowable decay heat per fuel storage location in Region 1 (klc)

X = Ratio of qRegon I to qRe,,, 2 chosen in Step (i)

qReon 22= Maximum allowable decay heat per fuel storage location in Region 2
calculated in Step (ii) (kff9

2.1.9.1.3 BuMup Limits as a Function of Cooling Time for ZR-Clad Fuel

The maximum allowable ZR-clad fuel assembly average burnup varies with the following
parameters, based on the shielding analysis in Chapter5:

• Minimum requiredfuel assembly cooling time
* Maximum allowable fuel assembly decay heat
* Minimum fuel assembly average enrichment

rn-STORM FSAR Proposed Rev. 2C
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The calculation described in this section is used to determine the maximum allowable fuelassembly
'burmp for minimum cooling times between 3 and 20 years, using maximum decay heat and
'minimum enrichment as input values. This calculation may be used to create multiple burnup versus
cooling time tables foraparticularfuel assembly array/class and different minimum enrichments.
The allowable maximum burnup for a specific fuel assembly may be calculated based on the
assembly's particular enrichment and cooling time.

(i) Choose a fuel assembly minimum enrichment, E235.

(ip Calculate the maximum allowable fuel assembly average burnup for a minimum cooling
time between 3 and 20years using the equation below:

Bu =(Axq) + (B.xq 2 )+(Cxq3 )+[D x z) 2 +(ExqxE23s)+(Fxq2 xEs) +xG

Equation 2.1.9.3

Where:

Bu = Maximum allowable assembly average burnup (MWD/ATU)

q =Maximum allowable decay heat perfuel storage location determined in Section 2.1.9.1
or 2.1.9.2 (kW)

Ez3s = Minimum fuel assembly average enrichment (wt. % 235S)

(e.g., for 4.05 wt. %, use 4.05)

A through G = Coefficients from Tables 2.1.28 or 2.1.29 for the applicable fuel assembly
array/class and minimum cooling time.

2.1.9.1.4 Other Considerations

In computing the allowable maximum fuel storage location decay heats andfuel assembly average
burnups, the following requirements apply:

a Calculated burnup limits shall be rounded down to the nearest integer

* Calculated burnup limits greater than 68,200 MWD/MTUfor PWR fuel and 65,000
MWD/MTUforBWR fuel must be reduced to be equal to these values.

& Linear interpolation of calculated burnups between cooling times for a given fuel
assembly maximum decay heat and minimum enrichment is permitted. For example, the
allowable burnup for a minimum cooling time of4.5 years may be interpolated between
those burnups calculated/or 4 and S years.
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* ZR-cladfuel assemblies must have a minimum enrichment, as defined in Table 1.0.1,
greater than or equal to the value used in determining the maximum allowable burnup
per Section 2.1.9.1.3 to be authorizedfor storage in the MPC.

• When complying with the maximum fuel storage location decay heat limits, users must
account for the decay heat from both the fuel assembly and any PWR non-fuel hardware,
as applicable for the particular fuel storage location, to ensure the decay heat emitted by
all contents in a storage location does not exceed the limit.

Section 12.2.10 provides a practical example of determining fuel storage location decay heat,
burnup, and cooling time limits and verifying compliancefor a set of example fuel assemblies.

HI-STORM FSAR
REPORT 11-2002444

Proposed Rev. 2C
2.1-10



Table 2.1.16

Soluble Boron Requirements for MPC-32 and MPC-32F Wet Loading and Unloading
Operations

. ; One or More Damaged FuelAll Intact Fuel Assemblies Onemor Morea eDelAssemblies or Fuel Debris
FuelAssembly -Initial Initial Initial Initial
Array/Class Enrichment Enrichnient Enrichment Enrichment

<4.1 wt. 2 35U ~5.Wt.%2 sU <4.1 wt.% 2355U <5.0wL%235 U
(ppmb) (ppmb) (ppmb)

14x14A/B/C/D/E 1,300 190,900 1,500 2,300

J5xJSA/B/C/G 1,800 2,500 1,900 2,700
15x15D/ElF/H 1,900 2,600 2,100 2,900

16x16A 1,300 1,900 1,500 2,300
17x17A/B/C 1,900 .2,600 2,100 2,900

I,

I,
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Table 2.1.17

LIMITS FOR MA TERLAL TO BE STORED IN MPC-24

PARAMETER VALUE

Fuel Type Uranium oxide, PWR intact/fuel assemblies meeting
the limits in Table 2.1.3for the applicable array/class

Cladding 7Tpe ZR or Stainless Steel (SS) as specified in Table 2.1.3
for the applicable adray/class

Maximum Initial Enrichment perAssembly As specified in Table 2.1.3 for the applicable
array/class

Post-irradiation Cooling Time and Average ZR clad: As specified in Section 2.1.9.1
Burnup per Assembly

SSclad: > 8yearsand< 40,000 MWD/MTU

Decay Heat Per Fuel Storage Location ZR clad: As specified in Section 2.1.9.1

SS clad: < 710 Watts

Non-Fuel Hardware Burnup and Cooling As specified in Table 2.1.25
T-une ________________________

Fuel Assembly Length < 176.8 in. (nominal design)

Fuel Assembly Width < 8.54 in. (nominal design)

Fuel Assembly Weight <1, 680 lbs (including non-fuel hardware)

Other Limitations Quantity is limited to up to 24 PWR intact fiuel
assemblies.
Neutron sources, damagedfuel assemblies and
fuel debris are not permitted for storage in
MPC-24.

' BPRAs, TPDs, WABAs, water displacement
guide tube plugs, orifice rod assemblies,
and/or vibration suppressor inserts may be
stored with fuel assemblies in any fuel cell
location.
CRAs, RCCAs, CEAs, and/orAPSRs may be
stored with fuel assemblies in fuel cell
locations 9, 10, 15, and/or 16
Soluble boron requirements during wet
loading and unloading are specified in Table
2.1.14.
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Table 2.1.18

LIMITS FOR MATERIAL TO BE STORED INMPC-68

PARAMETER VALUE (Note)) --

Fuel Type(s) Uranium oxide, Uranium oxide, Mxed Oxide Mixed Oxide
BWR intact fuel BWR damaged (MOX) BWR (MOX) BWR
assemblies fuel assemblies intact fuel damagedfuel
meeting the limits meeting the limits assemblies assemblies
in Table 2.1.4 for in Table 2.1.4 /or meeting the. meeting the
the applicable the applicable limits in Table limits in Table
array/class, with array/class, with 2.1.4 for - 2.1.4for
or without -or without array/class array/class
channels channels, placed 6x6B, with or 6x6B, with or

in Damaged Fuel without without
Containers channels channels,
(DFCs) placed in

Damaged Fuel
Containers
(DFCs)

Cladding Type ZR or Stainless ZR or Stainless
Steel (SS) as Steel (SS) as
specified in Table specified in Table ZR
2.1.4 for the 2.1.4/or the
applicable applicable'
array/class array/class

Maximum Initial As specified in Planar.Average: As specified in As specified in
Planar-Average Table 2.1.4 for the Table 2.1.4for Table 2.1.4for
Enrichment per applicable < 2.7 wtl. 235U array/class array/class
Assembly and Rod array/class for array/classes 6x6B 6x6B
Enrichment 6x6A, 6x6C, 7x7A,

and 8x8A;

< 4.0wt%235U
for all other
array/classes

Rod:

As specified in
Table 2.1.4

I
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Table 2.1.18 (cont'd)

LIMITS FOR MATERIAL TO BE STORED INMPC-68

IPARAMETER VALUE (Note 1)

Post-irradiation ZR clad: As: ZR clad: As Cooling time > Cooling time >
Cooling Time and specified in Section specified in 18 years and 18years and
AverageBurnup per 2.1.9.1; except as Section 2.1.9.1; average burnup average burnup
Assembly provided in Notes except as provided < 30,000 < 30,000

2 and 3. in Notes 2 and 3. MWD/MTIHM. MWD/MTIHM.

SS clad: Note 4 SS clad: Note 4.

Decay Heat Per Fuel ZR clad: As ZR clad: As
Storage Location specified in Section specified in

2.1.9.1; except as Section 2.1.9.1;
provided in Notes except as provided < 115 Watts < 115 Watts
2 and 3. in Notes 2 and 3. _

SS clad: < 95 SS clad:< 95
Watts Watts

Fuel Assembly Length Array/classes
6x6A, 6x6C, 7x7A,
and 8x&A: <
135.0 in. (nominal < 135.0 in. < 135.0 in.

< 176.5 in. design) (nominal (nominal
(nominal design) .

All Other design)esign)
array/classes:
< 176.5 in.
(nominal design)

Fuel Assembly Width < 5.85 in. (nominal Array/classes
design) 6x6A, 6x6C, 7x7A,

and 8x8A: < 4.7
in. (nominal < 4.70 in. < 4.70 in.
design) (nominal (nominal

All Other design) design)
array/classes:
<5.85 in.
(nominal design)
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Table 2.1.18 (cont'd)

LIMITS FOR MATERIAL TO BE STORED INMPC-68

PARAMETER VALUE (Note 1)

FuelAssembly Weight < 700 lbs. Array/classes < 400 lbs, < 550 lbs,.
(including 6x6A, 6x6C, including including
channels) 7x7A, and 8x8A: channels 'channels and

< 550 lbs. DFC
(including
channels and
DFC)

All Other
array/classes:
< 700 lbs.
(including
channels and
DFC)

Other Limitations Quantity is limited to up to one (1) Dresden Unit 1 horia rod canister
meeting the specifications listed in Table 2.1.12 plus any combination
of array/class 6x6A, 6x6B, 6x6C, 7x 7A, and/or 8x8A damagedfuel
assemblies in DFCs and intactfuel assemblies up to a total of 68.
Up to 16 damagedfuel assemblies from plants other than Dresden Unit
I orHumboldt Bay may be stored in DFCs in fuel cell locations 1,'32,3,
8, 9, 16, 25, 34, 35, 44, 53, 60, 61, 66, 67, and/or 68, with the balance
comprised of intact fuel assemblies up to a total of 68
SS-cladfuel assemblies with stainless steel channels must be stored in
fuel cell locations 19 through 22, 28 through 31, 38 through 41, and/or
47 through 50.
Dresden Unit 1 fuel assemblies with one antimony-beryllium neutron
source are permitted The antimony-beryllium neutron source material
shall be in a water rod location.

I Fuel debris is not permittedfor storage in MPC-68.

Notes:

1. A fuel assembly must meet the requirements of any one column and the other limitations to be
authorizedfor storage.

2. Array/class 6x6A, 6x6C, 7x7A, and 8x8A fuel assemblies shall have a cooling time > 18years, an
average burnup < 30,000 MWD/MTU, and a maximum decay heat < 115 Watts.

3. - Array/class 8x8Ffuel assemblies shall have a cooling time > 10years, an average burnup < 27,500
MWD/MTU, anda maximum decay < 183.5 Watts.

4. SS-cladfuel assemblies shall have a cooling time > 10years, and an average burnup < 22,500
MWD/MTU.
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Table 2.1.19

LIMITS FOR M TERIAL TO BE STORED IN APC-68F

PARAMETER VALUE (Notes 1 and 2)

Fuel Type(s) Uranium oxide,
BWR intactfuel
assemblies
meeting the
limits in Table
2.1.4for
array/class
6x6A, 6x6C,
7x7A, or 8x8A,
with or without
Zircaloy
channels

Uranium oxide,
BWR damagedfuel
assemblies orfuel
debris meeting the
limits in Table
2.1.4for
array/class 6x6A,
6x6C, 7x7A, or
8x8A, with or
without Zircaloy
channels, placed in
Damaged Fuel
Containers (DFCs)

Mixed Oxide
(MOX) BWR
intactfuel
assemblies
meeting the limits
in Table 2.1.4 for
array/class 6x6B,
with or without
Zircaloy channels

Mixed Oxide
(MOX) BWR
damagedfuel
assemblies or
fuel debris
meeting the
limits in Table
2.1.4/or
array/class
6x6B, with or
without Zircaloy
channels,
placed in
Damaged Fuel
Containers
(DFCs))

Cladding Type ZR ZR ZR ZR

Maximum Initial As specified in As specified in As specified in As specified in
Planar-Average Table 2.1.4/or Table 2.1.4for the Table 2.1.4for Table 2.1.4 for
Enrichment per the applicable applicable array/class 6x6B array/class
Assembly and Rod array/class array/class 6x6B
Enrichment

Post-irradiation Cooling time > Cooling time > 18 Cooling time > 18 Cooling time >
Cooling Time, 18 years and years and average years and average 18 years and
Average Burnup, and average burnup burnup < 30,000 burnup < 30,000 average burnup
Minimum Initial < 30,000 MWD/MTU. MWD/MTIHM. < 30,000
Enrichment per MWD/MTU. MWlD/MTJHM.
Assembly

Decay Heat Per Fuel < 115 Watts < 115 Watts < 115 Watts < 115 Watts
Storage Location

Fuel Assembly Length; < 135.0 in. < 135.0 in. < 135.0 in. < 135.0 in.
(nominal (nominal design) (nominal design) (nominal
design) design)

Fuel Assembly Width < 4.70 in. < 4.70 in. (nominal < 4.70 in. < 4.70 in.
(nominal design) (nominal design) (nominal
design) design)

Fuel Assembly Weight < 400 lbs, < 550 lbs, < 400 lbs, < 550 lbs,
(including (including (including (including
channels) channels and DFC) channels) channels and

DFC)
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Table 2.1.19 (cont'd)

LIMITS FOR MATERIL TO BE STORED INMPC-68F

PARAMETER VALUE

OtherLimitations A Quantity is limited to up to four (4) DFCs containing Dresden Unit
1 orHumboldtBay uranium oxide or MOXfuel debris. The
remainingfuel storage locations may be filled with array/class
6x6A, 6x6B, 6x6C, 7x7A, and 8x8A fuel assemblies of the

following type, as applicable:

- uranium oxide BWR intactfuel assemblies

- MOXBWR intact fuel assemblies

- uranium oxide BWR damagedfuel assemblies in DFCs

- MOXBWR damagedfuel assemblies in DFCs

- up to one (1) Dresden Unit 1 thoria rod canister meeting the
specif cations listed in Table 2.1.12.

J Stainless steel channels are not permitted.

Dresden Unit I fuel assemblies with one antimony-beryllium
neutron source are permitted. The antimony-beryllium neutron
source material shall be in a water rod location.

Notes:

1. A fuel assembly must meet the requirements of any one column and the other limitations to be
authorizedfor storage.

2. Only fuelfrom the Dresden Unit I and Humboldt Bay plants are permittedfor storage in the MPC- -
68F.
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Table 2.1.20

LIMITS FOR AM TERIAL TO BE STORED IN MPC-24E

IPARAMETER VALUE (Note 1)

Fuel Type Uranium oxide PWR intact Uranium oxide P WR
fuel assemblies meeting the damagedfuel assemblies
limits in Table 2.1.3 for the meeting the limits in Table
applicable array/class 2.1.3 for the applicable

array/class, placed in a
Damaged Fuel Container

._ _(DFC)

Cladding Type ZR or Stainless Steel (SS) ZR or Stainless Steel (SS)
assemblies as specified in assemblies as specified in
Table 2.1.3 for the applicable Table 2.1.3 for the applicable
array/class array/class

Maximum Initial Enrichment per As specified in Table 2.1.3 for As specified in Table 2.1.3
Assembly the applicable array/class for the applicable array/class

Post-irradiation Cooling Time, and ZR clad: As specifled in ZR clad: As specified in
Average Burnup perAssembly Section 2.1.9.1 Section 2.1.9.1

SS clad: > 8yrs and SSclad: >8yrsand
< 40,000 MWD/MTU < 40, 000 MWD/MTU

Decay Heat Per Fuel Storage ZR clad: As specified in ZR clad: As specified in
Location Section 2.1.9.1 Section 2.1.9.1

SSclad: <710 Watts SSclad: < 710 Watts

Non-fuel hardware post-irradiation As specified in Table 2.1.25 As specified in Table 2.1.25
Cooling Time and Burnup .__

Fuel Assembly Length < 176.8 in. (nominal design) < 176.8 in. (nominal design)

Fuel Assembly Width < 8.54 in. (nominal design) < 8.54 in. (nominal design)

Fuel Assembly Weight < 1680 lbs (including non- < 1680 lbs (including DFC
fuel hardware) and non-fuel hardwvare)
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Table 2.1.20 (cont'd)

LIMITS FOR MATERIAL TO BE STORED IN MPC-24E

PARAMETER VAL UE

OtherLimitations ' Quantity is limited to up to 24 PWR intactfuel
assemblies or up to four (4) damagedfuel assemblies
in DFCs may be stored in fuel storage locations 3, 6,
19, and/or 22. The remaining fuel storage locations
may be filled with intactfuel assemblies.

' Fuel debris and neutron sources are not authorized
for storage in the MPC-24E.

' BPRAs, TPDs, WABAs, water displacement guide
tube plugs, orifice rod assemblies, and/or vibration
suppressor inserts may be stored with fuel assemblies,
in an fuel cell location.
CRAs, RCCAs, CEAs, and/orAPSRs may be stored
withfuel assemblies in fuel cell locations 9, 10, 15,
and/or 16.

" Soluble boron requirements during wet loading and
unloading are specified in Table 2.1.14.

Notes:

1. A fuel assembly must meet the requirements of any one column and the other limitations to be
authorizedfor storage.
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Table 2.1.21

LIMITS FOR MATERIAL TO BE STORED IN MPC-32

IPARAMETER VALUE (Note 1)

Fuel Type Uranium oxide, PWR intact Uranium oxide, PWR
fuel assemblies meeting the damagedfuel assemblies
limits in Table 2.1.3 for the meeting the limits in Table
applicable fuel assembly 2.1.3 for the applicable fuel
array/class. assembly array/class.

Cladding Type ZR or Stainless Steel (SS) ZR or Stainless Steel (SS)
assemblies as specified in assemblies as specified in
Table 2.1.3 for the applicable Table 2.1 .3 for the applicable
array/class array/class

Maximum Initial Enrichment per As specified in Table 2.1.3 for As specified in Table 2.1.3 for
Assembly the applicable fuel assembly the applicable fuel assembly

array/class array/class

Post-irradiation Cooling Time and ZR clad: As specified in ZR clad: As specified in
Average Burnup perAssembly Section 2.1.9.1 Section 2.1.9.1

SS clad: > 9 years and SS clad: > 9 years and
< 30,000 MWD/MfTU or < 30, 000 MWD/MTU or
> 20 years and < 40,000 > 20 years and < 40,000

MWD/MATU MWD/ATUM

Decay Heat Per Fuel Storage ZR-clad: As specified in ZR-clad: As specified in
Location Section 2.1.9.1 Section 2.1.9.1

SS-clad: < 500 Watts SS-clad: < 500 Watts

Non-fuel hardware post-irradiation As specified in Table 2.1.25 As specified in Table 2.1.25
cooling time and burnup

Fuel Assembly Length < 176.8 in. (nominal design) < 176.8 in. (nominal design)

Fuel Assembly Width < 8.54 in. (nominal design) < 8.54 in. (nominal design)

Fuel Assembly Weight < 1, 680 lbs (including non- < 1, 680 lbs (including DFC
fuel hardware) and non-fuel hardware)
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Table 2.1.21 (cont'd)

LIMITS FOR MATERIAL TO BE STORED IN MPC-32

PARAMETER VALUE
OtherLimits Quantity is limited to up to 32 PWR intactfuel assemblies

and/or up to eight (8) damagedfuel assemblies in DFCs in
fuel cell locations 1, 4, 5, 10, 23, 28, 29, and/or 32, with the
balance intactfuel assemblies up to a total of32.

g Fuel debris and neutron sources are not permittedfor
storage in MPC-32.
BPRAs, TPDs, WABAs, water displacement guide tube plugs,
orifice rod assemblies, and/or vibration suppressor inserts
may be stored withfuel assemblies in anyfuel cell location.

= CRAs, RCCAs, CEAs, and/or APSRs may be stored with fuel
assemblies in fuel cell locations 13, 14, 19, and/or 20.
Soluble boron requirements during wet loading and
unloading are specified in Table 2.1.16.

NOTES:

1. A fuel assembly must meet the requirements of any one column and the other limitations to be
authorizedfor storage.
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Table 2.1.22

LIMITS FOR MATERIAL TO BE STORED INMPC-68FF

PARAMETER VALUE (Note 1)
Fuel Type Uranium oxide or AMOXB WR Uranium oxide or MOXB WR

intactfuel assemblies meeting the damagedfuel assemblies orfuel
limits in Table 2.1.4for the debris meeting the limits in Table
applicable array/class, with or 2.1.4for the applicable
without channels. array/class, with or without

channels, in DFCs.
Cladding Type ZR or Stainless Steel (SS) ZR or Stainless Steel (SS)

assemblies as specified in Table assemblies as specified in Table
2.1.4for the applicable 2.1.4for the applicable

. array/class array/class
Maximum Initial Planar Average As specified in Table 2.1.4for the PlanarAverage:
Enrichment per Assembly and applicablefuel assembly
Rod Enrichment array/class < 2.7 wt% 235Ufor array/classes

6x6A, 6x6B, 6x6C, 7x7A, and
8x8A;

< 4.0 wt% 235Ufor all other
array/classes

Rod:

As specified in Table 2.1.4
Post-irradiation cooling time and ZR clad: As specified in Section ZR clad: As specified in Section
average burnup perAssembly 2.1.9.1; except as provided in 2.1.9.1; except as provided in

Notes 2 and 3. Notes 2 and 3.

SS clad: Note 4 SS clad: Note 4.
Decay Heat Per Fuel Storage ZR clad: As specified in Section ZR clad: As specified in Section
Location 2.1.9.1; except as provided in 2.1.9.1; except as provided in

Notes 2 and 3. Notes 2 and 3.

SS clad: < 95 Watts SS clad: < 95 Watts
Fuel Assembly Length Array/classes 6x6A, 6x6B, 6x6C, Array/classes 6x6A,6x6B, 6x6C,

7x7A, and 8xWA: < 135.0 in. 7x7A, and Wx8A: < 135.0 in.
(nominal design) (nominal design)

All Other array/classes: All Other array/classes:
< 176.5 in. (nominal design) < 1 76.5 in. (nominal design)
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Table 2.1.22 (cont'd)

LIMITS FOR MATERIAL TO BE STORED INMPC-68FF

PARAMETER VALUE (Note 1)

FuelAssembly Array/classes 6x6A, 6x6B, 6x6C, 7x7A, Array/classes 6x6A, 6x6B, 6x6C, 7x7A,
Width and 8x8A: < 4.7 in. (nominal design) and 8x8A: <4.7 in. (nominal design) -,

All Other array/classes: All Other array/classes:

:5< 5.85 in. (nominal design). <5.85 in. (nominal design)
Array/classes 6x6A, 6x6B, 6x6C, 7x7A, Array/classes 6x6A, 6x6B, 6x6C, 7x7A,

Weight and 8x8A: < 550 lbs. (including and 8x8A: < 550 lbs. (including
W channels) channels and DFC)

All Other array/classes:. All Other array/classes:

< 700 lbs. (including channels) < 700 lbs. (including channels and
DFC)

Other Limitations Quantity is limited to up to one (1) Up to eight (8) Dresden Unit 1 or
Humboldt Bay fuel assemblies classified asfuel debris in DFCs, and any
combination ofDresden Unit 1 or Humboldt Bay damagedfuel assemblies in
DFCs and intactfuel assemblies up to a total of 68.

Up to 16 damagedfuel assemblies and/or up to eight (8) fuel assemblies
classified asfuel debris from plants other than Dresden Unit 1 or Humboldt
Bay may be stored in DFCs in MPC-68FF. DFCs shall be located only in fuel
cell locations 1, 2, 3, 8, 9, 16, 25, 34, 35, 44, 53, 60, 61, 66, 67, and/or 68, with
the balance comprised of intact fuel assemblies meeting the above
specifications, up to a total of 68.

N SS-cladfuel assemblies with stainless steel channels must be stored in fuel cell
locations 19 through 22, 28 through 31, 38 through 41, and/or 47 through 50.

. Dresden Unit 1 fuel assemblies with one antimony-beryllium neutron source
are permitted. The antimony-beryllium neutron source material shall be in a
water rod location.,

NOTES:
1. A fuel assembly must meet the requirements of any one column and the other limitations to be

authorizedfor storage.

2. Array/class 6x6A, 6x6B, 6x6C, 7x7A, and 8x8A fuel assemblies shall have a cooling time > 18 years,
an average burnup < 30,000 MWD/MTU, and a maximum decay heat < 115 Watts.

3. Array/class 8x8Ffuel assemblies shall have a cooling time > 10 years, an average burnup < 27,500
MWD/MTU, and a maximum decay < 183.5 Watts.

4. SS-cladfuel assemblies shall have a cooling time > 10 years, and an average burnup < 22,500
MWD/MTU.

HI-STORM FSAR
REPORT H1-2002444

Proposed Rev. 2C
2.145:



Table 2.1.23

LIMITS FOR MA TERIAL TO BE STORED INMPC-24EF

PARAMETER VALUE (Note )

Fuel Type Uranium oxide PWR intact Uranium oxide PWR
fuel assemblies meeting the damagedfuel assemblies
limits in Table 2.1.3 for the and/or fuel debris meeting
applicable array'class the limits in Table 2.1.3 for

the applicable array/class,
placed in a Damaged Fuel
Container (DFC)

Cladding Type ZR or Stainless Steel (SS) ZR or Stainless Steel (SS)
assemblies as specified in assemblies as specified in
Table 2.1.3 for the applicable Table 2.1.3 for the applicable
array/class array/class

Maximum Initial Enrichment per As specified in Table 2.1.3 for As specified in Table 2.1.3
Assembly the applicable array/class for the applicable array/class

Post-irradiation Cooling Time, and ZR clad: As specified in ZR clad: As specified in
Average BurnupperAssembly Section 2.1.9.1 Section 2.1.9.1

SSclad: >8yrsand SSclad: > 8yrsand
< 40,000 MWD/MTU < 40, 000 MWDIMI'U

Decay Feat Per Fuel Storage ZR clad: As specified in ZR clad: As specified in
Location Section 2.1.9.1 Section 2.1.9.1

SS clad: < 710 Watts SS clad: < 710 Watts

Non-fuel hardware.post-irradiation As specified in Table 2.1.25 As specified in Table 2.1.25
Cooling Time and Burnup

Fuel Assembly Length < 176.8 in. (nominal design) < 176.8 in. (nominal design)

Fuel Assembly Width < 8.54 in. (nominal design) < 8.54 in. (nominal design)

FuelAssembly Weight < 1680 lbs (including non- < 1680 lbs (including DFC
fuel hardware) and non-fuel hardware)
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Table 2.1.23 (cont'd)

LIMAhV FOR MATERIAL TO BE STORED INMPC-24EF

PARAMETER. VALUE

OtherLimiations Quantity per MPC: up to 24 PWR intact fuel
assemblies or up to four (4) damaged fuel assemblies
and/or fuel classified as fuel debris in DFCs may be
stored in fuel storage locations 3, 6, 19, and/or 22.
The remaining fuel storage locations may be filled
with intact fuel assemblies.
Neutron sources are not authorizedfor storage in the
MPC-24EF.

- BPRAs, TPDs, WABAs, water displacement guide
tube plugs, orifice rod assemblies, and/or vibration
suppressor inserts may be stored with fuel assemblies
in any fitel cell location.
CRAs, RCCAs, CEIs, and/orAPSRs may be stored
with fuel assemblies in fuel cell locations 9, 10,15,
and/or 16.

' Soluble boron requirements during wet loading and
unloading are specified in Table 2.1.14.

Notes: I

1. A fuel assembly must meet the requirements of any one column and the other limitations to be authorized
for storage.

HI-STORM FSAR
REPORT HI-2002444

Proposed Rev. 2C
2.1 47



I I I

Table 2.1.24

lIMiTS FOR MAITERJAL TO BE STORED INMPC-32F

PARAMETER VALUE (Note 1)

Fuel Type Uranium oxide, PWR intact fuel Uranium oxide, PWR damaged
assemblies meeting the limits in fuel assemblies andfuel debris in
Table 2.1.3 for the applicable DFCs meeting the limits in Table
fuel assembly array/class 2.1.3 for the applicable fuel

assembly array/class

Cladding Type ZR or Stainless Steel (SS) as ZR or Stainless Steel (SS) as
specif ed in Table 2.1.3 for the specified in Table 2.1.3 for the
applicable fuel assembly applicable fuel assembly
array/class array/class

Maxim= Initial Enrichmentper As specified in Table 2.1.3 As specified in Table 2.1.3
Assembly

Post-irradiation Cooling rune, ZR clad: As specified in Section ZR clad: As specified in Section
Average Burnup, and Minimum 2.1.9.1 2.1.9.1
Initial Enrichment per Assembly

SS clad: > 9years and < 30,000 SSclad: >9 years and < 30,000
MAWD/MlU or > 20years and < MWD/MTU or > 20 years and <
40,000MWD/MrU 40,00DMWD/MTU

Decay Heat Per Fuel Storage ZR clad: As specified in Section ZR clad: As specified in Section
Location 2.1.9.1 2.1.9.1

SS clad: < 500 Watts SS clad: < 500 Watts

Non-fuel hardware post-
irradiation Cooling Time and As specified in Table 2.1.25 As specified in Table 2.1.25
Burnup

FuelAssemblyLength < 176.8 in. (nominal design) < 176.8 in. (nominal design)

Fuel Assembly Width < 8.54 in. (nominal design) < 8.54 in. (nominal design)

Fuel Assembly Weight < 1.680 lbs (including non-fuel < 1, 680 lbs (including DFC and
hardware) non-fuel hardware)
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Table 2.1.24 (cont 'd)

LIMITS FOR MATERIAL TO BE STORED INMPC-32F

PARAMETER VALUE
OtherLimitations, Quantity is limited to up to 32 PWR intact

fuel assemblies and/or up to eight (8)
damaged fuel assemblies in DFCs in fuel
cell locations 1, 4, 5, 10, 23, 28, 29, and/or
32, with the balance intact fuel assemblies
up to a total of32.
Neutron sources are not permittedfor
storage in MPC-32.

, BPRAs, TPDs, WABAs, water displacement
guide tube plugs, orifice rod assemblies,
and/or vibration suppressor inserts may be
stored with fuel assemblies in any fuel cell
location.
CRAs, RCCAs, CEAs, and/orAPSRs may
be stored with fuel assemblies in fuel cell
locations 13, 14, 19, and/or 20.
Soluble boron requirements during wet
loading and unloading are specified in
Table 2.1.16.

NOTES:

1. A fuel assembly must meet the requiremnents of any one column and the other limitations to be
authorizedfor storage.

ID-STORM FSAR
REPORT -11-2002444

Proposed Rev. 2C
2.1-49



Table 2.1.25

NON-FUEL HARDWARE BURNUP AND COOLING TIAM LIMITS (Notes 1, 2, and 3)

Guide Tube Control
Inserts Hardware Component
(Note 4) (Note 5) (Note 6) APSR

Post-irradiaton Maximum Maximum Maximum Maximum
Cooling Tnie Burnup Burnup Burnup Burnup

OMf) AWDMTO (W"IMTO (MT (MWD/IMD

> 3 < 24,635 N/A (Note 7) N/A N/A

> 4 < 30,000 < 20,000 N/A N/A

> 5 < 36,748 < 25,000 < 630,000 < 45,000

> 6 < 44,102 < 30,000 - < 54,500

> 7 < 52,900 < 40,000 - < 68,000

> 8 < 60,000 < 45,000 - < 83,000

> 9 - 50,000 - < 111,000

>10 _ <60,000 - 180,000

> 11 _ <75,000 - < 630,000

> 12 < 90,000 _ _ _

> 13 _ <180,000 _

> 14 < 630,000 _

NOTES:

1. Burnups for non-fuel hardware are to be determined based on the burnup and uranium mass of
the fuel assemblies in which the component was inserted during reactor operation.

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

3. Applicable to uniform loading and regionalized loading.

4. Includes Burnable Poison RodAssemblies (BPRAs), WetAnnularBurnableAbsorbers (WABAs),
and vibration suppressor inserts.

5. Includes Thimble Plug Devices (TPDs), water displacement guide tube plugs, and orifice rod
assemblies.

6. Includes Control Rod Assemblies (CRAs), Control Element Assemblies (CEAs), and Rod Cluster
Control Assemblies (RCCAs).

7. N/A means not authorizedfor loading at this cooling time.
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Table 2.1.26

MAIMUMALLOWABLEDECA YIEATPER FUEL STORAGE LOCATION
(UNIFORMLOADING, ZR-CLAD)

MPCModel - I DecayHeat perFuelAssembly
- (k"f9

MPC-24/24E/24EF < 1.583 -

MPC-32/32F < 1.1875

MPC-68/68FF < 0.522

Il
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Table 2.1.27

MPC FUEL STORA GE REGIONS ANVD MAMIUMDECAYHEAT

Number of Fuel Storage Number of Fuel Storage Maximum Decay
MPCModel Locations in Region I Locations in Region 2 HeatperMPC, Q

__ (NzRegn) (LoNR^ 2) (kw)

MPC- 4 20 38
24/24E/24EF

AMPC-32/32F 12 20 38

MPC-68/68FF 32 36 35.5
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2.2 HI-STORM 100 DESIGN CRITERIA

The HI-STORM 100 System is engineered for unprotected outside storage for the duration of its
design life. Accordingly, the cask system is designed to withstand normal, off-normal, and
environmental phenomena and accident conditions of storage.,Normal conditions include the
conditions that are expected to occur regularly or frequently in the course of normal operation. Off-
normal conditions include those infrequent events that could reasonably be expected to occur during
the lifetime of the cask system. Environmental phenomena and accident conditions include events
that are postulated because their consideration establishes a conservative design basis.

Normal condition loads act in combination with all other loads (off-normal or environmental
phenomena/accident). Off-normal condition loads and environmental phenomena and accident
condition loads are not applied in combination. However, loads that occur as a result of the same
phenomena are applied simultaneously. For example, the tornado winds loads are applied in
combination with the tornado missile loads.

In the following subsections, the design criteria are established for normal, off-normal, and accident
conditions for storage. Loads that require consideration under each condition are identified and the
design criteria discussed. Based on consideration of the applicable requirements of the system, the
following loads are identified:

Normal (Loniz-Term Storaize) Condition: Dead Weight, Handling, Pressure, Temperature, Snow

Off-Normal Condition: Pressure, Temperature, Leakage of One Seal, Partial Blockage of Air Inlets,
Off-Normal Handling of HI-TRAC

Accident Condition: Handling Accident, Tip-Over, Fire, Partial Blockage of MPC Basket Vent
Holes, Tornado, Flood, Earthquake, Fuel Rod Rupture, Confinement Boundary Leakage, Explosion,
Lightning, Burial Under Debris, 100% Blockage of Air Inlets, Extreme Environmental Temperature

Short-Term Operations: This loading condition is defined to accord with ISG-J1, Revision 3
guidance [2.0.8]. This includes those normal operational evolutions necessary to support fuel
loading or unloading activities. These include, but are not limited to MPC cavity drying, helium
backfill, MPC transfer, and on-site handling of a loaded HI-TRAC transfer cask

Each of these conditions and the applicable loads are identified with applicable design criteria
established. Design criteria are deemed to be satisfied if the specified allowable limits are not
exceeded.
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2.2.1 Normal Condition Design Criteria

2.2.1.1 Dead Weight

The HI-STORM 100 System must withstand the static loads due to the weights of each of its
components, including the weight of the HI-TRAC with the loaded MPC atop the storage overpack.

2.2.1.2 Handling

The HI-STORM 100 System must withstand loads experienced during routine handling. Normal
handling includes:

i. vertical lifting and transfer to the ISFSI of the rn-STORM overpack with loaded
MPC

ii. lifting, upending/downending, and transfer to the ISFSI ofthe HI-TRAC with loaded
MPC in the vertical or horizontal position

iii. lifting of the loaded MPC into and out of the Hl-TRAC, HI-STORM, or rn-STAR
overpack

The loads shall be increased by 15% to include any dynamic effects from the lifting operations as
directed by CMAA #70 [2.2.16].

Handling operations of the loaded rn-TRAC transfer cask or HI-STORM overpack are limited to
working area ambient temperatures greater than or equal to 00F. This limitation is specified to ensure
that a sufficient safety margin exists before brittle fracture might occur during handling operations.
Subsection 3.1.2.3 provides the demonstration of the adequacy of the HI-TRAC transfer cask and the
rI-STORM overpack foruse dunng handling operations at a minimum service temperature of 0° F.

Lifting attachments and devices shall meet the requirements of ANSI N14.6t [2.2.3].

2.2.1.3 Pressure

The MPC internal pressure is dependent on the initial volume of cover gas (helium), the volume of
fill gas in the fuel rods, the fraction of fission gas released from the fuel matrix, the number of fuel
rods assumed to have ruptured, and temperature.

The normal condition MPC internal design pressure bounds the cumulative effects of the maximum
fill gas volume, normal environmental ambient temperatures, the maximum MPC heat load, and an
assumed 1% of the fuel rods ruptured with 100% of the fill gas and 30% of the significant
radioactive gases (e.g., H3 , Kr, and Xe) released in accordance with NUREG-1536.

t:Yield and ultimate strength values used in the stress compliance demonstration per ANSI N14.6 shall utilize
confirmed material test data through either independent coupon testing or material supplic=es CMTR or COC, as
appropriate. To ensure consistency between the design and fabrication of a lifting component, compliance with
ANSI N14.6 in this FSAR implies that the guidelines of ASME Section Im, Subsection NF for Class 3 structures are
followed for material procurement and testing, fabrication, and for NDE during manufacturing.
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Table 2.2.1 provides the design pressures for the MI-STORM 100 System.

For the storage of damaged fuel assemblies or fuel debris in a damaged fuel container, it is;
conservatively assumed that 100% of the fuel rods are ruptured with 100% of the rod fill gas and
30% of the significant radioactive gases (e.g., H , Kr, and Xe) released for both normal and off-
normal conditions. For PWR assemblies stored with non-fuel hardware, it is assumed that 100% of
the gasses in the non-fuel hardware (e.g., BPRAs) is also released. This condition is bounded by the
pressure calculation for design basis intact fuel with 100% of the fuel rods ruptured in all ofthe fuel
assemblies. It is shown in Chapter 4 that the accident condition design pressure is not exceeded with
100% ofthe fuel rods ruptured in all ofthe design basis fuel assemblies. Therefore, rupture of 100%
of the fuel rods in the damaged fuel assemblies or fuel debris will not cause the MPC internal
pressure to exceed the accident design pressure.

The WPC internal design pressure under accident conditions is discussed in Subsection 2.23.

The HI-STORM overpack and MPC external pressure is a function of environmental conditions
which may produce a pressure loading. The normal and off-normal condition external design
pressure is set at ambient standard pressure (1 atmosphere).

The HI-STORM overpack is not capable of retaining internal pressure due to its open design, and,
therefore, no analysis is required or provided for the overpack internal pressure.

The HI-TRAC is not capable of retaining internal pressure due to its open design and, therefore,
ambient and hydrostatic pressures are the only pressures experienced. Due to the thick steel walls of
the H1-TRAC transfer cask, it is evident that the small hydrostatic pressure can be easily withstood;
no analysis is required or provided for the HI-TRAC internal pressure. However, the HI-TRAC
waterjacket does experience internal pressure due to the heat-up ofthe water contained in the water
jacket. Analysis is presented in Chapter 3 that demonstrates that the design pressure in Table 2.2.1
can be withstood by the waterjacket and Chapter 4 demonstrates by analysis that the waterjacket
design pressure will not be exceeded. To provide an additional layer of safety, a pressure relief
device set at the design pressure is provided, which ensures the pressure will not be exceeded.

2.2.1.4 Environmental Temperatures

To evaluate the long-term effects of ambient temperatures on the HI-STORM 100 System, an upper
bound value on the annual average ambient temperatures for the continental United States is used.
The normal temperature specified in Table 2.2.2 is bounding for all reactor sites in the contiguous
United States. The "normal" temperature set forth in Table 2.2.2 is intended to ensure that it is
greater than the annual average of ambient temperatures at any location in the continental United.
States. In the northern region of the U.S., the design basis "normal" temperature used in this FSAR
will be exceeded only for brief periods, whereas in the southern U.S, it may be straddled daily in
summer months. Inasmuch as the sole effect of the "normal" temperature is on the computed fuel
cladding temperature to establish long-term fuel integrity, it should not lie below the time averaged
yearly mean for the ISFSI site. Previously licensed cask systems have employed lower "normal"
temperatures (viz. 750 F in Docket 72-1007) by utilizing national meteorological data.
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Likewise, within the thermal analysis, a conservatively assumed soil temperature of the value
specified in Table 2.2.2 is utilized to bound the annual average soil temperatures for the continental
United States. The 1987 ASHRAE Handbook (HVAC Systems and Applications) reports average
earth temperatures, from 0 to 10 feet below grade, throughout the continental United States. The
highest reported annual average value for the continental United States is 770 F for Key West,
Florida. Therefore, this value is specified in Table 2.2.2 as the bounding soil temperature.

Confirmation of the site-specific annual average ambient temperature and soil temperature is to be
performed by the licensee, in accordance with IOCFR72.212. The annual average temperature is
combined with insolation in accordance with IOCFR71.71 averaged over 24 hours to establish the
normal condition temperatures in the HI-STORM 100 System.

2.2.1.5 Design Temperatures

The ASME Boiler and Pressure Vessel Code (ASME Code) requires that the value of the vessel
design temperature be established with appropriate consideration for the effect of heat generation
internal or external to the vessel. The decay heat load from the spent nuclear fuel is the internal heat
generation source for the HI-STORM 100 System. The ASME Code (Section m, Paragraph NCA-
2142) requires the design temperature to be set at or above the maximum through thickness mean
metal temperature of the pressure part under normal service (Level A) condition. Consistent with the
terminology ofNUREG-1536, we refer to this temperature as the "Design Temperature forNormal
Conditions". Conservative calculations of the steady-state temperature field in the HI-STORM 100
System, under assumed environmental normal temperatures with the maximum decay heat load,
result in HI-STORM component temperatures at or below the normal condition design temperatures
for the HI-STORM 100 System defined in Table 2.2.3.

Maintaining fuel rod cladding integrity is also a design consideration. The maximum-fuel rodpea*
cladding temperature (PC7) limits for the long-term storage and short-term normal operating
conditions meet the intent of the guidance in ISG-I l, Revision 3 [2.0.8]. For moderate burnup fuel,
the previously licensed PCT limit of 570TC (1058"F) may be used [2.0.9] (see also Section 4.5).
calelateduby the DCCG (Diffuisi`n-ontroled Cavity Growth) methodology -u dirteLth
repor 22 oIi-wrdame 913.-Hewever,- r6co 0r-vati esefi& Nmethodolof
outlid rin eport[2.0.-31r e agtem i
the-permissioleuel M ladming-temperatimi-shich-are-usedetermine-the-allowablend eI
der~ayteai lad ful _l Sade-&Peait e0nni
EPRI-reprt .2.1-3ae-g& teha at4hong-terma llowableZiraloy-fuel addingtemperature
limits-He-ever; in-thl-FSA-theoag-term e flcdntmperature 4imIts _ar
conservativel applied to the-stainless-steek lad-fueL-The-short-term-temperaturelimits-foo Zirealoy
andstainless-steeOarit2a nd[e .,rsete let
description the -maximumfuel-rod-eladding-temper-a t4imits-determination-is-provided-in
Section13-.
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2.2.1.6 Snow and Ice

The Il-STORM 100 System must be capable of withstanding pressure loads due to snow and ice.
ASCE 7-88 (formerly ANSI A58.1) [2.2.2] provides empirical formulas and tables to compute the
effective design pressure on the overpack due to the accumulation of snow for the contiguous U.S.
and Alaska. Typical calculated values for heated structures such as the rn-STORM 100 System
range from 50 to 70 pounds per square foot. For conservatism, the snow pressure loading is set at a
level in Table 2.2.8 which bounds the ASCE 7-88 recommendation.

2.2.2 Off-Normal Conditions Design Criteria

As the HI-STORM 100 System is passive, loss of power and instrumentation failures are not defined
as off-normal conditions. The off-normal condition design criteria are defined in the following
subsections.

A discussion of the effects of each off-normal condition is provided in Section 11.1. Section 11.1'
also provides the corrective action for each off-normal condition. The location of the detailed
analysis for each event is referenced in Section 11.1.

2.2.2.1 Pressure

The rn-STORM 100 System must withstand loads due to off-normal pressure. The off-normal
condition MPC internal design pressure bounds the cumulative effects of the maximum fill gas'
volume, off-normal environmental ambient temperatures, the maximum MPC heat load, and an
assumed 10% of the fuel rods ruptured with 100% of the fill gas and 30% of the significant
radioactive gases (e.g.,'113 ,Kr, and Xe)'released in accordance'with NUREG-1536. For'
Gonservati design _n _ _ d _ _ _ *eal and off normal-
Genditions.Therefore 4he ornmal and orna-eonditionAP-intemalpessures-are-setiqualir
analysis'purposes

2.2.2.2: - Environmental Temperatures

The HI-STORM 100 System must withstand off-normal environmental temperatures. The off-
normal environmental temperatures are specified in Table 212.2. The lower bound temperature
occurs with no solar loads and the upper bound temperature occurs with steady- state insolation.
Each bounding temperature is assumed to persist for a duration sufficient to allow the system to
reach steady-state temperatures.

Limits on the peaks in the time-varying ambient temperature at an ISFSI site is recognized in the
FSAR in the specification ofthe off-normal temperatures. The lower bound off-normal temperature
is defined as the minimum of the :72-houi average of the ambient temperature 'at an ISFSI site.
Likewise, the upperbound off-normal temperature is defined by the maximum of 72-hour average of
the ambient temperature. The lower and upperbound off-normal temperatures listed in Table 2.2.2
are intended to cover all ISFSI sites in the continent U.S. The 72-hour average of temperature used
in the definition ofthe off-normal temperature recognizes the considerable thermal inertia ofthe H-
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STORM 100 storage system which reduces the effect ofundulations in instantaneous temperature on
the internals of the multi-purpose canister.

2.2.2.3 Design Temperatures

In addition to the normal condition design temperatures which apply to long-term storage andshort
term normal operating conditions (eg., MPC drying operations and onsite transport operations), we
also define an "off-normal/accident condition temperature pursuant to the provisions of NUREG-
1536 and Regulatory Guide 3.61. This is, in effect, the short-term-temperature which may exist
during a aH o-state-or a transient event (examples of such instances are short-term mperature
ex(;u dwn A aitevcu, dPing andbadkfi gprainsgransitien-ta*he overpack
blocked air duct off-normal event. and fire acciden ent . The off-normal/accident
design temperatures of Table 2.23 are set down to bound the maximax (maximum in time and
space) value of the thru-thickness average temperature of the structural or non-structural part, as
applicable, during the transienta-sheot-term event. These enveloping values, therefore, will bound
the maximum temperature reached anywhere in the part, excluding skin effects during or
immediately after, a short-termtransient event.

2.2.2.4 Leakage of One Seal

The MPC enclosure vessel has is designed to be leak tight under all normal, off-normal, and
hypothetical accident conditions ofstorage. Leakagefrmm the confinement boundary is not credible.
HI-STORNI-100-Syster-mustvwithstandleakage-ofone-sea--herdioatiematerial-ovnfinement
bGoundry-

The confinement boundary is defined by the MPC shell, baseplate, MPC lid, port cover plates, and
closure ring and associated welds. Most confinement boundary welds are inspected by radiography
or ultrasonic examination. Field welds are examined by the liquid penetrant method on the root (if
more than one weld pass is required) and final weld passes. In addition to liquid penetrant.
examination, the MPC lid-to-shell weld is-4eakage-tested,-hydrostatiepressure tested, and
volumetrically examined or multi-pass liquid penetrant examined. The vent and drain port cover
plates are subject toleakage-testedin-addition-to-the liquid penetrant examination. These inspection
and testing techniques are performed to verify the integrity of the confinement boundary.

Althoughleakage-of one seal is not a crcdibledceidentberausetheaMPC cnfeneme ?-
not-employseals,-a-nen-mechanistie1eak mfthe-onfinementbunday analyzed-asan-accident
eventin-Ghapter-44-

2.2.2.5 Partial Blockage of Air Inlets

The HI-STORM 100 System must withstand the partial blockage of the overpack air inlets. This
event is conservatively defined as a complete blockage of two (2) of the four air inlets. Because the
overpack air inlets -and outlets are covered by fine mesh steel screens, located 900 apart, and
inspected routinely (or alternatively, exit vent air temperature monitored), it is unlikely that all vents
could become blocked by blowing debris, animals, etc. during normal and off-normal operations.
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Two of the air inlets are conservatively assumed to be completely blocked to demonstrate the
inherent thermal stability of the HI-STORM 100 System.

2.2.2.6 Off-Normal HI-TRAC Handlin -

During upending and/or downending of the HI-TRAC 100 or HI-TRAC 125 transfer cask, the total
lifted weight is distributed among both the upper lifting trunnions and the lower pocket trunnions.
Each of the fourtrunnions on the HI-TRAC therefore supports approximately one-quarter of the total
weight. This even distribution of the load would continue'during the entire rotation operation. The'
HI-TRAC 1 25D transfer cask design does not include pocket trunnions. Therefore, the entire load is
held by the lifting-trunnions.

If the lifting device' cables begin to "go slack" while upending or downending the HI-TRAC 100 or
HI-TRAC 125, the'eccentricity of the pocket trunnions would immediately cause the cask to' pivot,.
restoring tension on the cables. Nevertheless, the pocket trunnions are conservatively analyzed to
support one-half of the total weight, doubling the load per trunnion. This condition is analyzed to
demonstrate that the pocket tninnions in the standard HI-TRAC design possess sufficient strength to
support the increased load under this off-normal condition.

2.2.3 Environmental Phenomena and Accident Condition Design Criteria

Environmental phenomena and accident condition design criteria are defined in the following
subsections.

The 'minimum acceptance criteria for the evaluation of the accident conditions are that the MPC
confinement boundary maintains radioa6tive material confinement, the MPC fuel basket structure
maintains the fuel contents subcritical, the stored SNF can be retrieved by normal means, and the'
system provides adequate shielding. '

A discussion of the effects of each environmental phenomenon and accident condition is provided in
Section .11.2. The consequences of each iaccident or environmental phenomenon are evaluated
against the requirements of IOCFR72.106 and IOCFR20. Section 11.2 also provides the corrective.
action for each event. The location of the detailed analysis'for each event is referenced in Section,
11.2.

2.2.3.1 Handling Accident

The HI-STORM 100 Systemnmust withstand loads'due to a handling accident. Even though the
loaded HI-STORM 100 System will be lifted in accordance with approved, written procedures and
may use'lifting equipment which complies with ANSI N14.6-1993 [2.2.3], certain drop events are
considered herein to demonstrate the defense-ini-depth features of the design.

The loaded HI-STORM overpack will be lifted so that the bottom of the cask is at a height less than
the vertical lift limit (see Table 2.2.8) above the ground. For conservatism, the postulated drop event
assumes that the loaded HI-STORM 100 overpack falls freely from the vertical lift limit height
before impacting a thick reinforced concrete pad. The deceleration of the cask must be maintained
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below 45 g's. Additionally, the overpack must continue to suitably shield the radiation emitted from
the loaded MPC. The use of lifting devices designed in accordance with ANSI N14.6 having
redundant drop protection features to lift the loaded overpack will eliminate the lift height limit. The
lift height limit is dependent on the characteristics of the impacting surface which are specified in
Table 2.2.9. For site-specific conditions, which are not encompassed by Table 2.2.9, the licensee
shall evaluate the site-specific conditions to ensure that the drop accident loads do not exceed 45 g's.
The methodology used in this alternative analysis shall be commensurate with the analyses in
Appendix 3.A and shall be reviewed by the Certificate Holder.

The loaded HI-TRAC will be lifted so that the lowest point on the transfer cask (i.e., the bottom edge
of the cask/lid assemblage) is at a height less than the calculated horizontal lift height limit (see
Table 2.2.8) above the ground, when lifted horizontally outside of the reactor facility. For
conservatism, the postulated drop event assumes that the loaded HI-TRAC falls freely from the
horizontal lift height limit before impact.

Analysis is provided that demonstrates that the HI-TRAC continues to suitably shield the radiation
emitted from the loaded MPC, and that the HI-TRAC end plates (top lid and transfer lid for HI-.
TRAC 100 and HI-TRAC 125 and the top lid and pool lid for HI-TRAC 125D) remain attached.
Furthermore, the HI-TRAC inner shell is demonstrated by analysis to not deform sufficiently to
hinder retrieval of the MPC. The horizontal lift height limit is dependent on the characteristics of the
impacting surface which are specified in Table 2.2.9. For site-specific conditions, which are not
encompassed by Table 2.2.9, the licensee shall evaluate the site-specific conditions to ensure that the
drop accident loads do not exceed 45 g's. The methodology used in this alternative analysis shall be
commensurate with the methodology described in this FSAR analyses-in-Appendix 3 .AN and shall be
reviewed by the Certificate Holder. The use of lifting devices designed in accordance with ANSI
N14.6 having redundant drop protection features during horizontal lifting of the loaded HI-TRAC
outside of the reactor facilities eliminate the need for a horizontal lift height limit.

The loaded HI-TRAC, when lifted in the vertical position outside of the Part 50 facility shall be
lifted with devices designed in accordance with ANSI N 14.6 and having redundant drop protection
features unless a site-specific, analysis has been performed to determine a lift height limit. For
vertical lifts of HI-TRAC with suitably designed lift devices, a vertical drop is not a credible
accident for the HI-TRAC transfer cask and no vertical lift height limit is required to be established.
Likewise, while the loaded HI-TRAC is positioned atop the HI-STORM 100 overpack for transfer of
the MPC into the overpack (outside the Part 50 facility), the lifting equipment will remain engaged
with the lifting trunnions of the HI-TRAC transfer cask or suitable restraints will be provided to
secure the HI-TRAC. This ensures that a tip-over or drop from atop the HI-STORM 100 overpack is
not a credible accident for the HI-TRAC transfer cask. The design criteria and conditions of use for
MPC transfer operations from the HI-TRAC transfer cask to the HI-STORM 100 overpack at a Cask
Transfer Facility are specified in the HI STORM 100 CoG, Appendix B, Section 3.5 and in
Subsection 2.3.3.1 of this FSAR.
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The loaded MPC is lowered into the HI-STORM or HI-STAR overpack or raised from the overpack
using the HI-TRAC transfer, cask and a MPC lifting system designed in accordance with ANSI
N14.6 and having redundant drop protection features. Therefore, the-possibility of a loaded MPC
falling freely from its highest elevation during the MPC transfer operations into the HI-STORM or.
HI-STAR overpacks is not credible.

The magnitude of loadings imparted to the HI-STORM 100 System due to drop events is heavily
influenced by the compliance characteristics of the impacted surface. Two "pre-approved" concrete -
pad designs for storing the HI-STORM 100 System are presented in Table 2.2.9. Other ISFSI pad
designs may be used provided the designs are reviewed by the Certificate Holder to ensure that
impactive and impulsive loads under accident events such as cask drop and non-mechanistic tip-over,
are less than the design basis limits when analyzed using the methodologies established in this
FSAR.

2.2.3.2 Tip-Over

The free-standing HI-STORM 100 System is demonstrated by analysis to remain kinematically
stable under the design basis environmental phenomena (tornado, earthquake, etc.). However,-the
HI-STORM 100 Goverpack and MPC shall also withstand impacts due to a hypothetical tip-over
event. The structural integrity of a loaded HI-STORM 100 System after a tip-over onto a reinforced
concrete pad is demonstrated by analysis. The cask tip-over is not postulated as an outcome of any
environmental phenomenon or accident condition. The cask tip-over is a non-mechanistic event.

The ISFSI pad for deploying a free-standing HI-STORM overpack must possess sufficient structural
stiffness to meet the strength limits set forth in the ACI Code selected by the ISFSI owner. At the
same time, the pad must be sufficientlycompliant such that the maximum deceleration under a tip-.,
over event is below the limit set forth in Table 3.1.2 of this FSAR.

During original licensing forthe HI-STORMAR 100 System, a single set of ISFSI pad and subgrade
design parameters (now labeled Set A) was established. Experience has shown that achieving a
maximum concrete compressive strength (at 28 days) of 4,200 psi can be difficult. Therefore, a
second set of ISFSI pad and subgrade design parameters (labeled Set B) has been developed. The
Set B ISFSI parameters, include a thinner concrete pad and less stiff subgrade, which allow for a
higher concrete compressive strength. Cask deceleration values for all design basis drop and tipover
events with the HI-STORM 100 and HI-STORM 100S overpacks have been verified to be less than
or equal to the design limit of 45 g's for both sets of ISFSI pad parameters.

The original set and the new set (Set B) of acceptable ISFSI pad and subgrade design parameters are.
specified in Table 2.2.9. Users may design their ISFSI pads and subgrade in compliance with either
parameter Set A or Set B. Alternatively,;users may design their site-specific ISFSI pads and
subgrade using any combination of design parameters resulting in a structurally competent pad that
meets the provisions of ACI-3 18 and also limits the deceleration of the cask to less than or equal to
45 g's for the design basis drop and tip-over events for the HI-STORM 100 and HI-STORM IOOS
overpacks. The structural analyses for site-specific ISFSI pad design shall be performed using
methodologies consistent with those describied in this FSAR, as applicable.
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If the HI-STORM 100 cask is deployed in an anchored configuration (HI-STORM 1OA), then tip-
over of the cask is structurally precluded along with the requirement of target compliance, which
warrants setting specific limits' on the concrete compressive' strength and subgrade Young's
Modulus. Rather, at the so-called high seismic sites (ZPAs greater than the limit set forth in the CoC
for free standing casks), the ISFSI pad must be sufficiently rigid to hold the anchor studs and
maintain the integrity of the fastening mechanism embedded in the pad during the postulated seismic
event. The ISFSI pad must be designed to minimize a physical uplift during extreme environmental
event (viz., tornado missile, DBE, etc.). The requirements on the ISFSI pad to render the cask
anchoring function under long-term storage are provided in Section 2.0.4.

2.2.3.3 Fire

The possibility of a fire accident near an ISFSI site is considered to be extremely remote due to the
absence of significant combustible materials. The only credible concern is related to a transport
vehicle fuel tank fire engulfing the loaded rI-STORM 100 overpack or HI-TRAC transfer cask
while it is being moved to the ISFSI.

The HI-STORM 100 System must withstand temperatures due to a fire event. The HI-STORM
overpack and HI-TRAC transfer cask fire accidents for storage are conservatively postulated to be
the result of the spillage and ignition of 50 gallons of combustible transporter fuel. The HI-STORM
overpack and HI-TRAC transfer cask surfaces are considered to receive an incident radiation and
forced convection heat flux from the fire. Table 2.2.8 provides the fire durations for the HI-STORM
100 overpack and HI-TRAC transfer cask based on the amount of flammable materials assumed. The
temperature of fire is assumed to be 14750 F in accordance with lOCFR71.73.

The accident condition design temperatures for the HI-STORM 100 System, and the fuel rod''
cladding limits are specified in Table 2.2.3. The specified fuel cladding temperature limits are based
on the shrt teFf m temperature limits specified in ISG- II, Rev. 3(2.0.9].report2 [2.2.13 and2..A5].

2.2.3.4 Partial Blockage of MPC Basket Vent Holes

The HI-STORM 100 System is designed to withstand reduction of flow area due to partial blockage
of the MPC basket vent holes. As the MPC basket vent holes are internal to the confinement barrier,
the only events that could partially block the vents are fuel cladding failure and debris associated
with this failure, or the collection of crud at the base of the stored SNF assembly. The HI-STORM
100 System maintains the SNF in an inert environment with fuel rod cladding temperatures below
accepted values (Table 2.2.3). Therefore, there is no credible mechanism for gross fuel cladding
degradation during storage in the HI-STORM 100. For the storage of damaged BWR fuel assemblies
or fuel debris, the assemblies and fuel debris will be placed'in damaged fuel containers prior to
placement in the MPC. The damaged fuel container is equipped with fine mesh screens which ensure
thatfthe damaged fuel and fuel debris will not escape to block the MPC basket vent holes. In
addition, each MPC will be loaded once for long-term storage and, therefore, buildup of crud in the
MPC due to numerous loadings is precluded. Using crud quantities reported in an Empire State
Electric Energy Research Corporation Report [2.2.6], a layer of crud of conservative depth' is
assumed to partially block the MPC basket vent holes. The crud depths for the different MPCs are
listed in Table 2.2.8.
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Table 2.2.3

DESIGN TEMPERATURES

g Tm Short Term Operations,Long Ter, NormaOff-Normal, and

HI-STORM 100 Component Condition Design Accident ConditionTemperature Limits Limits
(0 F) (F

MPC shell 450500 775
MPC basket 725 950
MPC Beal Neutron Absorber 800 950
MPC lid 550 775
MPC closure ring . 400 775 -

MPC baseplate 400 775
MPC Heat Conduction Elements - - 725 - 950
HI-TRAC inner shell 400 600
HI-TRAC pool lid/transfer lid -350 700
HI-TRAC top lid . 400 700
HI-TRAC top flange 400 .-700.
HI-TRAC pool lid seals 350 N/A
HI-TRAC bottom lid bolts 350 700
HI-TRAC bottom flange 350 700
HI-TRAC top lid neutron shielding -300 350.
HI-TRAC radial neutron shield 307 N/A
HI-TRAC radial lead gamma shield 350 -600
Remainder of HI-TRAC 350 700

752 or 1058-
(Short Term Operations)tt

Fuel Cladding 752 1058

(Off-normal andAccident
Conditions)

fu e eke adding (5 yeaf -691 (Pl 105
eeled) . 740(BWR.
Zir-6ale fuel cladding (6 year 676(P3zR)4

Zircaloy fuel cladding (7 year -63§(PIIR)
cooled)+ -669B _ __R)

For accident conditions that involve heating of the steel structures and no mechanical loading (such as the
blocked air duct accident), the permissible metal temperature of the steel parts is defined by Table IA of ASME
Section II (Part D) for Section 111, Class 3 materials as 7000 F. For the ISFSI fire event, the maximum
temperature limit for ASME Section I equipment is appropriate (8500F in Code Table IA).

t Normalshort term operations includes MPC drying and onsite transport per Reference [2.0.8]. The 1058°F
temperature limit applies to MPCs containing all moderate burnupfuel as discussed in Reference [2.0.9]. The
limitfor MPCs containing one or more high burnup fuel assemblies is 7520F. See also Section 4.3.

I
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Table 2.2.3 (continued)
DESIGN TEMPERATURES

Short Term Operations,CnLong Term, Normal Off-Normal, and

HI-STORM 100 Component Condition Design Accident Condition
o.o Temperature Limits Temperature. Limitst

( 0 F)F
Zircaloy fuel cladding (10 year 625(PWR)
eeele#4 l05B\U
Zirealey fuel cladding-(15year -614(PWR)
eeekd)- _ __46(BWR_

Zircaloy, fuel cladding (6 year 669 (PWR) 7402
4.5

cooled)a - - -ffZircaloy fuel cladding (6 year 660 (PIR) 71-6
eeeWed a (BWR) _

Zircaid ful cladding (7 year 635 (PWR) 6619
eeod) (_WR)

Zircaloy- fuel eladding (10 yea 611 (PUW) 6415
cooled) ;
Overpack outer shell 350 600
Overpack concrete 3 0020 350
Overpack inner shell 350- - 400
Overpack Lid Top and Bottom Plate $ 450 550
Remainder of overpack steel 350 400
structure -

NOTES: 1. Mederatc Bumup Fuel
2. High Bumup Fuel (see Table 1.A.2)

I

I
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Table 2.2.12
STRESS LIMITS FOR DIFFERENT .

LOADING CONDITIONS FOR THE STEEL STRUCTURE OF THE OVERPACK AND HI-TRAC
(ELASTIC ANALYSIS PER NF-3260)

C

SERVICE CONDITION

STRESS CATEGORY DESIGN + LEVEL A LEVEL B LEVEL Dt

Primary Membrane, Pm S 1.33S AMAX (b.ut , 1.5Sm)
but < .7S,,

Primary Membranes Pm, 1.5S 1.995S 150% of Pm
plus Primary Bending,

Pb . -

Shear Stress 0.6S 0.6S <0.42S,.
(Average) _

!'. I . ;,

Definitions:
, - -:

S = Allowable Stress Value for Table 1A, ASME Section II, Part D.
Sm = Allowable Stress Intensity Value from Table 2A, ASME Section IS, Part D
S= Ultimate Strength

t Governed by Appendix F, Paragraph F-1332 of the ASME Code, Section III.
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Table 2.2.13

NOTATION FOR DESIGN LOADINGS FOR NORMAL, OFF-NORMAL, AND
ACCIDENT CONDITIONS

NORMAL CONDITION

LOADING NOTATION

Dead Weight D

Handling Loads H

Design Pressure (Internal)* Pi

Design Pressure (External)t ._P.

Snow S

Operating Temperature T

OFF-NORMAL CONDITION

Loading Notation

Off-Normal Pressure (Intemal) Pi'

Off-Normal Pressure (Extemal)t Po

Off-Normal Temperature Ts

Off-Normal HI-TRAC Handling H'

t Intcemal Design Prce3urf P, bounds the nirnmal anad off narmal condition intemal prfssurm3. External Design Pressure P. bounds off-normal external
pressures. Similarly, Accident pressures Pi and PO, rcspcctivcly, bound actual internal and external pressures under all postulated environment
phenomena and accident events.
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Table 2.2.13 (continued)

NOTATION FOR DESIGN LOADINGS FOR NORMAL, OFF-NORMAL, AND
ACCIDENT CONDITIONS

(

ACCIDENT CONDITIONS

. LOADING NOTATION

Handling Accident H'

Earthquake E

. Fire | -

Tornado Missile M

Tornado Wind W9

Flood .F

- - Explosion E

Accident Pressure (Internal) P *

Accident Pressure (External) -_PO

.; , '' ..' 1 .

i ,:
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Table 2.2.14
APPLICABLE LOAD CASES AND COMBINATIONS FOR EACH CONDITION AND COMWONENTt. tt

CONDITION LOADING CASE MPC OVERPACK HI-TRAC

Design (ASME Code Pi P N/A N/A
Pressure Compliance) 1 P

I ~D 9T , H.9 Pi DT. H Di Tttt , Hp P, (wawjac)
Normal (Level A)

2 D,T,H,Po N/A N/A

l ( eD,, H. Pi' D, T', H N/Attt (H' pocket
Off-Normal (Level B) 1DT,,'DTHtrunnion)

2 D,T,H,P. N/A N/A

I D,T,P i ,H' DT,H' D,T,H'

Accident (Level D) 2 D, T. P. N/A N/A
3 D, TP.0 tttt D, T ,P.,tttt D, T, Potttt

4 N/A D, T, (E, M, F, WI)ttttt D, T, (M, WO)ttttt

I

t The loading notations are given in Table 2.2.13. Each symbol represents a loading type and may have different values for different components. The different
loads are assumed to be additive and applied simultaneously.

tt N/A stands for "Not Applicable."

ttt T (normal condition) for the HI-TRAC is 1000F and PI(.,wj.m) is 60 psig and, therefore, there is no off-normal temperature or load combination because Load
Case 1, Normal (Level A), is identical to Load Casc 1, Off-Normal (Level B). Only the off-normal handling load on the pocket trunnion is analyzed separately.

It" P. bounds the external pressure due to explosion.

ttttt (E, M, F, W') means loads are considered separately in combination with D, T. E and F not applicable to HI-TRAC.
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2.3 SAFETY PROTECTION SYSTEMS

2.3.1 General .,

The Hi-STORM 100 System is engineered to provide for the safe long-term storage of spent
nuclear fuel (SNF). The HI-STORM 100 will withstand all normal, off-normal, and postulated
accident conditions .without any uncontrolled release of radioactive material or excessive
radiation exposure to workers or members of the public. Special considerations in the design
have been made to ensure long-term integrity and confinement ofthe stored SNF throughout all
cask operating conditions. The design considerations which have been incorporated into the
HI-STORM 100 System to ensure safe long-term fuel storage are:

1. The MPC confinement barrier is an enclosure vessel designed in accordance
with the ASME Code, Subsection NB with confinement welds inspected by
radiography (RT) or ultrasonic testing (UT). Where RT or UT is not possible, a
redundant closure system is provided with field welds which are hydrestatieally
pressure tested, helium leakage tested and/or inspected by the liquid penetrant
method (see Section 9.1).

2. The MPC confinement barrier is surrounded by the HI-STORM overpack which
provides for the physical protection of the MPC.

3. The HI-STORM 100 System is designed to meet the requirements of storage
while maintaining the safety of the SNF.

4. The SNF once initially loaded in the MPC does not require opening of the
canister for repackaging to transport the SNF.

5. The decay heat emitted by the SNF is rejected from the HI-STORM 100 System
through passive means. No active cooling systems are employed.

It is recognized that a rugged design with large safety margins is essential, but that is not
sufficient to ensure acceptable performance -over the service life of any system. A carefully
planned oversight and surveillance plan which does not diminish system integrity but provides
reliable information on the effect of passage of time on the performance of the system is
essential. Such a surveillance and performance assay program will be developed to be
compatible with the specific conditions of the licensee's facility where the HI-STORM 100
System is installed. The general requirements for.the acceptance testing and maintenance
programs are provided in Chapter 9.. Surveillance requirements are specified in the Technical
Specifications in Appendix A to the CoC.- :
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The structures, systems, and components of the HI-STORM 100 System designated as
important to safety are identified in Table 2.2.6. Similar categorization of structures, systems,
and components, which are part of the ISFSI, but not part of the HI-STORM 100 System, will
be the responsibility of the 10CFR72 licensee. For HI-STORM 100A, the ISFSI pad is
designated ITS, Category C as discussed in Subsection 2.0.4.1.

2.3.2 Protection by Multiple Confinement Barriers and Systems

2.3.2.1 Confinement Barriers and Systems

The radioactivity which the HI-STORM 100 System must confine originates from the spent fuel
assemblies and, to a lesser extent, the contaminated water in the fuel pool. This radioactivity is
confined by multiple confinement barriers.

Radioactivity from the fuel pool water is minimized by preventing contact, removing the
contaminated water, and decontamination.

An inflatable seal in the annular gap between the MPC and HI-TRAC, and the elastomer seal in
the HI-TRAC pool lid prevent the fuel pool water from contacting the exterior of the MPC and
interior of the HI-TRAC while submerged for fuel loading. The fuel pool water is drained from
the interior of the MPC and the MPC internals are dried. The exterior of the HI-TRAC has a
painted surface which is decontaminated to acceptable levels. Any residual radioactivity
deposited by the fuel pool water is confined by the MPC confinement boundary along with the
spent nuclear fuel.

The HI-STORM 100 System is designed with several confinement barriers for the radioactive
fuel contents. Intact fuel assemblies have cladding which provides the first boundary preventing
release of the fission products. Fuel assemblies classified as damaged fuel or fuel debris are
placed in a damaged fuel container which restricts the release of fuel debris. The MPC is a seal
welded enclosure which provides the confinement boundary. The MPC confinement boundary
is defined by the MPC baseplate, shell, lid, closure ring, and port cover plates.

The MPC confinement boundary has been designed to withstand any postulated off-normal
operations, internal change, or external natural phenomena. The MPC is designed to endure
normal, off-normal, and accident conditions of storage with the maximum decay heat loads
without loss of confinement. Designed in accordance with'the ASME Code, Section III,
Subsection NB, with certain NRC-approved alternatives, the MPC confinement boundary
provides assurance that there will be no release of radioactive materials from the cask under all
postulated loading conditions. Redundant closure of the MPC is provided by the MPC closure
ring welds which provide a second barrier to the release of radioactive material from the MPC
internal cavity. Therefore, no monitoring system for the confinement boundary is required.

HI-STORM FSAR Proposed Rev. 2C
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Confinement is discussed further in Chapter 7. MPC field weld examinations, hy-dmstatie-and
pressure testing, and helium leak testiag are performed to verify the confinement function
Fabrication inspections and tests are also performed, as discussed in Chapter 9, to verify the
confinement boundary.

2.3.2.2 -.Cask Cooling

To facilitate the passive heat removal capability of the HI-STORM 100, several thermal design
criteria are established for normal and off-normal conditions. They are as follows:

* The heat rejection capacity of the rH-STORM 100 System is deliberately
-understated by conservatively determining the design basis fuel that maximizes
thermal resistance (see Section 2.1.6). The decay heat alue in Table 2.1.6 is

- devel oped by computing the decay heat from the design basis fue asml
- ' which pr-duees the highest heat generation rate for- a given buap'.-Additional
margin is built into the calculated cask cooling rate by using ethe design basis
fuel assembly thathieh offers maximum resistance to MPC internal helium
circulationthe transmission of heat (mirimui thermal conductivity).

* The MPC fuel basket is formed by' a honeycomb structure of stainless steel
plates with full-length edge-welded intersections, which allows the unimpaired
conduction of heat.

* The MPC confinement boundary ensures that the helium atmosphere inside the
MPC is maintained during normal, off-normal, and accident conditions of
storage and transfer. The MPC confinement boundary maintains the helium
confinement atmosphere below the design temperatures and pressures stated in
Table 2.2.3 and Table 2.2.1, respectively.'

* The MPC thermal design maintains the fuel rod cladding temperatures below the
values stated in Chapter 4 such that fuel 'cladding is not degraded during the
long term storage period.

* The HI-STORM is optimally designed with cooling vents and an MPC to
overpack annulus which maximize air'flow, while providing superior radiation
shielding. The vents and annulus allow cooling air to circulate past the MPC
removing the decay heat.

2.3.3 Protection by Equipment and Instrumentation Selection

2.3.3.1 Equipment

Design criteria for the HI-STORM 100 System are described in Section 2.2. The HI-STORM
100 System may include use of ancillary or support equipment for ISFSI implementation.
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Ancillary equipment and structures utilized outside of the reactor facility's 10CFR Part 50
structures may be broken down into two broad categories, namely Important to Safety (ITS)
ancillary equipment and Not Important to Safety (NITS) ancillary equipment. NUREG/CR-
6407, "Classification of Transportation Packaging and Dry Spent Fuel Storage System
Components According to Importance to Safety", provides guidance for the determination ofa
component's safety classification. Certain ancillary equipment (such as trailers, rail cars, skids,
portable cranes, transporters, or air pads) are not required to be designated as ITS for most
ISFSI implementations, if the HI-STORM 100 is designed to withstand the failure of these
components.

The listing and ITS designation of ancillary equipment in Table 8.1.6 follows NUREG/CR-
6407. ITS ancillary equipment utilized in activities that occur outside the 1OCFR Part 50
structure shall be engineered to meet all functional, strength, service life, and operational safety
requirements to ensure that the design and operation of the ancillary equipment is consistent
with the intent of this Safety Analysis Report. The design for these components shall consider
the following information, as applicable:

1. Functions and boundaries of the ancillary equipment
2. The environmental conditions of the ISFSI site, including tomado-bome missile,

tornado wind, seismic, fire, lightning, explosion, ambient humidity limits, flood,
tsunami and any other environmental hazards unique to the site.

3. Material requirements including impact testing requirements
4. Applicable codes and standards
5. Acceptance testing requirements
6. Quality. assurance requirements
7. Foundation type and permissible loading
8. Applicable loads and load combinations
9. Pre-service examination requirements
10. In-use inspection and maintenance requirements
11. Number and magnitude of repetitive loading significant to fatigue
12. Insulation and enclosure requirements (on electrical motors and machinery)
13. Applicable Reg. Guides and NUREGs.
14. Welding requirements
15. Painting, marking, and identification requirements
16. Design Report documentation requirements
17. Operational and Maintenance (O&M) Manual information requirements

All design documentation shall be subject to a review, evaluation, and safety assessment
process in accordance with the provisions of the QA program described in Chapter 13.

Users may effectuate the inter-cask transfer of the MPC between the HI-TRAC transfer cask
and either the HI-STORM 100 or the HI-STAR 100 overpack in a location of their choice,
depending upon site-specific needs and capabilities. For those users choosing to perform the
MPC inter-cask transfer using devices not integral to structureseutside-eae ilitygoverned by
the regulations of 10 CFR Part 50 (e.g., fuel handling or reactor building), a Cask Transfer
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Facility (CTF) is required. The CTF is a stand-alone facility located on-site, near the ISFSI that
incorporates or is compatible with lifting devices designed to lift a loaded or unloaded HI-

-:TRAC transfer cask, place it atop the overpack,-and transfer the loaded MPC to or from the
overpack. The detailed design criteria which must be followed for the design and operation of
the CTF are set down in Paragraphs A through R below.

The inter-cask transfer operations consist of the following potential scenarios of MPC transfer.

* Transfer between a HI-TRAC transfer cask and a HI-STORM overpack
- Transfer between a HI-TRAC transfer cask and a HI-STAR 100 overpack

In both scenarios, the standard design HI-TRAC is mounted on top of the overpack (HI-STAR
100, HI-STORM 100, HI-STORM 100S) and the MPC transfer is carried out by opening the
transfer lid doors located at the bottom of the HI-TRAC transfer cask and by moving the MPC
vertically to the cylindrical cavity of the recipient cask. For the HI-TRAC 125D design, the
MPC transfer is carried out in a similar fashion, except that there is no transfer lid involved - the
pool lid is removed while the transfer cask is mounted atop the HI-STORM overpack with the
HI-STORM mating device located between the two casks (see Figure 1.2.18). However, the
devices utilized to lift the HI-TRAC cask to place it on the overpack and to vertically transfer
the MPC may be of stationary or mobile type.

The specific requirements for the CTF employing stationary and mobile lifting devices are
somewhat different. The requirements provided in the following specification for the CTF apply
to both types of lifting devices, unless explicitly differentiated in the text.

A. General Specifications:

i. The cask handling functions which maybe required of the Cask Transfer
Facility include:

a. Upending and downending of a HI-STAR 100 overpack on a
flatbed rail car or other transporter (see Figure 2.3.1 for an
example). '

b. Upending and downending of a HI-TRAC transfer cask on a
heavy-haul transfer trailer or other transporter (see Figure 2.3.2
for an example)

c. Raising and placement of a HI-TRAC transfer cask on top of a
HI-STORM 100 overpack for MPC transfer operations (see
Figure 2.3.3 for an example of the cask arrangement with the
standard design HI-TRAC transfer cask. The HI-TRAC 125D
design would include the mating device and no transfer lid).
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d. Raising and placement of a HI-TRAC transfer cask on top of a
HI-STAR 100 overpack for MPC transfer operations (see Figure
2.3.4 for an example of the cask arrangement with the standard
design HI-TRAC transfer cask. The HI-TRAC 125D design
would include the mating device and no transfer lid).

e. MPC transfer between the HI-TRAC transfer cask and the HI-
STORM overpack.

f. MPC transfer between the HI-TRAC transfer cask and the HI-
STAR 100 overpack.

ii. Other Functional Requirements:

The CTF should possess facilities and capabilities to support cask
operations such as:

a. Devices and areas to support installation and removal of the HI-
STORM overpack lid.

b. Devices and areas to support installation and removal of the HI-
STORM 100 overpack vent shield block inserts.

c. Devices and areas to support installation and removal of the HI-
STAR 100 closure plate.

d. Devices and areas to support installation and removal of the HI-
STAR 100 transfer collar.

e. Features to support positioning and alignment of the HI-STORM
overpack and the HI-TRAC transfer cask.

f. Features to support positioning and alignment of the HI-STAR
100 overpack and the HI-TRAC transfer cask.

g. Areas to support jacking of a loaded HI-STORM overpack for
insertion of a translocation device underneath.

h. Devices and areas to support placement of an empty MPC in the
HI-TRAC transfer cask or HI-STAR 100 overpack

i. Devices and areas to support receipt inspection of the MPC, HI-
TRAC transfer cask, HI-STORM overpack, and HI-STAR
overpack.
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Appendc Z C

TheSupplementalCoolingSystem.

2.CI Purpose

The Supplemental Cooling System (SCE) wil be utilized, as necessary to maintain the peak fuel
cladding temperature below the limit set forth in Chapter 2 of the FSAR during normal short-
term the MPC onsite transport operations.

2.C.2 GeneralDescription and Requirements

The SCS is a water circulation system for cooling the MPC inside the HI-TRAC transfer cask
during on-site transport. The system consists of a skid-mounted coolant pump and an air-cooled
heat exchanger. During normal SCS operation, heat is removed by water from the HI-TRAC
annulus and rejected to the heat sink (ambient air) across the air cooler heat exchange surfaces.
The SCSshall be designed to meet the following criteria:

Q) The pump is sized to limit the coolant temperature rise (from annulus inlet to outlet)
to a reasonably low value (20X;) and the air-cooled heat exchanger sized for the
design basis heat load at an ambient air temperature of 100IF. The pump and air-
cooler fan are powered by electric motors with a backup power supply for
uninterrupted operation.

(Ii) The closed loop cooling circuit will utilize a contamination-free fluid medium in
contact with the external surfaces of the MPC and inside surfaces of the HI -TRAC
transfer cask to minimize corrosion. Figure Z.C. shows a typical P&TD for a SCS.

(iii) The number of active components in the SCS will be minimized.

(Iv) All passive components such as tubular heat exchangers, manually operated valves
andfittings shall be designed to applicable standards (TEMA, ANSI).

2.C.3 Thermal/Hydraulic Design Criteria

(i) The heat dissipation capacity of the SCS shall be equal to or greater than the
minimum necessary to ensure that the peak cladding temperature is below the JSG-
11, Rev. 3 limit of 400"C (752F). All heat transfer surfaces in heat exchangers shall
be assumed to be fouled to the'maximum limits specified in a widely used heat
exchange equipment standard such as the Standards of Tubular Exchanger-
Manufacturers Association.

(ii) The coolant utilized to extract heat from the MPC shall be high purity water. Anti-
freeze may be used to prevent water from freezing if warranted by operating
conditions.
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2.C4 Mechanical Requirements

(I) All pressure boundaries (as defined in' the ASME Boiler and Pressure Vessel Code,
Section VIi Division 1) shall have pressure ratings that are greater than the
maximum system operating pressure by at least 15 psi

(i) All ASME Code components shall comply with Section ViII Division I of the ASME
Boiler and Pressure Vessel Code.

(iii) Prohibited Materials

The following materials will not be in contact with the system coolant in the SCS.

* Lead
a Mercury
* Sulfur
* Saran
a SilasticL8-53
* Cadmnium
* Tin
& Antimony
* Bismuth
* Mischmetal
* Neoprene or similar gasket materials made of halogen containing elastomers
* Phosphorus
* Zinc
* Copper and Copper Alloys
* Rubber-bonded asbestos
* Nylon
* Magnesium oxide (eg., insulation)
* Materials that contain halogens in amounts exceeding 75 ppm

(iv) All gasketed and packed joints shall have a minimum design pressure rating of the
pump shut-offpressure plus 15 psi

(v) The SCSskid shall be equipped with appropriate lifling lugs to permit its handling- by
the plant's lifting devices in full compliance with NUREG-0612 provisions.

2.C5 Regulatory Requirements

The SCS is classified as not important-to-safety.
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CHAPTER 4t THERMAL EVALUATION

4.0 OVERVIEW

The HI-STORM System is designed for long-term storage of spent nuclear fuel (SNF) in a vertical
orientation. An array of HI-STORM Systems laid out in a rectilinear pattern will be stored on a
concrete ISFSI pad in an open environment. In this section, compliance of the HI-STORM thermal
performance to 1 OCFR72 requirements for outdoor storage at an ISFSI is established. Safe thermal
performance during en site leading, unloading and transfer- eperations utilizing the HIN TRAG
transfer cask is also demonstrated. The analysis considers passive rejection of decay heat from the
stored SNF assemblies to the environment under the most severe design basis ambient conditions.
Effects of solar radiation (insolation) and partial, radiation blockage due to the presence of
neighboring casks at an ISFSI site are included in the analyses. Finally, the thermal margins of
safety for long-term storage of both moderate burnup (up to 45,000 MWD/MTU) and high burnup
spent nuclear fuel (greater than 45,000 MWD/MTU) in the rI-STORM 100 System are quantified.
Safe thernalperformance during on-site loading, unloading and transfer operations utilizing the
HI-TRAC transfer cask is also demonstrated.

TheHI-STORMthermal evaluation adopts guidelines presented inUNREG-1 536 [4.4.10] and ISG-
11 [4.1.4] guidelines to demonstrate safe storage of Commercial Spent Fuel (CSF) *.inelude eigh!
specific aceeptanee criteria that should be fulfilled by the cask thermal design. These eight -riteria
are-s mrized-here as follews guidelines are stated below:

1. The fuel cladding ,temperature for long term storage and short-term
operations shall be limited to 4000C (7520F). atthe-beginning-ef -eask
storage should generally be below the anticipated damage thrfeshold
temperatures for normal conditions and a minimum of 20 years of cask
stefa'ge-

2. The fuel cladding temperature should generall be maintained below $0G
570'C(4O5 ,F 1058TF) foraccident; andoff-normal event; and fuel transfe|
conditions.

t This chapter has been prepared in the format and section organization set forth in Regulatory
Guide 3.61. However, the material content of this chapter also fulfills the requirements of
NUREG-1 53 6. Pagination and numbering of sections, figures, and tables are consistent with the
convention set down in Chapter 1, Section 1;0, herein. Finally, all terms-of-art used in this chapter
are consistent with the terminology of the glossary (Table 1.0.1) and component nomenclature of
the Bill-of-Materials (Section 1.5). . .

* Defined as nuclear fuel that is used to produce energy in a commercial nuclear reactor (See
Table 1. 0. 1).
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3. The maximum internal pressure of the cask should remain within its design
pressures for normal (1% rod rupture), off-normal (i% rod rupture), and
accident (100% rod rupture) conditions.

4. The cask and fuel materials should be maintained within their minimum and
maximum temperature criteria for normal, off-normal, and accident
conditions.

5. For fuel assemblies proposed for storage, the cask system should ensure a
very low probability of cladding breach during long-term storage.

6. Fuel cladding damage resulting from creep cavitation should be limited to 1 5% of
the original cladding eress sectional area.

7-.6. The eask HI-STORM system System should be passively cooled.

8-7. The thermal performance of the cask should be within the allowable design
criteria specified in FSAR Chapters 2 and 3 for normal, off-normal, and
accident conditions.

As demonstrated in this chapter (see Subsections 4.4.6 and 4.5.6), the HI-STORM System is
designed to comply with all eigh ofthe criteria listed above. All thermal analyses to evaluate normal
conditions of storage in a HI-STORM storage module are described in Section 4.4. All thermal
analyses to evaluate normal handling and on-site transfer in a HI-TRAC transfer cask are described
in Section 4.5. All analyses for off-normal conditions are described in Section 11.1. All analyses for
accident conditions are described in Section 1 1.2. Sections 4.1 through 4.3 describe thermal analyses
and input data that are common to all conditions. This FSAR chapter is in full compliance with
NUREG-1536 requirements, subject to the exceptions and clarifications discussed in Chapter 1,
Table 1.0.3 and to ISG-1I requirements (no exceptions).

&This revision to the HI-STORM Final Safety Analysis Report, the first since the HI STORM 100
Nys)ten wvas issued a Part 72 Gertifeate of Compliance, incorporates several features into the thermal
analysis to respond to the changing needs of the U.S. nuclear power generation industry and
revisions to NRC regulations. The most significant changes are:

* The thermal analysis is revised to comply with recently issued NR C staffguidance ("Cladding
Considerations for the Transportation and Storage of Spent Fuel '" ISG 11, Rev. 3 ').

* TheAluminum Heat Conduction Elements (AHCEs), optional underAmendment 1 of CoC1014,
are removedfrom the design. Removing the AHCEs from the MPC eliminates the constriction of
the downcomerflow (Figure 4.0.1) and thus further enhances the thermal performance of the
MPC.
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* The wholespectrum ofregionalizedstorage of SpentNuclearFuel (SNA)for each MPC type has
been analyzed to allowflexibility in Region 1 (the core region of the basket) and Region 2 (the
outer region of the basket) heat loads. The heat loadsflexibility afforded to the ISFSI owner by
the analyses documented in this FSAR permits MPCs to be loaded in the most effective manner
to minimize dose.

* Certain elements of excessive conservatism in the mathematical model have been relaxed to
retain a moderate level ofconservatism. Subsection 4.4.6 documents conservatisms that apply to
the thermal solution. A quantitative estimate ofthe consequences ofthe elements of conservatism
is provided in Appendix 4.B.

* The helium backfillpressure is increased (Table 4.4.38) tofacilitate increased heat dissipation
from the MPC through the classical thermosiphon action (Figure 4.0.1).

• The design maximum decay heat load (Qdfor the HI-STORMSystem is revised (Table 4.4.39).

212st core decay time (PCDI) limitations on high bumup fuel (burnup > 45,000 AM V6I have

Eequired te establish PCDT- limits, arc computed using a methodology consistent ith is G 1.

1Both uniform and regionalized storage re permitted, the latter being particularly 'valuable in
mitigating thc dose cmitted by the MPC by restricting "cold and old" SNF in thc locations
sufrounding the cdrcfetgion of the basket (where the "hot and new" fuel is stored).

OThe efYect of convective heat transfer in the MPC, originally included in the analysis'but
subsequently, negicted to Anabl th r tA iake a mere eonsidered Assessment ef gr-avityr
driven convective heat transfer- in honeycomb basket equipped MW~s, is now r-einiroeduced:

2In the absence of the credit for convective (thermoeiphon) cffeet, the previous analysis relied on
the condudtion heat transfer through the clearanee betveen the basket and the MPC enclosure vessel.
The conduction heat flow path was provided by the Aluminum Heat Conduction Elements (AHCE).AThe, H AE hdare is rtaned eMPCan credit for ACHE heat dissipation iselimintatedin

tenal)ses to maintain a solid margin' nenatsteheemputeesults In a ar
spirit of eonsen atisim, the heat transer in narow cavities (the RMyleigh effeet), approved by the
SFPO in the previous anfal sis, is neglebted in' this revision.

pside ffom the above mentioned changes, this revision of this chapter is essentially identical to its
pf-edeeessef

In this chapter, the maximum HI-STORMSystem temperatures andpressuresfor normal conditions
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of storage are established The normal storage conditions are defined below:

Condition I Value
-Decay Heat Values Specified in Table 4.4.39

MPC Helium Fill Pressure Minimum Specified in Table 4.4.38
Ambient Temperature Annual Average Temperature (Table 2.2.2)

The HI-STORM'maximum temperatures are provided in Tables 4.4.9, 4.4.10 and 4.4.26for MPC-
24/24E, MPC-68 and MPC-32 respectively and in Table 4.4.36for the overpack temperatures. The
maximum APC pressures are provided in Table 4.4.14.

4.0.1 HI-STORM Modeling Overview

The HI-STORM 100 System is a vertical ventilated overpack having an internal cavity for
emplacement of a stainless steel Multi-Purpose Canister (MPC) containing Spent Nuclear Fuel
(SNF). Prior to its emplacement, the MPC internal space is pressurized with helium. The HI-STORM
Overpack is equipped with four large ducts at each of its bottom and top extremities. The design of
the system provides for an annular gap between the MPC and overpack The ducted overpack
construction, together with an engineered annular space between the MPC and the HI-STORM
overpack enables cooling ofthe MPC external surfaces by ventilation action. The ventilation cooling
ofthe HI-STORMsystem is illustrated in Figure 4.0.2. As shown in this figure, ambient air is drawn
into the annulusfrom the bottom inlet ducts. The air is heated during its upward movement through
the vertical annulus and exits through the top outlet ducts.

In Figure 4. 0.1, a cutaway view of an MPC is shown. The fuel basket that resides in the APC is
constructed as an array of square shapedfuel cells in a honeycomb structurefor storing SNF. The
fuel basket (and it's storedfuel) is enclosed in an all welded pressure vesselformed by the MPC
baseplate, top lid and cylindrical shell. The MPC interior space isfilled with pressurized helium.
The MPC design incorporates top and bottom plenumsformed by elongated semi-circular holes at
the base and top offuel cell walls. Between thefuel basket and the MPC shell is an open downcomer
space engineered to connect the top and bottom plenums. In this manner, the MPCsfeature afully
connected helium space consisting of the fuel basket cells, top and bottom plenums anda peripheral
downcomer gap.

It is heuristically apparent from the geometry of the ,PC that the fuel basket metal, the fuel
assemblies and the contained helium will be at their peak temperature at or near the longitudinal
axis of the MPC. As a result of conduction along the metal fuel basket walls and radiant heat
exchange from the fuel assemblies to the MPC fuel basket, the temperatures will attenuate with
increasing radial distancefrom the center, reaching their lowest values in the downcomerspace. As
a result, the bulk temperatures of the helium columns in thefuel basket are elevated above the bulk
temperature of the downcomer space. Since two fluid columns with different temperatures in
communicative contact cannot remain in static equilibrium, the non-isotropic temperature field
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guarantees the incipience of heat transfer by internal convection. This mode of MPC heat
dissipation, "thernosiphon action," is depicted inFigure 4.0.1.

The thermosiphon action is initiated by the heatingof helium residing in thefuel storage cells by the
stored nuclearfuel. The heated helium expands, moving upward through the storedfuel assemblies
due to buoyancyforces. The upward moving helium exits into the top plenum space turning 90° as
shown in Figure 4.0.1. The helium flows through the top plenum towards the MPC shell, turns 90°
andflows down in the downcomer space. In this space, the helium is progressively cooled as itflows
down, rejecting its heat to the MPCshell. At the bottom ofthe downcomer, the helium turns 90" into
the bottom plenum space to supply the fuel basket cells with cooled helium. In this manner a
circulation of helium is sustained inside the APC by the heatfrom the storedfuel.

From the discussion above, it is apparent that the thermal model of the HI-STORMsystem must
include the following elements:

i) HI-STORMoverpack
ii) MPC with it's enclosedfuel basket
iii) Air-flow in the HI-STORM annular space
iv) Helium circulation inside the MPC

A thermal model of the HI-STORM System incorporating the elements listed above is shown in
Figure 4.0.3. In addition, as we explain next, the model recognizes the "coupled" nature ofthe heat
transfer process in the HI-STORMSystem wherein the internal circulation ofhelium inside the APC
occurs with the upward flow of air outside of it. The APC shell, also shown in this figure,. is the
interface boundary that separates the twofluids - helium and air. At this interface boundary air is
moving upward on the outside of the MPCshell and helium is moving downward Heat is exchanged
from hot fluid (helium) to cold fluid (air) across a metal boundary, which is similar to that of a
counter-flow heat exchanger. The heat exchange progressively lowers the helium temperature in the
down-flow direction andprogressively elevates that of air in the up-flow direction. It is apparent
that the internal circulation of helium influences the heat input profile to the annulus air. The helium
circulation removes heatfrom thefuel cells and rejects a portion of it to the upper elevations of the
MPC shell and to the MPC lid. As a result, heat input to the air is skewed towards the upperportion
of the MPC shell. Based on classical chimney operating principles, adding more heat towards the
top of an air stack is less efficient for air circulation relative to adding heat at lower elevations.

In order to properly simulate the interaction of the helium circulation and the annulus airflow, a
"coupled fluid" thermal model is constructedfor the HI-STORM thermal analyses. The coupled

fluid thermal model includes both fluids (helium and air) in one unified model. The model is
constructed on the FL UENT version 6.1 computer code from FL UENT Inc., a software company
based in Lebanon, NH. The modeling methodology is described in Subsections 4.4.1.1.2 through
4.4.1.1.9. The results of the analysis are presented in Subsection 4.4.2 and evaluated in Subsection
4.4.6.

HI-STORM FSAR Proposed Rev. 2C
REPORT HI-2002444

4.0-5 I



4.1 DISCUSSION

As discussed in Chapter 2, this revision of the HI-STORM FSAR seeks to establish complete
compliance with the provisions of Reference [4.1.4]. To ensure explicit compliance, the new
condition "short term operations, " corresponding to fuel loading activities, is defined in Chapter 2.

In Revision I of this FSAR, fuel loading, wvhich includes MPC cavity drying, MPC lid welding,
helium pressurization, and MiPC transfer operations, was treated as part of the "off-normal"
condition. It is now treated as a distinctfuel thermalstate. Specifically, the maximum fuel cladding
temperaturefor thefuel loading condition nowformally referred to as "short term operations " is set
equal to the PCT limitfor normal storage conditions for all CSF. Potential thermally challenging
states for the spent fuel arise if the fuel drying process utilizes pressure reduction (i.e., vacuum
drying), or when the loaded MPC is inside the HI-TRA C transfer cask. In the latter state, the rate of
heat rejection from the MPC is somewhat less compared to the normal storage condition when the
MPC is inside the ventilated overpack. Because the HI-TRA C transfer cask handling subsequent to
helium pressurization of the MPC typically involves keeping the equipment vertical, the
thermosiphon action inside the MPC is fully operational during these activities. As a result, the
increase in the fuel cladding temperature in the HI-TRAC compared to the HI-STORMstorage
condition is fairly modest. The increase is more significant in the case where the HI-TRA C transfer
cask, for reasons such as vertical height restrictions or seismic constraints at a plant, must be
handled in the horizontal orientation. When the HI-TRAC is horizontal, the cessation of the
thermosiplon action results in an additional rise in the fuel cladding temperature. Therefore, the
short term evolutions that may be thermally limiting are analyzed as listed below:

i. Vacuum Drying
ii. Loaded APC in HI-TRAC in the vertical orientation
iii Loaded MPC in HI-TRAC in the horizontal orientation

The threshold MPC heat generation rate at which the HI-STORM peak cladding temperature
reaches a steady state equilibrium value approaching the normal storage peak clad temperature
limit is computed in this chapter. Likewise, the MPC heat generation rates that produce the steady
state equilibrium temperature approaching the normal storage peak clad temperature limitfor the
MPC-in-HI-TRAC condition in both vertical and horizontal con fgurations are computed in this
chapter. These computed heat generation rates directly bear upon the compliance of the system with
Reference [4.1.4], and are accordingly adopted in the system Technical Specifications for high
burnupfuel (HBF).

A sectieoal cutaway view of the HI-STORM dry storage system has been presented earlief-in Figure
4.0.2. (see Figure-1.h21-The system consists of a sealed MPC situated inside a vertical ventilated
storage overpack. Air- inlet and outlet duets that allow for- air cooling of the stored MPC are leeated
at the bottom and top, respectively, of the cylindrical overpack. The SNF assemblies reside inside
the MPC, which is sealed with a welded lid to form the confiement-boundary.-The MPC contains
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an all-alloy honeycomb basket structure with square-shaped compartments of appropriate
dimensions to allow insertion of the fuel assemblies prior to welding of the MPC lid and closure
ring. Each box panel, with the exception of exterior panels on the MPC-68 and MPC-32, is equipped
with a BeRal-(thermal neutronabsorber) panel sandwiched between an l-leyAlloyXsteel sheathing
plate and the box panel, along the entire length of the active fuel region. The MPC is backfilled with
helium up to the design-basis initial fill level (Table 4.4.384-.:2).. This provides a stable, inert
environment for long-term storage of the SNF. Heat is rejected from the SNF in the HI-STORM
System to the environment by passive heat transport mechanisms only.

The helium backfill gas is an integral part of the MPC thermal design. The helium fills all the spaces
between solid components and provides an improved conduction medium (compared to air) for
dissipating decay heat in the MPC. Additienally,-helum in the spaces between the fuel basket and
the NIPC shell is heated diffcientially and, thcrefore, subject to the "Rayleigh" effcet which is
discussed in detail later. For added conservatism, the increase in the heat.transfer rate due to the
Rayleigh cefet contribution is neglected in this revision ofthe FSAR. To ensure that the helium gas
is retained and is not diluted by lower conductivity air, the MPC confinement boundary is designed
and fabricated to comply with the provisions of the ASME B&PV Code Section III, Subsection NB
(to the maximum extent practical), as an all-seal-welded pressure vessel with redundant closures. It
is demonstrated in Section 1 1.1.3 that the failure of one field-welded pressure boundary seal will not
result in a breach of the pressure boundary. The helium gas is therefore retained and undiluted, and
may be credited in the thermal analyses.

An important thermal design criterion imposed on the HI-STORM System is to limit the maximum
fuel cladding temperature to within design basis limits (Table 4.3.1 44-3.) for long-term storage of
design basis SNF assemblies. An equally important design criterion is to minimize temperature
gradients in the MPC so as to minimize thermal stresses. In order to meet these design objectives,
the MPC baskets are designed to possess certain distinctive characteristics, which are summarized in
the following.

The MPC design minimizes resistance to heat transfer within the basket and basket periphery
regions. This is ensured by an uninterrupted panel-to-panel connectivity realized in the all-welded
honeycomb basket structure. The MPC design incorporates top and bottom plenums with
interconnected downcomer paths. The top plenum is formed by the gap between the bottom of the
MPC lid and the top of the honeycomb fuel basket, and by elongated semicircular holes in each
basket cell wall. The bottom plenum is formed by large elongated semicircular holes at the base of
all cell walls. The MPC basket is designed to eliminate structural discontinuities (i.e., gaps) which
introduce large thermal resistances to heat flow. Consequently, temperature gradients are minimized
in the design, which results in lower thermal stresses within the basket. Low thermal stresses are also
ensured by an MPC design that permits unrestrained axial and radial growth of the basket. The
possibility of stresses due to restraint on basket periphery thermal growth is eliminated by providing
adequate basket-to-canister shell gaps to allow for basket thermal growth during heat-up to design
basis temperatures.
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It is h~uristically apparent fromf the geometry 6f the M4I2C that the basket metal, the fuel assemblies
and te cotained helijum mass will be at theiipeak temperatures at or near- the longitudinal axis oe

the NMPC. The tepatrs will attenuate with increasing radial distane frem thiis axis, reaching
their- lowes' au.,a teouter- suffac6 of the IMPC shell. Conduction along the metal walls and
radiant heat evchange from t fueIasseinblies to the M.IPC metal-m ss wotuld therefore result in
substantial differences in the bulk tempefatures of helium columns in diffcrnt fuel stor-age cells.
Sine tweo l at different temperatures in communicative contact cannot remain in static
equilibrium, the non isotropic temperfatue field in the metPa internal space d tcndcin and
radiation heat transfer mechanisms guarantee the incipience of the third mode of heat transfcr:
natural convection.

The preceding paragraph-Section 4.0.1 describes intredoeed the internal helium thermosiphon
feature engineered into the MPC design. It is recognized that the backfill helium pressure, in
combination with low pressure drop circulation passages in the MC design, induces a thermosiphon
upflow through the multi-cellular basket structure to aid in removing the decay heat from the stored
fuel assemblies. The decay heat absorbed by the helium during upflow through the basket is rejected
to the MPC shell during the subsequent downflow of helium in the peripheral downcomers. This
helium thermosiphon heat extraction process significantly reduces the burden on the MPC metal
basket structure for heat transport by conduction, thereby minimizing internal basket temperature
gradients and resulting thermal stresses.

The helium columns traverse the vertical storage cavity spaces, redistributing heat within the MPC.
Elongated holes in the bottom of the cell walls, liberal flow space and elongated holes at the top, and
wide-open downcomers along the outer periphery of the basket ensure a smooth helium flow regime.
The most conspicuous beneficial effect of the helium thermosiphon circulation, as discussed above,
is the mitigation of internal thermal stresses in the MPC. Another beneficial effect is reduction ofthe
peak fuel cladding temperatures of the fuel assemblies located in the interior of the basket. in-4he
original HI STORAI licensing analyses, no-crcdit for the thermosiphon action was taken.. To
partially compensate for the reduction in the computed heat rejection capability due to the complete
negglect of the global thermesiphen action within the WIPG, heat conduction elmnsmade of
Mu minfi - ntWersed in t..W, ;-..,ha-"e l;FWargev periphra wispsaees be-ve the MP shellan thew fuel baivks.
These heat conc P ti eements, shewn in the MPG Drawings in Section 1.5, are engineered such
that they can be installed in the peripheral spavese tr. -t --eanneetiean
between the basket and the MAPG shell. In their installed condition, the heat conduction elements -ill
contact the MPC shell and the basket walls. MPC manufacturing procedures have been established
to ensure that the therma besign e ctis for the conduction-elements set forth in this document
are realized in the actual hardware. The presenc of heat conduction elements in the canister design
hat been conservatively neglected in h4e thennhal models of the Hi STORM 100 System in'this
Ee-vision-f-the Safcty Analysis Report.

Feur Three distinct MPC basket geometries are evaluated for thermal performance in the HI- I
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STORM System. For intact PWR fuel storage, the 24-cellflux trap (MPC-24/24E), MC 2 4E, and
32-cell non-flux trap (MPC-32) designs are available. Four locations are designated for storing
damaged PWR fuel in the MPC-24E design. A 68-cell MPC design (MPC-68, MPC-68F, and MPC-
68FF) is available for storing BWR fuel (intact or damaged, including fuel debris). All of the three
feoiu basic MPC geometries (MPC-32, MPC-24/24E, MPG 24E and MPC-68) are described in
Chapter 1 wherein their design licensing drawings can also be found.

The design maximum decay heat loads for storage of intact zircaloy clad fuel in the four MPCs are
listed in Tables 4.4.20, 1.4.21, 4.4.28, and 4.4.29 listed in Table 4.4.39for single region storage
(also referred to as uniform storage). Storage of intact stainless steel is permittedfor a low decay
heat limit set forth in Chapter 2 (Tables 2.1.17 through 2.1.21) evaluated in Subsection 1.3.2..
Storage of zircaloy clad fuel with stainless steel clad fuel in an MPC is permitted. In this scenario,
the zircaloy clad fuel is conservatively stipulated to must meet the lower decay heat limits for
stainless steel clad fuel. Storage of damaged, zircaloy clad fuel is evaluated in Subsection 4.4.1.1.4.
The axial heat distribution in each fuel assembly is assumed to follow the bumup profiles set forth
by Table 2.1.11.

Thermal analysis of the HI-STORM System is based on including all three fundamental modes of
heat transfer, namely conduction, natural convection and radiation. Different combinations oftheso
modes are active in different parts of the system. These modes are properly identified and
conservatively analyzed within each part of the MPC, the HI-STORM storage overpack and the HI-
TRAC transfer cask, to enable bounding calculations of the temperature distribution within the HI-
STORM System to be performed. In addition to storage within the HI-STORM overpack, loaded
MPCs will also be located for short durations inside the transfer cask (HI-TRAC) designed for
moving MPCs into and out of HI-STORM storage modules.

Heat is dissipated from the outer surfaces of the HI-STOR>storage overpack and HI-TRAC transfer
cask to the environment by buoyancy induced airflow (natural convection) and thermal radiation.
Heat transport through the cylindrical wall of the storage overpack and HI-TRAC is solely by
conduction. While stored in a HI-STORM overpack, heat is rejected from the surface of the MPC via
the parallel action of thermal radiation to the inner shell of the overpack and convection to a
buoyancy driven airflow in the annular space between the outer surface of the MPC and the inner
shell'of the overpack. This situation is similar to the familiar case of natural draft flow in fumace
staeks-.When placed into a HI-TRAC cask for transfer operations, heat is rejected from the surface
of the MPC to the inner shell of the HI-TRAC by conduction and thermal radiation.

Within the MPC, heat is transferred between metal surfaces (e.g., between neighboring fuel rod
surfaces) via a combination of conduction through a gaseous medium (helium) and thermal
radiation. Heat is transferred between the fuel basket and the MPC shell by thermal radiation and
conduction. The heat transfer-rbetween the fuel basketexternal suFface and the NMPG shell-innef
surface is fuirther influenced by the "Rayleigh" cfect. The heat transfer augmentation efet of this
mechanism, as discussed earlier, is conserv atively negleeted.
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As discussed in Subsection 4.4.6 and Appendix 4.B, later in this chapter, an array of conservative
assumptions bias the results of the thermal analysis towards mueh-reduced computed margins than
would be obtained by a more rigorous analysis of the problem. In particular, the thermal model
employed in determining the MPG temper-atfrcs is consistent with the model presented in Rev. 9 of
thc TI ST-AR DSAR submittal (Dcket No. 72 1003).

As discussed in Chapter 2, the fI STORM MPCs are identical to those utilized in the NRC accepted
HI STAR System (Docket 71 1008 for storage). As such, many of the analysis methods utilized
herein for performing thermal evaluations of the IH STORM MPCs are identical to those already
accepted for the HI STAR System. Specifically, the analysis methods for evaluation ofthe following
items are identical te those for the HI STAR System:

i. fuel assembly eMetive thermal conductivity
Hs. MPG fuel basket eetive thermal conduetivity
iii. MPC fuel basket peripheral region effcetive thermal conductivity
iv. aluminum heat conduction elements efcctive thermal cenduetivity
v . MPC internal cavity free volume
vi. MPC contents effective heat capacity and density

SVi. bounding f ael-ro ternal pressures and hoop stresses

In addition, thermal properties for- all materials eonmen to both the HI STORM and Hi STAJ
systs arev~s Identlal,~ invldingstailes and ear-benstees, iraley_ U102 alley 1 0

Beral, Helti.. A, heclium, air- and paint.

The complete thermal analysis is performed using the industry standard ANSYS finite element
modeling package [4.1.1] and the finite volume Computational Fluid Dynamics (CFD) code
FLUENT [4.1.2]. ANSYS has been previously used and accepted by the NRC on numerous dockets
[4.4.10 ,4.V.5.a]. The FLUENT CFD program is independently benchmarked and validated with a
wide class of theoretical and experimental studies reported in the technical journals. Additionally,
Holtec has confirmed the code's capability to reliably predict temperature fields in dry storage
applications in a benchmarking report [4.1.5] using independent full-scale test data from a loaded
cask [4.1.3]. A series of Holtce topical reports, culminating in "Topical report on the HI STARAJI
STORMI t Thermal m A4odel and its b Benehmarking with f Full SiWe size c Cask t Test d Data"
[42.S., Holtee Report Hi 992252, Rev. I, document the compar-ison o the Holtee thermal model
against the full size test data [1.1.3]. In this benchmarking report, rReference [1.1.3], the Holtec
thermal model is shown to overpredict the measured fuel cladding temperature by a modest amount
for every test set. In early 2000, PNL evaluated the thermal performance of HI-STORM 100 at
discrete ambient temperatures using the COBRA-SFS Code. (Summary report communicated by
T.E. Michener to J. Guttman (NRC staff) dated May 31, 2000 titled "TEMPEST Analysis of the
Utah ISFSI Private Fuel Storage Facility and COBRA-SFS Analysis of the Holtec HI-STORM 100
Storage System"). The above-mentioned tepiea benchmarkingreport has been updated to includes a
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comparison of the Holtec thermal model results with the PNL solution.. Onee-again, The comparison
shows that the Holtec thermal model is continues to be uniformly conservative., albeit by small
mafgins. The benchmarking of the Holtec thermal model [4.1.5] against the EPRI test data [4.1.3]
and PNL COBRA-SFS study validate the suitability of the thermal model employed to evaluate the
thermal performance of the HI-STORM 100 System in this document.
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4.3 SPECIFICATIONS FOR COMPONENTS

HI-STORM System materials and components designated as "Important to Safety" (i.e., required to
be maintained within their safe operating temperature ranges to ensure their intended function)
which warrant special attention are summarized in Table 4.3.1. The neutron shielding ability of
Holtite-A neutron shield material used in the HI-TRAC ensite transfer cask overpaek- is ensured by
demonstrating that the material exposure temperatures are maintained below the maximum
allowable limit. Long-term integrity of SNF is ensured by the HI-STORM System thermal
evaluation which demonstrates thatperformance that demonstrates that fuel cladding temperatures
are maintained below design basis limits. Neutron absorber materials Be-al used in MPC baskets
for criticality control (a composite material composed of made from B4 C and aluminum) is- are
stable up to 1000lFt for short term and 8502F for long teem dry storages. However, for
conservatism, a significantly lower maximum temperature limit is specifiedfor thermal evaluation.
impesed. The overpack concrete, the primary function of which is shielding, will maintain its
structural, thermal and shielding properties provided thatAmerican Concrete Institute (ACI)
guidance on temperature limits (See Appendix 1.D) is followed. are not exceeded.

Compliance to 1OCFR72 requires, in part, identification and evaluation of short-tern off-normal and
severe hypothetical accident conditions. The inherent mechanical stability characteristics of cask
materials and components ensure that no significant functional degradation is possible due to
exposure to short-term temperature excursions outside the normal long-term temperature limits. For
evaluation of HI-STORM System thermal performance material temperature limitsfor ndef long
term normal, short term operations, off-normal ef and hypethetieal accident conditions Tmatefia
temperatur Betfshort duration events are provided in Table 4.3.1. In Table 4.3.1, ISG-11, Rev.
3 temperature limits [4.1.4] are adopted for Commercial Spent Fuel (CSF). These limits are
applicable to allfuel types, burnup levels and cladding materials that are approved by the NRCfor
power generation.

4.3.1 Subsection Intentionally Deleted

4.3.2 Subsection Intentionally Deleted

4.3.3 Subsection Intentionally Deleted

4.3.4 Evaluation oqfMBF

It is recognized that hydrides present in irradiatedfiuel rods (pre-dominantly circumferentially
oriented) dissolve at cladding temperatures above 400"C [4.3.8]. Upon cooling below a threshold
temperature (Tp), the hydrides precipitate and re-orient to an undesirable (radial) direction if
cladding stresses at the hydrides precipitation temperature Tp are excessive. For moderate burn up

t B4 C is a refractory material that is unaffected by high temperature (on the order of 1000"F)
and aluminum is solid at temperatures in excess of 1000'F.

R AAT A&'ancd StCatures Boral thermophysiAea test d*ata
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fuel Tp is conservatively estimated as 350"C [4.3.8]. In a recent study, PNNL has evaluated a
number of boundingfuel rods for re-orientation under hydride precipitation temperatures for MBF
[4.3.8]. The study concludes that hydride re-orientation is not credible during short term operations
involving low to moderate burn upfuel (upto 45 GWD/MTU). Accordingly, the higher ISG-1 1, Rev. 3
temperature limit isjustiftedfor moderate burnupfuel and is adopted in the HI-STORMFSARfor
short term operations with MBF fueled MPCs (See Table 4.3.1).
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Table 4.3.1

HI-STORM SYSTEM MATERIAL TEMPERATURE LIMITS

Material Normal Long-Term Short Term Operations,
Temperature Limits 10F1 Off-ANormal and Accident

Temperature Limits IFT

Zircaloy fuel cladding Short Term Operations:
CSF Cladding (Zirconium fpoderate$ Bufnup) 7520F (HBF)
alloys and Stainless Steel) See Table 1.3.7 1058rF (MBF)

752 Off-Normal andAccident:

1058"F

Stainless steel fuel cladding 806 4l08

HemPa- Neutron Absorber 800 950

Holtite-Attt 30 N0A 34M 350 (Short Term
200 N/AOperations)

Concrete** 20W 300 350

Water 307 N/A 307tf (Short Term
Operations)

N/A (Off-Normal and
Accident)

High bumup fuel st-rage lifNits ar- established .inppndi .AI.

W Bsd on AAR Structure- Boral thermophysical test data.

ttt See Section 1.2.1.3.2.

* * These values are applicable for concrete in the overpack body, overpack lid and
overpack pedestal. As stated in Chapter 1 (Appendix 1.D1 Table L.D.1), these limits are
compared to the through thickness section average temperature.

tt Saturation temperature at HI-TRA C water jacket design pressure.

I

I
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Tables 4.3.2 through 4.3.9 are intentionally deleted.
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4.4 THERMAL EVALUATION FOR NORMAL CONDITIONS OF STORAGE

Under long-term storage conditions, the HI-STORM System (i.e., HI-STORM overpack and MPC)
thermal evaluation is performed with the MPC cavity backfilled with helium. The 'details of the
thermal models, analyses and results for long term storage scenarios are presented in this section. An
overview of the methodology for characterizing the thermal-hydraulic properties of the MPC and a
description ofthe global HI-STORM model used for obtaining the HI-STORM temperature field are
provided. The modeling details are discussed in Subsections 4.4.1.1.2 through 4.4.1.1.9. As
discussed in Subsection 4.0.1, the HI-STORM model incorporates the "coupled-fluid" approach
needed to solve the thermo-fluid interaction of two fluids in the HI-STORM system, viz. air in the
annulus and helium in the MPC.

4.4.1 Thermal M6del

The MPC basket'design consists of three distinct geometries to hold 24 or 32 PWR, or 68 BWR fuel
assemblies. The basket is a matrix of square compartments designed to hold the fuel assemblies in a
vertical position. The basket is a honeycomb structure of alloy steel (Alloy X) plates with full-length
edge-welded intersections to form an integral basket configuration. All individual cell walls, except
outer periphery cell walls in the MPC-68 and MPC-32, are provided with neutron absorber
sandwiched between the box wall and a stainless steel sheathing plate over the full length of the
active fuel region.

To ensure a robust margin in the HI-STORM system, the MPC property characterizations employ a
composite of limiting thermal-hydraulic characteristics among each of two fuel classes (PWR and
BWVR fuel). These characteristics are: (a) Ai'upperbouhd planar thermal resistance, (b) a
lowerbound axial thermal conductivity and (c) an upperbound axial flow resistance. The fuel types
that obtain the limiting result for each of the three characteristics (a), (b) and (c) above are listed
below for ready reference.

I) Fuel Class: PWR Fuel
(a) Planar thermal resistance: W 17x17 OFA
(b) Axial thermal conductivity: W 14x14 OFA
(c) Axial flow resistance: B&W l5x15

II) Fuel Class: BWR Fuel
(a) Planar thermal resistance: GE-I 1 9x9'
(b)Axial thermal conductivity: GE 7x7
(c) Axial flow resistance: GE-12/14 IOxIO

The design basis decay heat generation (Qd) is defined in Table 4.4.39. The decay heat is
conservatively considered to be non-uniformly distributed over the active fuel length based on the
design basis axial buumup distributions provided in Chapter 2 (Table 2. 1.11).
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4.4.1.1 Analytical Model - General Remarks

Transport of heat from the heat generation region (fuel assemblies) to the outside environment
(ambient air or ground) is analyzed broadly in using three thermal models.

1. The first model considers transport of heat from the fuel'assembly to the basket cell walls.
This model recognizes the combined effects of conduction (through helium) and radiation,
and is essentially a finite element technology based update of the classical Wooton &
Epstein [4.4.1] formulation (which considered radiative heat exchange between fuel rod
surfaces) .

2. The second model considers heat transport within an MPC fuel basket cross section by
conduction and radiation. The effective cross sectional thermal conductivity of the basket
region, obtained from a combined fuel assembly/basket heat conduction-radiation model
developed on ANSYS, is applied to an axisymmetric thermal model of the HI-STORM
System on the FLUENT [4.1.2] code. To model MPC internal convection heat transfer, the
fuel basket is rendered as a porous media having effective flow resistance characteristics.

3. The third model deals with the transmission of heat from the MPC exterior surface to the
external environment (heat sink). The upflowing air stream in the MPC/cask annulus extracts
most of the heat from the external surface of the MPC, and a small amount of heat is radially
deposited on the HI-STORM inner surface by conduction and radiation. Heat rejection from
the outside cask surfaces to ambient air is considered by accounting for natural convection
and radiative heat transfer mechanisms from the vertical (cylindrical shell) and top cover
(flat) surfaces. The reduction in radiative heat exchange between cask outside vertical
surfaces and ambient air, because of blockage from the neighboring casks arranged for
normal storage at an ISFSI pad as described in Section 1.4, is recognized in the analysis. The
overpack top plate is modeled as a heated surface in convective and radiative heat exchange
with air and as a recipient of heat input through insolation. Insolation on the cask surfaces is
based on 12-hour levels prescribed in 10CFR71, averaged over a 24-hour period, after
accounting for partial blockage conditions on the sides of the overpack.

Subsections 4.4.1.1.1 through 4.4.1.1.9 contain a description of the mathematical models devised to
articulate the temperature field in the HI-STORM System. The description begins with the method to
characterize the heat transfer behavior of the prismatic (square) opening referred to as the "fuel
space" with a heat emitting fuel assembly situated in it. The methodology utilizes a finite element
procedure to replace the heterogeneous SNF/fuel space region with an equivalent solid body having
a well-defined temperature-dependent conductivity. In the following subsection, the method to
replace the "composite" walls of the fuel basket cells with an equivalent "solid" wall is presented.
Having created the mathematical equivalents for the SNF/fuel spaces and the fuel basket walls, the
method to represent the MPC cylinder containing the fuel basket by an equivalent cylinder whose
thermal conductivity is a function of the spatial location and coincident temperature is presented.

Following the approach of presenting descriptions starting from the inside and moving to the outer
region of a cask, the next subsections present the mathematical model to simulate the overpack.
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Subsection 4.4.1.1.9 concludes the presentation with a description of how the different models for
'the specific regions within the HI-STORM System are assembled into the final FLUENT model.

4.4.1.1.1 Overview of the Thermal Model

Thermal analysis of the HI-STORM System is performed by assuming that the system is subject to
its maximum heat duty with each storage location occupied and with the heat generation rate in each
stored fuel assembly equal to the design-basis maximum value. While the assumption of equal heat
generation imputes a certain symmetry to the cask'thermal problem, the thermal model must
incorporate three attributes of the physical problem to perform a rigorous analysis of a fully loaded
cask, namely:

i. While the rate of heat conduction through metals is a relatively weak function of
temperature, radiation heat exchange is a nonlinear function of surface temperatures.

ii. Heat generation in the MPC is axially non-uniform due to non-uniform axial burnup
profiles in the fuel assemblies.

iii. Inasmuch as' the transfer of heat occurs from inside the basket region to the outside,
the temperature field in the MPC is spatially distributed with the maximum values
reached in the central core region.

The cross section bounded by the inside of the storage cell, which surrounds the assemblage of fuel
rods and the interstitial helium gas, is replaced with an "equivalent" square (solid) section
characterized by an effective thermal' conductivity. Figure 4.4.1 pictorially -illustrates the
homogenization concept. Further details of this procedure for determining the effective conductivity
are presented in Subsection 4.4.1.1.2; it suffices to state here that the effective conductivity of the
'cell space will be a function of temperature because the radiation heat transfer (a major component
of the heat transport between the fuel rods and the surrounding basket cell metal) is a strong function
of the temperatures of the participating bodies. Therefore, in effect, every storage cell location will
have a different value of effective conductivity (depending on the coincident temperature) in the
homogenized model. The temperature-dependent fuel assembly region effective conductivity is
determined by a finite volume procedure, as described in Subsection 4.4.1.1.2.

In the next step of homogenization, a planar section of an MPC fuel basket is considered. With each
storage cell inside space replaced with an equivalent solid square, the MPC cross section consists of
a metallic gridwork (basket cell walls with each square cell space containing a solid fuel cell square
of effective thermal conductivity, which is a function of temperature) . There are four distinct
materials in this section, namely the homogenized fuel cell , the Alloy X structural materials
(including neutron absorber sheathing), neutron absorber, and helium gas. Each of the four
constituent materials in this section has a different conductivity. It is emphasized that the
conductivity of the homogenized fuel cells is a strong function of temperature.

In order to replace this thermally heterogeneous MPC fuel basket section with an equivalent
conduction-only region, resort to the finite element procedure is necessary. Because the rate of
transport of heat within the MPC fuel basket is influenced by radiation, which is a temperature-
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dependent effect, the equivalent conductivity of the MPC fuel basket region must also be computed
as a function of temperature. Finally, it is recognized that the MPC section consists of two discrete
regions, namely, the fuel basket region and the peripheral region. The peripheral region is the space
between the peripheral storage cells and the MPC shell. This space is essentially full of helium
surrounded by Alloy X plates. Accordingly, as illustrated in Figure 4.4.2 for MPC-68, the MPC
cross section is replaced with two homogenized regions with temperature-dependent conductivities.
In particular, the effective conductivity of the fuel cells is subsumed into the equivalent conductivity
of the basket cross section. The finite element procedure used to accomplish this is described in
Subsection 4.4.1.1.4. The ANSYS finite element code is the vehicle for all modeling efforts
described in the foregoing.

In summary, appropriate finite-element models are used to replace the MPC cross section with an
equivalent two-region homogeneous conduction lamina whose local conductivity is a known
function of coincident absolute temperature. Thus, the MPC cylinder containing discrete fuel
assemblies, helium, neutron absorber and Alloy X, is replaced with a right circular cylinder whose
material conductivity will vary with radial and axial position as a function of the coincident
temperature. The thermal modeling duly recognizes the MPC as a non-isotropic 3-D conduction
media. In particular, the MPC fuel basket in-plane conductivity and the axial conductivity differ
considerably. This is because while, in-plane heat transfer is interrupted by gaps, in the axial
direction heat flows in an uninterrupted manner in the fuel rods, the fuel cell walls and neutron
absorber plates. Accordingly, the thermal properties of the MPC fuel basket continuum are
characterized by two conductivities:

(i) Planar conductivity (Kr) as a function of temperature
(ii) Axial conductivity (Kate) as a function of temperature

The procedure for computing Kr and K. is described in Subsection 4.4.1.1.4. As stated earlier in this
section, the MPC thermal property evaluations conservatively employ limiting fuel types for
computing Kr and K,,,. These limiting fuel types are listed earlier in Subsection 4.4.1. Finally, to
model internal convection in the MPC, the fuel storage cells are rendered as porous media having
effective pressure drop characteristics. The methodology for modeling flow resistance is discussed
next.

For simulating the flow resistance of fuel cells, the FLUENT porous media pressure drop model is
employed. In this model, pressure drop is computed (in MKS units) as follows:

M = p V+ 2 pov)

L a4

where:
AP/L is pressure drop per unit length (Pa/m)
V is superficial fluid velocity (mis)
p. is fluid viscosity (kg/m-s)
p is fluid density (kg/M3 )
a is permeability parameter (i 2 )
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C is inertial resistance factor (rm-)

The PWR and BWR fuel assemblies occupying the fuel cells in an MPC are essentially an array of
regularly spaced fuel rods supported by an open grid structure at discrete locations. From basic
hydraulics, pressure drop in a fuel cell is obtained as the sum of two parts: (i) frictional loss from the
array of fuel rods and (ii) pressure losses from fluid contractions and expansions at the' grid
locations. For maximizing frictional losses, the thermal analysis employs the limiting fuel type for
which the smallest hydraulic diameter is obtained. For maximizing grid spacer flow resistances, two
assumptions are employed:

a) Spacers are a gridwork of thick (0.05 inch) plates
b) Bounding expansion and contraction loss factors are used

The first assumption above understates flow area at the grid spacer location and the second
assumption overstates hydraulic losses. Together the assumptions ensure a substantial conservatism
in the fuel assembly pressure drop characteristics.

Employing basic principles of fluid mechanics, the frictional and grid hydraulic losses are'
computed and appropriate values of the parameters (a and C) in the porous media pressure drop
model obtained.-The flow resistances are computed for the limiting fuel typed in each class
(PWR or BAVR fuel). The limiting fuel types were listed earlier in Section 4.1.1. The principal
steps for computing "a" and "C" are provided next.

Step 1: Compute Hydraulic Diameter (Dh)

where:
Af is cell flow area (cell opening area minus area of fuel rods)
WP is wetted perimeter (sum of rods circumference and cell walls perimeter)

Step 2: Compute Porosity ()j

-A 1

where A, is cell area defined by the square of cell pitch

Step 3: Compute "a"

( 32

At The limiting fuel type has the smallest hydraulic diameter.
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Step 4: Compute Cumulative Grids Loss Factor (K)

K=N(Kc+Ke)
where:

N is number of flow grids
Kc is flow contraction coefficient
Ke is expansion coefficient

Step 5: Compute "C"

=K
2L

where:
L is fuel cell length
6g is ratio of grids flow area to cell area A,,

The porous media pressure model described in the foregoing is benchmarked with proprietary
pressure drop data to confirm that the model predictions are conservative. As stated previously, the
flow resistance parameters (a and C) are obtained for the limiting fuel type in each class (PWR or
BNVR fuel) for use in the HI-STORM thermal evaluations.

Internal circulation of helium in the sealed MPC is modeled as flow in a porous media in the fueled
region containing the SNF (including top and bottom plenums). The basket-to-MPC shell clearance
space is modeled as a helium filled radial gap to include the downcomer flow in the thermal model.
The downcomer region, as illustrated in Figure 4.4.2, consists of an azimuthally varying gap formed
by the square-celled basket outline and the cylindrical MPC shell. At the locations of closest
approach a differential expansion gap (a small clearance on the order of 1/10 of an inch) is
engineered to allow free thermal expansion of the basket' At the widest locations, the gaps are on the
order of the fuel cell opening (-6" (BWR) and -9" (PWR) MPCs). It is heuristically evident that
heat dissipation by conduction is maximum at the closest approach locations (low thermal resistance
path) and that convective heat transfer is highest at the widest gap locations (large downcomer flow).
In the FLUENT thermal model, a radial gap that is large compared to the basket-to-shell clearance
and small compared to the cell opening is used. As a relatively large gap penalizes heat dissipation
by conduction and a small gap throttles convective flow, the use of a single gap in the FLUENT
model understates both conduction and convection heat transfer in the downcomer region.
In this manner, a loaded MPC standing upright on the ISFSI pad in a HI-STORM overpack is
replaced in the model as a right circular cylinder with spatially varying temperature-dependent
conductivity. Heat is generated within the basket space in this cylinder in the manner of the
prescribed axial burnup distribution. In addition, heat is deposited from insolation on the external
surface of the overpack. Under steady state conditions the total heat due to internal generation and
insolation is dissipated from the outer cask surfaces by natural convection and thermal radiation to
the ambient environment and from heating of upward flowing air in the annulus. Details of the
elements of mathematical modeling are provided in the following.
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4.4.1.1.2 Fuel Region Effective In-Plane Thermal Conductivity Calculation

Thermal properties of a large number ofPWR and BWR fuel assembly configurations manufactured
by the major fuel suppliers (i.e., Westinghouse, CE, B&W, and GE) have been evaluated for
inclusion in the HI-STORM System thermal analysis. Bounding PWR and BWR fuel assembly
configurations are determined through a screening process using the simplified procedure described
below. This is followed by the determination of temperature-dependent properties for the bounding
PWR and BIWR fuel assembly configurations to be used for cask thermal analysis using a finite
volume (FLUENT) approach.

To determine which of the PWR assembly types listed in Table 4.4.1 should be used in the thermal
model for the PWR fuel baskets (MPC-24, MPC-24E, MPC-32), we first establish which assembly
type has the maximum in-plane thermal resistance; The same determination is 'made for the MPC-
68, out of the SNF types listed in Table 4.4.2. For this purpose, we utilize a simplified procedure
that we describe below.

Each fuel assembly consists of a large array of fuel rods typically arranged on a square layout. Every
fuel rod in this array is generating heat due to radioactive decay in the enclosed fuel pellets. There is
a finite temperature difference required to transport heat from the innermost fuel rods to the storage
cell walls. To identify the CSF with the highest in-plane thermal resistance the model proposed by
Wooton and Epstein [4.4.1] is used.

According to [4.4.1], transport of heat energy within any cross section of a fuel assembly occurs
through a combination ofradiative energy exchange and conduction through the helium gas thatdfills
the interstices between the fuel rods in the array. With the assumption of uniform heat generation
within any given horizontal cross section of a fuel assembly, the combined 'radiation and conduction
heat transport effects result in the following heat flow equation:

Q = CO F. A [TC - TB ] + 13.5740 L K,5 [Tc - TB]

where:
F= Emissivity Factor

'1
* (-+-- 1) .

CC, EB = emissivities of fuel cladding, fuel basket (see Table 4.2.4)
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CO = Assembly Geometry Factor

= 4N (when N is odd)
(N +1)2

=N 2 (when N is even)

N = Number of rows or columns of rods arranged in a square array
A = fuel assembly "box" heat transfer area = 4 x width x length
L = fuel assembly length
Kc, = fuel assembly constituent materials volume fraction weighted mixture conductivity
Tc= hottest fuel cladding temperature (0R)
TB = box temperature (0R)
Q = net radial heat transport from the assembly interior
a = Stefan-Boltzmann Constant (O.1714x10 8 Btu/ft2 -hr-°R4)

In the above heat flow equation, the first term is the Wooten-Epstein radiative heat flow contribution
while the second term is the conduction heat transport contribution based on the classical solution to
the temperature distribution problem inside a square shaped block with uniform heat generation
[4.4.5]. The 13.574 factor in the conduction term of the equation is the shape factor for two-
dimensional heat transfer in a square section. Planar fuel assembly heat transport by conduction
occurs through a series of resistances formed by the interstitial helium fill gas, fuel cladding and
enclosed fuel. An effective planar mixture conductivity is determined by a volume fraction weighted
sum of the individual constituent material resistances. For BWR assemblies, this formulation is
applied to the region inside the fuel channel. A second conduction and radiation model is applied
between the channel and the fuel basket gap. These two models are combined, in series, to yield a
total effective conductivity.

The effective conductivities of the fuel types for several representative PWR and BWR assemblies
are presented in Tables 4.4.1 and 4.4.2. At higher temperatures (approximately 450'F and above),
the zircaloy clad fuel assemblies with the lowest effective thermal conductivities are the W- 1 7x 17
OFA (PWR) and the GE 11 -9x9 (BWR). Based on this simplified analysis, the NV- 1 7x 17 OFA PWR
and GEl 1-9x9 BWR fuel assemblies are determined to be the bounding fuel types for planar
conductivity of zircaloy clad fuel.

Having established the governing (most resistive) PWR and BWR SNF types, we use a finite-
volume code to determine the effective conductivities in a rigorous manner. Detailed conduction-
radiation finite-volume models of the bounding PWVR and BWR fuel assemblies developed on the
FLUENT code are' shown in Figures 4.4.3 and 4.4.4, respectively. As discussed later in this
subsection, the models depicted in these figures have been benchmarked with results from
independent technical sources to confirm that they yield conservative results.

The combined fuel rods-helium matrix is replaced by an equivalent homogeneous material that fills
the basket opening by the following two-step procedure. In the first step, the FLUENT-based fuel
assembly model is solved by applying equal heat generation per unit length to the individual fuel
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rods and a uniform boundary temperature along the basket cell opening inside periphery. The
temperature difference between the peak cladding and boundary temperatures is used to determine
an effective conductivity as described in the next step. For this purpose, we consider a two-
dimensional cross section of a square shaped block with an edge length of 2L and a uniform
volumetric heat source (qg), cooled at the periphery with a uniform boundary temperature. Under the
assumption of constant material thermal conductivity (K), the temperature difference (AT) from the
center of the cross section to the periphery is analytically given by [4.4.5]:

q .
2

AT=0.29468 L
K

This analytical formula is applied to determine the effective material conductivity from a known
quantity of heat generation applied in the FLUENT model (smeared as a uniform heat source, qg)
basket opening size and AT calculated in the first step.

As discussed earlier, the effective fuel space conductivity must be a function of the temperature
coordinate. The above two-step analysis is carried out for a number of reference temperatures. In this
manner, the effective conductivity as a function of temperature is established.

Temperature-dependent effective conductivities of PWR and BWR design basis fuel assemblies
(most resistive SNF types) are shown in Figure 4.4.5. The finite volume results are also compared to
results reported from independent technical sources. From this comparison, it is readily apparent that
FLUENT-based fuel assembly conductivities are conservative. The FLUENT computed values (not
the published literature data) are used in the MPC thermal analysis presented 'in this document.

4.4.1.1.3 Effective Thermal Conductivity of Neutron Absorber/Sheathing/Box Wall Sandwich

Each MPC basket cell wall (except the MPC-68 and MPC-32 outer periphery cell walls) is
manufactured with a neutron absorbing plate for criticality control. Each neutron absorber plate is
sandwiched in a sheathing-to-basket wall pocket. A schematic of the "Box Wall- Neutron absorber-
Sheathing" sandwich geometry of an MPC basket is illustrated in Figures 4.4.6 and 4.4.7. During
fabrication, a uniform normal pressure is applied to each "Box Wall-Neutron Absorber-Sheathing"
sandwich in the assembly fixture during welding of the sheathing periphery on the box wall. This
ensures adequate surface-to-surface contact for elimination of any macroscopic gaps. The mean
coefficient of linear expansion of the neutron absorber is higher than the thermal expansion
coefficients of the basket and sheathing materials. Consequently, basket heat-up from the stored SNF
will further ensure a tight fit of the neutron absorber plate in the sheathing-to-box pocket. The
presence of small microscopic gaps due to less than perfect surface finish characteristics requires
consideration of an interfacial contact resistance between the neutron absorber and box-sheathing
surfaces. A conservative contact resistance resulting from a 2 mil neutron absorber to pocket gap is
applied in the analysis. In other words, no credit is taken for the interfacial pressure between
neutron absorber and stainless plate/sheet stock produced by the fixturing and welding process.
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Heat conduction properties of a composite "Box Wall- Neutron absorber-Sheathing" sandwich in the
two principal basket cross sectional directions as illustrated in Figure 4.4.6 (i.e., lateral "out-of-
plane" and longitudinal "in-plane") are unequal. In the lateral direction, heat is transported across
layers of sheathing, - helium gap, neutron absorber and box wall resistances that are essentially in
series (except for the small helium filled end regions shown in Figure 4.4.7). Heat conduction in the
longitudinal direction, in contrast, is through an array of essentially parallel resistances comprised of
these several layers listed above. For the ANSYS based MPC basket thermal model, corresponding
non-isotropic effective thermal conductivities in the two orthogonal sandwich directions are
determined and applied in the analysis.

These non-isotropic conductivities are determined by constructing two-dimensional finite-element
models of the composite "Box Wall- Neutron Absorber-Sheathing'' sandwich in ANSYS. A fixed
temperature (TJ) is applied to one edge of the model and a fixed heat flux is applied to the other
edge, and the model is solved to obtain the average temperature (Th) of the fixed-flux edge. The
equivalent thermal conductivity is the obtained using the resulting temperature difference across the
sandwich as input to a one-dimensional Fourier equation as follows:

K~tf = qxL

where:
Kff= effective thermal conductivity
q = heat flux applied in the ANSYS model
L = ANSYS model heat transfer path length
Th = ANSYS calculated average edge temperature
Te = specified edge temperature

The heat transfer path length will vary, depending on the direction of transfer (i.e., in-plane or out-
of-plane).

4.4.1.1.4 Modeling of Fuel Basket Conductive Heat Transport

The total conduction heat rejection capability of a fuel basket is a combination of planar and axial
contributions. These component contributions are calculated independently for each MPC basket
design and reported herein.

The planar heat rejection capability of each MPC basket design (i.e., MPC-24, MPC-68, MPC-32
and MPC-24E) is evaluated by developing a thermal model of the combined fuel assemblies and
composite basket walls geometry on the ANSYS finite element code. The ANSYS model includes a
geometric layout of the basket structure in which the basket "Box Wall- Neutron Absorber-
Sheathing" sandwich is replaced by a "homogeneous wall" with an equivalent thermal conductivity.
Since the thermal conductivity of the Alloy X material is a weakly varying function of temperature,
the equivalent "homogeneous wall" will have a temperature-dependent effective conductivity.
Similarly, as illustrated in Figure 4.4.7, the conductivities in the "in-plane" and "out-of-plane"
directions of the equivalent "homogeneous wall" are different. Finally, as discussed earlier, the fuel
assemblies and the surrounding basket cell openings are modeled as homogeneous heat generating
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regions with an effective temperature dependent in-plane conductivity. The methodology used to
reduce the heterogeneous MPC basket - fuel assemblage to equivalent thermal properties in the in-
plane and axial directions is discussed in this subsection.

(i) In-Plane Conductivity of the Fuel Basket

Consider a cylinder of height, L, and radius, r0, with a uniform volumetric heat source term, qg,
insulated top and bottom faces, and its cylindrical boundary maintained at a uniform temperature, TC.
The maximum centerline temperature (Th) to boundary temperature difference is readily obtained
from classical one-dimensional conduction relationships (for the case of a conducting region with
uniform heat generation and a constant thermal conductivity Ks):

(Th - T) = qg r02/(4 K.)

Noting that the total heat generated,in the cylinder (Qt) is 6r0
2 L ql, the above temperature rise

formula can be reduced to the following simplified form in terms of t6 tal heat generation per unit
length (Qt/L):

(Th - Tc) = (QtI L)/ (4 7r Ks)

This simple analytical approach is employed to determine an effective basket cross-sectional
conductivity by applying an equivalence between the ANSYS finite element model ofthe basket and
the analytical case. The equivalence principle employed in the thermal analysis is depicted in Figure
4.4.2. The 2-dimensional ANSYS finite element model of the MPC basket is solved by applying a
uniform heat generation per unit length in each basket cell region (depicted as Zone I in Figure
4.4.2) and a constant basket periphery boundary temperature, Ta'. Noting that the basket region with
uniformly distributed heat sources and a constant boundary temperature is equivalent to the
analytical case of a cylinder with uniform volumetric heat source discussed earlier, an effective MPC
basket conductivity (Keff) is readily derived from the analytical formula and ANSYS solution
leading to the following relationship:

Kff= N (Qf/L) /(4 r [Th -Tc])

where:
N number of fuel assemblies
(Qf'/L) = per fuel assembly heat generation per unit length applied in ANSYS model

-Th = peak basket cross-section temperature from ANSYS model

Cross sectional views of MPC basket ANSYS models are depicted in Figures 4.4.9 and 4.4.10.
Temperature-dependent equivalent thermal conductivities of the fuel regions and composite basket
walls, as determined from analysis procedures described earlier, are applied to the ANSYS model.
The planar ANSYS conduction model is solved by applying a constant basket periphery temperature
with uniform heat generation in the fuel region. The equivalent planar-thermal conductivity values
are lower bound values because, among other elements of conservatism, the effective conductivity of
the most resistive SNF types as stated earlier in Subsection 4.4.1 () is used in the MPC finite
element simulations.
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The basket in-plane conductivities are computed for intact fuel storage and containerized fuel stored
in Damaged Fuel Containers (DFCs). The MPC-24E is provided with four enlarged cells designated
for storing damaged fuel. The MPC-68 has sixteen peripheral locations for damaged fuel storage in
generic DFC designs. As a substantial fraction of the basket cells are occupied by intact fuel, the
overall effect of DFC fuel storage on the basket heat dissipation rate is quite small. Including the
effect of reduced conductivity of the DFC cells in MPC-24E, the basket conductivity is computed to
drop slightly (-0.6%). In a bounding evaluation in which the sixteen outer cells are occupied with
damaged fuel, the effect of reduced conductivity on the PCT is negligible (- 1F). Therefore, DFCs
do not pose a limitation on safe storage of fuel. The fuel basket planar conductivities are provided in
Table 4.4.3.

(ii) Axial Conductivity of the Fuel Basket

The axial heat rejection capability of each MPC basket design is determined by calculating the area
occupied by each material in a fuel basket cross-section, multiplying by the corresponding material
thermal conductivity, summing the products and dividing by the total fuel basket cross-sectional
area. In accordance with NUREG- 1536 guidelines, the only portion of the fuel assemblies credited
in these calculations is the fuel rod cladding (i.e. the contribution of fuel pellets to axial heat
conduction is ignored). In Table 4.4.3 the MPC fuel basket planar and axial conductivities are
provided.

4.4.1.1.5 Subsection Intentionally Deleted

4.4.1.1.6 Subsection Intentionally Deleted

4.4.1.1.7 Annulus Air Flow and Heat Exchange

The HI-STORM storage overpack is provided with four inlet ducts at the bottom and four outlet
ducts at the top. The ducts are provided to enable relatively cooler ambient air to flow through the
annular gap between the MPC and storage overpack in the manner of a classical "chimney". Hot air
is vented from the top outlet ducts to the ambient environment. Buoyancy forces induced by density
differences between the ambient air and the heated air column in the MIPC-to-overpack annulus
sustain airflow through the annulus.

In contrast to a classical chimney, however, the heat input to the HI-STORM annulus air does not
occur at the bottom of the stack. Rather, the annulus air picks up heat from the lateral surface of the
MPC shell as it flows upwards. The height dependent heat absorption by the annulus air must be
properly accounted for to ensure that the buoyant term in the Bernoulli equation is not overstated
making the solution unconservative. For this purpose, a "coupled-fluid" model of the HI-STORM
System is constructed for all HI-STORM analyses. The model, depicted in Figure 4.0.3 and
discussed in Subsection 4.0.1 includes both fluids, viz; air (in the annulus) and helium (in the MPC),
in one model. The model incorporates the interaction between the annulus air and the hot helium
circulating inside the MPC.
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4.4.1.1.8 Determination of Solar Heat Input

The intensity of solar radiation incident on an exposed surface depends on a number of time varying
terms. The solar heat flux strongly depends upon the time of the day as well as on latitude and day of
the year. Also, the presence of clouds and other atmospheric conditions (dust, haze, etc.) can
significantly attenuate solar intensity levels. Rapp [4.4.2] has discussed the influence of such factors
in considerable detail. -

Consistent with the guidelines inNUREG-1536 [4.4.10], solar input to the exposed surfaces of the
HI-STORM overpack is determined based on 1 2-hour insolation levels recommended in 1 OCFR7 1
(averaged over a 24-hour period) and applied to the most adversely located cask after accounting for
partial blockage of incident solar radiation on the lateral surface of the cask by surrounding casks. In
reality, the lateral surfaces of the cask receive solar heat depending on the azimuthal orientation of
the sun during the course of the day. In order to bound this heat input, the lateral surface of the cask
is assumed to receive insolation input with the solar insolation applied horizontally into the cask
array. The only reduction in the heat input to the lateral surface of the cask is due to partial blockage
offered by the surrounding casks. In contrast to its lateral surface, the top surface of HI-STORM is
fully exposed to insolation without any mitigation effects of blockage from other bodies. In order to
calculate the view factorbetwveen the most adversely located HI-STORM system in the array and the
environment, a conservative geometric simplification is used. The system is reduced to a concentric
cylinder model, with the inner cylinder representing the HI-STORM unit being analyzed and the
outer shell representing a reflecting boundary (no energy absorption).

Thus, the radius of the inner cylinder (Ri) is the same as the outer radius of a HI-STORM overpack.
The radius of the outer cylinder (R.) is set such that the rectangular space ascribed to a cask is
preserved. This is further explained in the next subsection. It can be shown that the view factor from
the outer cylinder to the inner cylinder (Fo..) is given by [4.4.3]:

11 B 1 B
Fo.i =x X[Cos"l (-Aj- - 2 {Nf(A + 2) (2 R)2 x cos '(

R 7tR A 2L RA
1 7r A

- +Bsin'( )-A}]

where:
F.i= View Factor from the outr cylinder to the inner cylinder
R = Outer Cylinder Radius to Inner Cylinder Radius Ratio (RofR 1)
L = Overpack Height to Radius Ratio
A = L2+ R2 -1
B = L2 - R2 + 1

Applying the theorem of reciprocity, the vie! w facior (Fs_4) from outer overpack surface, represented
by the inner cylinder, to the ambient can be determined as:

Fi.= Fo.Ri
,Ri
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I I

Finally, to bound the quantity of heat deposited onto the HI-STORM surface by insolation, the
absorptivity of the cask surfaces is assumed to be unity.

4.4.1.1.9 FLUENT Model for HI-STORM

In the preceding subsections, a series of analytical and numerical models to define the thermal
characteristics of the various elements of the HI-STORM System are presented. The thermal
modeling begins with the replacement of the Spent Nuclear Fuel (SNF) cross section and
surrounding fuel cell space with a porous region with an equivalent conductivity. Since radiation is
an important constituent of the heat transfer process in the SNF/storage cell space, and the rate of
radiation heat transfer is a strong function of the surface temperatures, it is necessary to treat the
equivalent region conductivity as a function of temperature. Because of the relatively large range of
temperatures in a loaded HI-STORM System under the design basis heat loads, the effects of
variation in the thermal conductivity of the Alloy X basket wall with temperature are included in the
numerical analysis model. The presence of significant radiation effects in the storage cell spaces
adds to the imperative to treat the equivalent storage cell lamina conductivity as temperature-
dependent.

Numerical calculations and FLUENT finite-volume simulations described in Subsection 4.4.1.1.2
provide the equivalent thermal conductivity as a function of temperature for the limiting (thermally
most resistive) BWR and PWR spent fuel types. Utilizing the most limiting SNF (established
through a simplified analytical process for comparing conductivities) ensures that the numerical
idealization for the fuel space effective conductivity is conservative for all fuel types.

Having replaced the fuel spaces by porous blocks with a temperature-dependent conductivity
essentially renders the basket into a non-homogeneous three-dimensional solid where the non-
homogeneity is introduced by the honeycomb basket structure composed of interlocking basket
panels. The basket panels themselves are a composite of Alloy X cell wall, neutron absorber, and
Alloy X sheathing metal. A conservative approach to replace this composite section with an
equivalent "solid wall" was described earlier.

In the next step, a planar section of the MPC is considered. The MPC contains a non-symmetric
basket lamina wherein the equivalent fuel spaces are separated by the "equivalent" solid metal walls.
The space between the basket and the MPC, called the peripheral gap, is filled with helium gas. At
this stage in the thermal analysis, the SNF/basket/MPC assemblage has been replaced with a two-
zone (Figure 4.4.2) cylindrical region whose thermal conductivity is a strong function of
temperature.

The thermal model for the HI-STORM overpack is prepared as a three-dimensional axisymmetric
body. For this purpose, the hydraulic resistances of the inlet ducts and outlet ducts, respectively, are
represented by equivalent axisymmetric porous media. Two overpack configurations are evaluated -
a classic design (HI-STORM 100) and an enhanced version (HI-STORM 100S) overpack The HI-
STORM 100 and HI-STORM I00S overpacks are thermally similar in as much as they yield thermal
solutions that are in reasonable agreement (-5"F). .The axial resistance to airflow in the
MPC/overpack annulus (which includes longitudinal channels to "cushion" the stresses in the MPC
structure during a postulated non-mechanistic tip-over event) is replaced by a hydraulically
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equivalent annulus. The surfaces of the ducts'and annulus are assumed to have a relative roughness
(E) of 0.001. This value is appropriate for rough cast iron, wood stave and concrete pipes, and is
bounding for smooth painted surfaces (all readily accessible internal and external HI-STORM
overpack carbon steel surfaces are protected from corrosion by painting or galvanization). Finally, it
is necessary to describe the external boundary conditions to the overpack situated on an ISFSI pad.
An isolated Ifl-STORM will take suction of cool air from and reject heated air to, a semi-infinite
half-space. In a rectilinear HI-STORM array, however, the unit situated in the center of the grid is
evidently hydraulically most disadvantaged, because of potential interference to air intake from
surrounding casks. To simulate this condition in a conservative manner, we erect a hypothetical
cylindrical barrier around the centrally local HI-STORM. The radius of this hypothetical cylinder,
R0, is computed from the equivalent cask array downflow hydraulic diameter (DI) which is obtained
as follows:

D 4 4x Flow Area
Wetted Perimeter

7t 2
4(A. -- d)

4.
Atdo

where:

Ao = Minimum tributary area ascribable to one HI-STORM (see Figure 4.4.24).
'do HI-STORM overpack outside' diameter

The hypothetical cylinder radius, Ro, is obtained by adding half DI to the radius of the HI-STORM
overpack. In this manner, the hydraulic equivalence between the cask array and the HI-STORM
overpack to hypothetical cylindrical annulus is established.

For purposes of the design basis analyses reported in this chapter, the tributary area A:, is assumed to
be equal to 346 sq. ft. Sensitivity studies on the effect ofthevalueofA Son the thermalperformance
of the HI-STORM System shows that the system response is essentially insensitive to the assumed
value of the tributary area. For example, a thermal calculation using A, 225 sq. ft. correspondingto
15 ft. square pitch) and design basis heat load showed that the peak cladding temperature is less than
I °Cgreater than that computed using A. - 346 sq. ft. Therefore, the distance between the vertically
arrayed HI-STORMs in an ISFSI should be guided by the practical (rather than thermal)
considerations, such as personnel access to maintaiin'air ducts or painting the cask external surfaces.

The internal surface of the hypothetical cylinder ofradius R. surrounding the HI-STORM module is
conservatively assumed to be insulated. Any thermal radiation heat transfer from the HI-STORM
overpack to this insulated surface will be perfectly reflected, thereby bounding radiative blocking
from neighboring casks. Then, in essence, the HI-STORM module is assumed to be confined in a
large cylindrical "tank" whose wall surface boundaries are modeled as zero heat flux boundaries.
The air in the "tank" is the source of "feed air" to the overpack. The air in the tank is replenished by
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ambient air from above the top of the HI-STORM overpacks. There are two sources of heat input to
the exposed surface of the HI-STORM overpack. The most important source of heat input is the
internal heat generation within the MPC. The second source of heat input is insolation, which is
conservatively quantified by assuming a bounding absorbtivity of unity. .

The FLUENT model consisting of the axisymmetric 3-D MPC space, the overpack, and the
enveloping tank is schematically illustrated in Figure 4.4.13. A summary of the essential features of
this model is presented in the following:

* A lower bound canister pressure of 105 psia under normal operating condition is postulated.

* Heat input due to insolation is applied to the top surface and the cylindrical surface of the
overpack with a bounding maximum solar absorbtivity equal to 1.0.

* The heat generation in the MPC is assumed to be uniform in a horizontal plane for uniform
loading and in each planar region (inner and outer) in regionalized storage. and varies in the
axial direction in accordance with the axial power distribution listed in Chapter 2.

* The most disadvantageously placed cask (i.e., the one subjected to maximum radiative
blockage), is modeled.

* The bottom surface of the overpack, in contact with the ISFSI pad, rejects heat through the
pad to the constant temperature (771F) earth below.

The finite-volume model constructed in this manner will produce an axisymmetric temperature
distribution. The peak temperature will occur at the centerline and is expected to be above the axial
location of peak heat generation. As will be shown in Subsection 4.4.2, the results of the finite-
volume solution bear out these observations.

As discussed in Chapter 2 of this FSAR, the commercial nuclear fuel (CSF) can be stored in any of
the MPCs in a uniform or regionalized configuration. The uniform storage arrangement implies that
the heat emission rate of every fuel assembly (intact or canisterized) must be less than or equal to the
MPC heat duty Qd (Table 4.4.39) divided by the number of storage locations. In regionalized
storage, the storage locations in the fuel basket are divided into two regions, denoted as Region I
and Region 2, respectively. The cells located in the core region of the basket constitute Region 1.
The peripheral cells define Region 2. The regionalization of the fuel basket must be configured such
that a fuel assembly' located in Region 1 is completely surrounded by Region 2 cells. Thus the
Region 2 fuel serves as an effective blocker of gamma radiation emitted by the fuel located in
Region 1. Regionalizing the storage of SNF such that the low heat emitting (therefore, lower dose
emitting fuel) is located in Region 2 and the high heat emitting fuel is confined to the core of the
basket (Region I) provides an effective method to minimize the radiation emitted from canister at a
storage pad or in transport. In particular, the dose limits prescribed for HLW packages in I OCFR7 1
mandate that careful attention be paid to minimize dose emitted from an MPC. By regionalizing fuel
storage in each basket, the aggregate dose at the site boundary can also be minimized which has a
direct relevance to public health and safety. Figures 4.4.27,4.4.28 and 4.4.29 depict Region 1 and 2
arrangements for MPC-32, MPC-24/24E, and MPC-68 respectively. In Table 4.4.30, the cell number
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allocations for regionalized storage are provided. In order to minimize the dose from the MPC the
design basis heat emission rate of fuel in Region 2 must be as low as practical. Denoting N1 and N2
respectively as the number of storage cells in regions 1 and 2, it follows that the MPC heat load (Q)
in regionalized storage is:

Q=Nlq +N 2 q2

where qi and q2 are the per assembly heat generation rates in Regions 1 and 2 respectively. For
reasons that we explain below, when qi = q2 (uniform storage), the value of Q is the maximum, say
Qd. In fact Q decreases monotonically as the ratio X = qI/q2 increases. Stated differently, the greater
the disparity in the specific heat generation rates in Regions 1 and 2, the greater the penalty on the
heat duty of the MPC. The reason that Q < Qd for regionalized storage§§ becomes clear by
considering the temperature profile in a typical MPC. As can be seen from Figures 4.4.19 and
4.4.20, the maximum cladding temperature is at its peak value at the centerline (core) of the basket
and decreases in the manner of a parabola with the radial co-ordinate. In other words,' the design
basis heat duty of the basket, Qd, is governed by the permitted value of the Peak' Cladding
Temperature (PCT) which occurs at the'centerline of the MPC. If the uniform storage (equal heat
generation rate in each cell) is replaced by two regions and the MPC decay heat heat non-uniformly
distributed in a manner that the core region is populated with more heat emissive fuel and outer
region with relatively less emissive fuel, then clearly the center line temperature will be further
elevated. To meet the PCT limit, the heat generation rate in Region 2 must reduced resulting in an
overall reduction in the heat duty of the MPC. To be'sure, increasing the rate of heat generation 'in
the core region of the MPC has a salutary effect of increasing the thermosiphon driven'upflow of
helium through the core region. However, calculations show that the enhanced heat transfer through
a more vigorous helium circulation is not enough to cancel out the elevation in PCT due to locally
increased heat generation.

To summarize, the HI-STORM 100 System is evaluated for two fuel storage scenarios. In one
scenario, designated as uniform loading, every basket cell is assumed to be occupied with fuel
producing heat at the maximum rate. In another scenario, denoted as regionalized loading, a two-
region fuel loading configuration is stipulated. The two regions are defined as an inner region (for
storing hot fuel) and an outer region with low decay heat fuel physically enveloping the inner region.
This scenario is depicted in Figure 4.4.25. The inner region is shown populated with fuel having a
heat load of q1 and the outer region with fuel of heat load q2, where q, > q2.. As depicted in Figures
4.4.27,4.4.28 and 4.4.29 four central locations in the MPC-24 and MPC-24E, twelve inner cells in
MPC-32 and 32 in MPC-68 are designated as inner region locations in the regionalized storage
scenario.

As discussed previously, under regionalized storage the MPC heat load (Q), defined previously, is
monotonically reduced as the disparity between the inner and outer region heat loads defined by the
parameter X (equal to ql/q2) is increased. Following'this logic path, the design heat loads under
regionalized storage are defined by a mathematical function Q(X) that satisfies two attributes:

§§ The reduction in Q due to regionalization is the direct outcome of placing comparatively hotter fuel in the core
region: The opposite arrangement, wherein the hotter fuel is located in Region 2, would permit the heat duty of the
MPC to be increased beyond Qd. Placing more heat emissive fuel in the outer region, however would be anti-
ALARA and therefore precluded as a storage option in the HI-STORM system.
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1) Q(X) reduces to uniform storage design heat load (Qd) as X approaches unity
2) Q(X) monotonically reduces with increasing X

A function Q(X) satisfying (1) and (2) above is adopted for regionalized storage. The mathematical
expression for Q(X) is:

Q(X) = 2Qd
(1+Xa)

where a is a constant (= 0.15) and X is permitted to vary from a minimum value of 1 to a maximum
value of 6. Graphical plots of Q(X) are provided in Figures 4.4.31 and 4.4.32 for PWR and BWR
MPCs, respectively. To confirm that the ISG-11, Rev. 32 cladding temperature limits are met for the
design heat loads stated in the manner above, an array of HI-STORM thermal analyses are
performed over a broad range of X (from 1 to 6) for each MPC type. From these analyses the
variation in peak cladding temperature with X is obtained, results reported and evaluated in
Subsection 4.4.2.

For the physical problem of regionalized storage, an infinite number of combinations of q, and q2
exist that would satisfy the PCT limits of the stored fuel. To provide maximum flexibility to the
ISFSI owner, an array of thermal analyses for each MPC type are performed to establish' a
continuum of regionalized storage options defined by the decay heats ratio X and the design heat
load function Q(X). The permissible regionalized heat loads are computed by a four step process:

Step 1: Select a numerical value of X between 1 and 6.

Step 2: Compute maximum permissible MPC heat load:
Q = 2Qdf(1+Xa)

Step 3: Compute permissible Region 2 SNF heat generation:
q2 = Q/(NIX + N2)

Step 4: Compute permissible Region I SNF heat generation:
qI - q2X

4.4.1.1.10 Subsection Intentionally Deleted

4.4.1.1.11 Subsection Intentionally Deleted

4.4.1.1.12 Subsection Intentionally Deleted

4.4.1.1.13 Subsection Intentionally Deleted
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4.4.1.1.14 MPC Helium Backfill Pressure

The quantity of helium emplaced in the MPC cavity shall be sufficient to produce an operating
pressure of 105 psia during normal storage at the design basis heat load. Thermal analyses
performed on the different MPC designs indicate' that this operating pressure requires a certain
minimum helium backfill pressure (Pb) specified at a reference temperature (700F). The minimum
backfill pressure for each MPC type is provided in Table 4.4.37. A theoretical upper limit on the
helium backfill pressure also exists and is defined by the design pressure of the MPC vessel (Table
2.2.1 in Chapter 2). The upper limit of Pb is reported in the last column of Table 4.4.37. To bound
the mninimum and maximum backfill pressures listed in Table 4.4.37 with a margin, a helium backfill
specification for all MPCs is set forth in Table 4.4.38.

There are two methods available for ensuring that the appropriate quantity of helium has been
placed in an MPC:

1. me.surement
By pressure measurement

ii. By measuring the quantity of MPC helium backfill (in standard cubic feet)

The direct pressure measurement approach is more convenient if the FHD method ofNMPC drying is
used. In this case, a certain quantity of heliuim is already in the MPC. Because the helium is mixed
inside the MPC during the FHD operation, the 'temperature of the helium gas' at the MPC's exit,
along with the pressure provides a reliable means to compute the inventory of helium in the MPC
cavity using pressure and temperature gages. The pressure in the FHD system, after adjustment
from the measured helium temperature to the reference temperature (70TF), is adjusted by addition or
withdrawal of helium such that it lies in the mid-range of the Pb specifications.

When vacuum drying is used as the method for MPC drying, then it is more convenient to fill the
MPC by introducing a known quantity of helium (in standard cubic feet) by measuring the quantity
of helium introduced using a calibrated mass flow meter. The required quantity'of helium (F) is
computed by the product of net free nominal volume and helium specific volume at a target pressure
that lies in the mid-range of the Pb specifications.

The net free nominal volume of the MPC is obtained by subtracting A from B, where

A = MPC cavity volume in the absence of contents (fuel and non-fuel hardware) computed
from nominal design dimensions

B = Total volume of the contents (fuel including DFCs, if used) based on nominal design'
dimensions

Using commercially available mass flow totalizers, an MPC cavity is filled with the computed
quantity of helium (F).
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4.4.1.2 Test Model

A detailed analytical model for thermal design of the HI-STORM System was developed using the
FLUENT CFD code and the industry standard ANSYS modeling package, as discussed in
Subsection 4.4.1.1. As discussed throughout this chapter and specifically in Section 4.4.6, the
analysis incorporates significant conservatisms so as to compute bounding fuel cladding
temperatures. Furthermore, compliance with specified limits of operation is demonstrated with
adequate margins. In view of these considerations, the HI-STORM System thermal design complies
with the thermal criteria set forth in the design basis (Sections 2.1 and 2.2) for long-term storage
under normal conditions. Additional experimental verification of the thermal design is therefore not
required.

4.4.2 Maximum Temperatures

All four principal MPC-basket designs developed for the HI-STORM System have been analyzed to
determine temperature distributions under long-term normal storage conditions, and the results
summarized in this subsection. A cross-reference of HI-STORM thermal analyses at other conditions
with associated subsection of the FSAR summarizing obtained results is provided in Table 4.4.22.
The MPC baskets are considered to be fully loaded with design basis PWR or BWR fuel assemblies,
as appropriate. The systems are arranged in an ISFSI array and subjected to design basis normal
ambient conditions with insolation. Both uniform loading and regionalized loading scenarios are
analyzed. For uniform loading, the MPC thermal payload is assumed to be at the design maximum
(Qd defined in Section 4.0). For regionalized loading, the storage scenarios are defined by the ratio X
= ql/q2 and an associated maximum heat load Q(X) defined in Subsection 4.4.1.1.9. The HI-STORM
System is analyzed under regionalized storage for X ranging from 1 to 6.

The thermal analysis is performed using a submodeling process where the results of an analysis on
an individual component are incorporated into the analysis of a larger set of components.
Specifically, the submodeling process yields directly computed fuel temperatures from which fuel
basket temperatures are then calculated. This modeling process differs from previous analytical
approaches wherein the basket temperatures were evaluated first and then a basket-to-cladding
temperature difference calculation by Wooten-Epstein or other means provided a basis for cladding
temperatures. Subsection 4.4.1.1.2 describes the calculation of an effective fuel assembly in-plane
thermal conductivity for an equivalent homogenous region. It is important to note that the result of
this analysis is a function of thermal conductivity versus temperature. This function for fuel thermal
conductivity is then input to the fuel basket effective in-plane thermal conductivity calculation
described in Subsection 4.4.1.1 .4. This calculation uses a finite-element methodology, wherein each
fuel cell region containing multiple finite-elements has temperature-varying thermal conductivity
properties. The resultant temperature-varying fuel basket thermal conductivity computed by this
basket-fuel composite model is then input to the fuel basket region of the FLUENT cask model.

Because the FLUENT cask model incorporates the results ofthe fuel basket submodel, which in turn
incorporates the fuel assembly submodel, the peak temperature reported from the FLUENT model is
the peak temperature in any component. In a dry storage cask, the hottest components are the fuel
assemblies. It should be noted that, because the fuel assembly models described in Subsection
4.4.1.1.2 include the fuel pellets, the FLUENT calculated peak temperatures reported in Tables
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4.4.9, 4.4.10 and 4.4.26 are actually peak pellet centerline temperatures which bound the peak
cladding temperatures, and are therefore conservatively reported as the cladding temperatures.

Applying the radiative blocking factor applicable for the worst case cask location, representative
axial temperature plots of the fuel cladding are shown in Figures 4.4.16 and 4.4.17 for a MPC-24
and a MPC-68 to depict the thermosiphon effect in PWR and BWR SNF. From these plots, the
upward movement of the hot spot is quite evident. As discussed in this chapter, these calculated
temperature distributions incorporate many conservatisms. The maximum fuel clad temperatures for
zircaloy clad fuel assemblies are listed in Tables 4.4.9, 4.4.10 and 4.4.26 which also summarize
maximum calculated temperatures in different parts of the MPCs and HI-STORM overpack (Table
4.4.36).

In Figures 4.4.19 and 4.4.20, respectively, representative radial temperature distributions in an
MPC-24 and an MPC-68 in the horizontal plane where the maximum fuel cladding temperature
occurs are graphed. Finally, axial variations of the ventilation air temperatures and that of the
overpack inner shell surface are graphed in Figure 4.4.26 for a bounding MPC. .

As stated in Subsection 4.4.1.1.9 an array of HI-STORM analyses are performed for the regionalized
storage option to characterize the variation of peak cladding temperature (PCT) with the, decay heats
ratio X. The PCT variations are graphed in Figures 4.4.33 through 4.4.35 over the permitted range of
X. From these graphs it is evident that the PCT is below the ISG-l 1, Rev. 3 2-limits for all MPCs.

The following additional observations can be derived by inspecting the temperature field obtained
from the finite volume analysis:

* The fuel cladding temperatures are below the regulatory limit (ISG-l 1, Rev. 32 ) under all
- storage scenarios (uniform and regionalized) and all MPCs.

The'maximum temperature of the basket structural material is within the stipulated design
temperature.

* The maximum temperature of the neutron absorber is below the design temperature limit.

* The maximum temperatures of the MPC pressure boundary materials are well below their
respective ASME Code limits.

* The maximum temperatures of concrete are Within the NRC's recommended limits [4.4.10]
(See Table 4.3.1.)

The calculated temperatures are based on a series of analyses, described previously in this chapter,
that incorporate -many conservatisms. A list of the significant conservatisms is provided in
Subsection 4.4.6 with a follow up discussion in Appendix 4.B. As sulch, the calculated temperatures
are upper bound values that would exceed actual temperatures.

; .,

HI-STORM FSAR -Proposed Rev. 2C
REPORT HI-2002444 4.4-21.



The above observations lead us to conclude that the temperature field in the HI-STORM System
with a fully loaded MPC containing design-basis heat emitting SNF complies with all regulatory and
industry temperature limits. In other words, the thermal environment in the HI-STORM System will
be conducive to long-term safe storage of spent nuclear fuel.

4.4.3 Minimum Temperatures

In Table 2.2.2 of this report, the minimum ambient temperature condition for the HI-STORM
storage overpack and MPC is specified to be -401F. If, conservatively, a zero decay heat load with
no solar input is applied to the stored fuel assemblies, then every component of the system at steady
state would be at a temperature of -40'F. All HI-STORM storage overpack and MPC materials of
construction will satisfactorily perform their intended function in the storage mode at this minimum
temperature condition. Structural evaluations in Chapter 3 show the acceptable performance of the
overpack and MPC steel and concrete materials at low service temperatures. Criticality and shielding
evaluations (Chapters 5 and 6) are unaffected by temperature.

4.4.4 Maximum Internal Pressure

The MPC is initially filled with dry helium after fuel loading and drying prior to installing the MPC
closure ring. During normal storage, the gas temperature within the MPC rises to its maximum
operating basis temperature as determined based on the thermal analysis methodology described
earlier. The gas pressure inside the MPC will also increase with rising temperature. The pressure rise
is determined based on the ideal gas law, which states that the absolute pressure of a fixed volume of
gas is proportional to its absolute temperature. Tables 4.4.12, 4.4.13, 4.4.24, and 4.4.25 present
summaries of the calculations performed to determine the net free volume in the MPC-24, MPC-68,
MPC-32, and MPC-24E, respectively.

The MPC maximum gas pressure is considered for a postulated accidental release of fission product
gases caused by fuel rod rupture. For these fuel rod rupture conditions, the amounts of each of the
release gas constituents in the MPC cavity are summed and the resulting total pressures determined
from the Ideal Gas Law. Based on fission gases release fractions (per NUREG 1536 criteria
[4.4.10]), net free volume and initial fill gas pressure, the bounding maximum gas pressures with I %
(normal), 10% (off-normal) and 100% (accident condition) rod rupture are given in Table 4.4.14.
The maximum gas pressures listed in Table 4.4.14 are all below the MPC internal design pressure
listed in Table 2.2.1.

The inclusion of PWR non-fuel hardware (BPRA control elements and thimble plugs) to the PWR
baskets influences the MPC internal pressure through two distinct effects. The presence of non-fuel
hardware increases the effective basket conductivity, thus enhancing heat dissipation and lowering
fuel temperatures as well as the temperature of the gas filling the space between fuel rods. The gas
volume displaced' by the mass of non-fuel hardware lowers the cavity free volume. These two
effects, namely, temperature lowering and free volume reduction, have opposing influence on the
MPC cavity pressure. The first effect lowers gas pressure while the second effect raises it. In the HI-
STORM thermal analysis, the computed temperature field (with non-fuel hardware excluded) has
been determined to provide a conservatively bounding temperature field for the PWR baskets (MPC-
24, MPC-24E, and MPC-32). The MPC cavity free space is computed based on volume
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displacement by the heaviest fuel (bounding weight) with non-fuel hardware included. This
approach ensures conservative bounding pressures.

During in-core irradiation of BPRAs, neutron capture by the B-b0 isotope in the neutron absorbing
material produces helium. Two different forms of the neutron absorbing material are used in BPRAs:
Borosilicate glass and B4C in a refractory solid matrix (A1203). Borosilicate glass (primarily a
constituent of Westinghouse BPRAs) is used in the shape of hollow pyrex glass tubes sealed within
steel rods and supported on the inside by a thin-walled steel liner. To accommodate helium diffusion
from the glass rod into the rod internal space, a relatively high void volume (-40%) is engineered in
this type of rod design. The rod internal pressure is thus designed to remain below reactor operation
conditions (2,300 psia and approximately 600'F coolant temperature). The B4C- A1203 neutron
absorber material is principally used in B&W and CE fuel BPRA designs. The relatively low
temperature of the poison material in BPRA rods (relative to fuel pellets) favors the entrapment of
helium atoms in the solid matrix.

Several BPRA designs are used in PWR fuel that differ in the number, diameter, and length of
poison rods. The olderWestinghouse fuel (W-14x14 andW-15xl5) has used 6, 12, 16, and 20 rods
per assembly BPRAs and the later (W-1 7x17) fuel uses up to 24 rods per BPRA. The BPRA rods in
the older fuel are much larger than the later fuel and, therefore, the B-10 isotope inventory in the 20-
rod BPRAs bounds the newer W-17x17 fuiel. Based on bounding BPRA rods internal pressure, a
large hypothetical quantity of helium (7.2 g-moles/BPRA) is assumed to be available for release into
the MPC cavity from each fuel assembly in the PWR baskets. The MPC cavity pressures (including
helium from BPRAs) are summarized in Table 4.4.14.

4.4.5 Maximum Thermal Stresses

Thermal stress in a structural component is'the resultant sum of two factors, namely: (i) restraint of
free end expansion and (ii) non-uniform temperature distribution. To minimize thermal stresses in
load bearing members, the HI-STORM System is engineered with adequate gaps to permit free
thermal expansion of the fuel basket and MPC in axial and radial directions. In this sub-section,
differential thermal expansion calculations are performed to demonstrate that engineered gaps in the
HI-STORM System are adequate to accommodate thermal expansion. . To facilitate structural
integrity evaluations, temperature distributions are provided herein (Tables 4.4.9,4.4.10 and 4.4.26).

As stated above, the HI-STORM System is engineered with gaps for the fuel basket and MPC to
thermally expand without restraint of free end expansrion. Differential thermal expansion of the
following gaps are evaluated:

a) Fuel Basket-to-MPC Radial Gap
b) Fuel Basket-to-MPC Axial Gap
c) MPC-to-Overpack Radial Gap'
d) MPC-to-Overpack Axial Gap

To demonstrate that the fuel basket and MPC are free to expand without restraint, it is required to
show that differential thermal expansion from fuel heat up is less than the as-built gaps that exist in
the HI-STORM System. For this purpose a suitably bounding temperature profile (T(r)) for the fuel
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K>
basket is established in Figure 4.4.30 wherein the center temperature (TC) is set at the limit (752'F)
for fuel cladding (conservatively bounding assumption) and the basket periphery (TP) conservatively
postulated at an upperbound of 6000F (See Tables 4.4.9, 4.4.10 and 4.4.26 for the maximum
computed basket periphery temperatures). To maximize the fuel basket differential expansion, the
basket periphery-to-MPC shell temperature difference is conservatively maximized (AT = 1750F).
From thebounding temperature profile T(r) andAT, the mean fuel basket temperature (TI) andMPC
shell temperature (T2) are computed as follows:

JrT(r)dr

TI=°
frdr
0

- 676TF

T2=TP-AT
=425TF

The differential radial growth of the fuel basket (YI) from an initial reference temperature (To =
700F) is computed as:

Y1 = R* {Al*(T1 - To) - A2*(T2 - To)}
where:

R = Basket radius (conservatively assumed to be the MPC radius)
Al, A2 = Coefficients of thermal expansion for fuel basket and MPC shell at TI and T2

respectively for Alloy-X (Chapter 1 and Table 3.3.1)

For computing the relative axial growth of the fuel basket in the MPC, bounding temperatures for
the fuel basket (TC) and MPC shell temperature T2 computed above (assuming a maximum basket
periphery-to-MPC shell temperature differential) are adopted. The differential expansion is
computed by a formula similar to the one for radial growth after replacing R with basket height (H)
which is conservatively assumed to be that of the MPC cavity.

For computing the radial and axial MPC-to-overpack differential expansions, the MPC shell is
postulated at its design temperature (Chapter 2, Table 2.2.3) and thermal expansion of the overpack
is ignored. Even with the conservative computation of the differential expansions in the manner of
the foregoing, it is evident from the data compiled in Table 4.4.40 that the differential expansions are
a fraction of their respective gaps.

4.4.6 Evaluation of System Performance for Normnal Conditions of Storage

The HI-STORM System thermal analysis is based on a detailed and comiplete heat transfer model
that conservatively accounts for all modes of heat transfer in various portions of the MPC and
overpack. A comprehensive discussion of HI-STORM conservatisms is provided in Appendix 4.B.
A numbered list of the many thermal modeling conservatisms for long-term storage is provided
hereunder:
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1. The most severe levels of environmental factors for long-term normal storage, which are an
ambient temperature of 80'F and 1OCFR71 insolation levels, were coincidentally imposed
on the system.

2. The most adversely located* HI-STORM System in an ISFSI array was considered for
analysis.

3. The thermosiphon effect in the MPC, which is intrinsic to the HI-STORM fuel basket
design is included in the thermal analyses, using a conservative model, by assuming the top
and bottom plenum spaces for helium flow to be less than actual values.

4. No credit was considered for contact between fuel assemblies and the MPC basket wall or
between the MPC basket and the basket supports. The fuel assemblies and MPC basket were
conservatively considered to be in concentric alignment.

5. The MPC is assumed to be loaded with an SNF which has the maximum resistance to heat
dissipation (planar and axial) and helium flow of all fuel types in its category (BWR or
PWR), as applicable.

6. The design basis maximum decay heat loads are used for all thermal-hydraulic analyses. For
casks loaded with fuel assemblies having decay heat generation rates less than design basis,
additional thermal margins of safety will exist.

7. Conservative bounding flow resistance factors are employed to simulate flow through MPC
3-D continuum.

8. Axial heat transfer through fuel pellets is ignored.

9. Heat dissipation by grid spacers, top & bottom fittings is ignored.

10. Insolation heating assumed with a bounding absorbtivity (=1.0).

11. A margin between the computed peak cladding temperature and 400'C limit is provided for
all MPCs.

12. The computed values of MPC axial conductivities are understated in the thermal models.

13. The flux trap flow areas (MPC-24/24E designs) are ignored in the MPC thermosiphon
cooling models.

In an ISFSI array, HI-STORM Overpacks at interior locations are relatively more disadvantaged in their lateral
access to ambient air and in their effectiveness to radiate heat to environment. To bound these effects, a reference
cask is enclosed in a hypothetical reflecting cylinder as described in Section 4.4.1.1.9 and Appendix 4B.
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Temperature distribution results obtained from this highly conservative thermal model show that the
maximum fuel cladding temperature limits are met with adequate margins. Expected margins during
normal storage will be much greater due to the many conservative assumptions incorporated in the
analysis. The long-term impact of decay heat induced temperature levels on the HI-STORM System
structural and neutron shielding materials is considered to be negligible. The maximum local MPC
basket temperature level is below the recommended limits for structural materials in terms of
susceptibility to stress, corrosion and creep-induced degradation. Furthermore, stresses induced due
to imposed temperature gradients are within Code limits. Therefore, it is concluded that the HI-
STORM System thermal design is in compliance with lOCFR72 requirements.
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Table 4.4.1

SUMIARY OF PWR FUEL ASSEMBLY EFFECTIVE
THERMAL CONDUCTIVITIES

Fuel @ 200°F @ 450°F @ 700°F

(Btu/ft-hr-0 F) (Btu/ft-hr-0F) (Btu/ft-hr-°F)

W -17xl7 OFA 0.182 0.277 0.402

W- 17x17 Standard 0.189 0.286 0.413

W- 17x17 Vantage 0.182 0.277 0.402

W- 15x15 Standard 0.191 0.294 0.430

W- 14x14 Standard 0.182 0.284 0.424

W- 14x14 OFA 0.175 0.275 0.413

B&W- 17x17 0.191 0.289 0.416

B&W- 15x15 0.195 0.298 0.436

CE- 16x16 0.183 0.281 0.411

CE- 14x14 0.189 - - - 0.293 0.435

HNI - 15x15 SS . 0.180 0.265 0.370

W- 14x14 SS 0.170 0.254 0.361

B&W-15xl5
B -x0.187 0.289 0.424
M ark B-Il11_ _ _ _ _ _ _ _ _ _ _

CE-14x14 (MP2) 0.188 0.293 0.434

IP-1 (14xl4) SS 0.125 0.197 0.293

t Haddam Neck Plant B&W or Westinghouse stainless steel clad fuel assemblies.
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Table 4.4.2

SUMMARY OF BWR FUEL ASSEMBLY EFFECTIVE
THERMAL CONDUCTIVITIES

Fuel @ 2000 F ® 450OF @ 7000 F

(Btu/ft-hr-OF) (Btulft-hr-OF) (Btulft-hr-0F)

Dresden 1 - 8x8t 0.119 0.201 0.319

Dresden 1 - 6x6t 0.126 0.215 0.345

GE - 7x7 0.171 0.286 0.449

GE - 7x7R 0.171 0.286 0.449

GE - 8x8 0.168 0.278 0.433

GE - 8x8R 0.166 0.275 0.430

GE10 - 8x8 0.168 0.280 0.437

GE11 - 9x9 0.167 0.273 0.422

ACttG -IOx90 0.152 0.222 0.309

Exxon-IOxI0 SS 0.151 0.221 0.308

Damaged Dresden-I
8x8t (in a Holtec 0.107 0.169 0.254
damaged fuel
container)

Humboldt Bay-7x7t 0.127 0.215 0.343

Dresden-i Thin Clad 0.124 0.212 0.343
6x6t

Damaged Dresden-i
8x8 (in TN D-1 0.107 0.168 0.252
canister)t

W8xQua8.164 0.276 0.435
Westinghouset I.6 026I.3

t Cladding temperatures of low heat emitting Dresden (intact and damaged) SNF in the HI-STORM System will be
bounded by design basis fuel cladding temperatures. Therefore, these fuel assembly types are excluded from the
list of fuel assemblies (zircaloy clad) evaluated to determine the most resistive SNF type.

tt Allis-Chalmers stainless steel clad fuel assemblies.

HI-STORM FSAR
REPORT HI-2002444

Proposed Rev. 2C
4.4-28



Table 4.4.3

MPC BASKET PLANAR AND AyA ttt THERMAL CONDUCTIVITY VALUES

Basket @2000F @4500F @7000F
(Btu/ft-hr-0 F) (Btu/ft-hr-0 F) (Btu/ft-hr-0 F)

MPC-24/24E 1.127 (planar) 1.535 (planar) 2.026 (planar)
2.427 (axial) 2.666 (axial) 2.870 (axial)

MPC-68 1.025 (planar) 1.257 (planar) . 1.500 (planar)
2.186 (axial) 2.379 (axial) 2.548 (axial)

MPC-32 0.964 (planar) 1.214 (planar) 1.486 (planar)
1 1.773 (axial) 1.933 (axial) 2.079 (axial)

ttt The axial thermal conductivity values reported herein are understated 5%.
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Table 4.4.4 through 4.4.8

[INTENTIONALLY DELETED]
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Table 4.4.9

HI-STORMt SYSTEM LONG-TERM NORMAL
UNIFORM STORAGE MAXIMUM TEMPERATURES

(MPC-24/24Ett1 BASKET)

Component Normal Long-Term
Condition Temperature

Temp. (f') Limit (IF)

Fuel Cladding 688 7525§5

MPC Basket** 633 7 2 5 ttt

Basket Periphery 569 725ttt_

MPC Shell 466 500

t Bounding overpack temperatures are provided in Table 4.4.36.

t4: Limiting values reported.
§§§ The temperature limit is in accordance with ISG-I 1, Rev. 3 2.
**** The maximum neutron absorber temperature is essentially the same as the maximum MPC basket

temperature reported in this table.
" t The ASME Code allowable temperature of the fuel basket Alloy X materials is 800'F. This lower

temperature limit is imposed to add additional conservatism to the analysis of the HI-STORM System.

I
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Table 4.4.10

HI-STORMt SYSTEM LONG-TERM NORMAL
UNIFORM STORAGE MAXIMUM TEMPERATURES

(MPC-68 BASKET)

Component Normal Long-Term
Condition Temperature
Temp. (IF) Limit (fF)

Fuel Cladding 731 75 2 tt

MPC Baskettttt 706 7 2 5 ttt

Basket Periphery 579 7 2 5ttt

MPC Shell 470 500

t Bounding overpack temperatures are provided in Table 4.4.36.

tt The temperature limit is in accordance with ISG-l I, Rev. 3 2.
tttt The maximum neutron absorber temperature is essentially the same as the maximum MPC basket

temperature reported in this table.

tt t The ASME Code allowable temperature of the fuel basket Alloy X materials is 800'F. This lower
temperature limit is imposed to add additional conservatism to the analysis of the HI-STORM System.
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Table 4.4.11

INTENTIONALLY DELETED
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Table 4.4.12

SUMMARY OF MWC-24 FREE VOLUME CALCULATIONS

Item Volume (ft3)

Cavity Volume 367

Basket Metal Volume 45

Bounding Fuel Assemblies Volume 79

Basket Supports and Fuel Spacers Volume 7

Net Free Volume 236 (6683 liters)
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Table 4.4.13

SUMMARY OF MPC-68 FREE VOLUME CALCULATIONS

Item Volume (ft3)

Cavity Volume 367

Basket Metal Volume 35

Bounding Fuel Assemblies Volumie 93

Basket Supports and Fuel Spacers Volume . 12

Net Free Volume , 227 (6428 liters)
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Table 4.4.14
SUMMARY OF MPC CONFINEMENT BOUNDARY PRESSURESt

FOR LONG-TERM STORAGE
Condition Pressure (psig)Ml

MPC-24:

Initial backfill (at 70'F) 48.8

Normal condition 97.9

With 1% rods rupture 98.6

With 10% rods rupture 104.8

With 100% rods rupture 167.1

MPC-68:

Initial backfill (at 70'F) 48.8

Normal condition 97.3

With 1% rods rupture 97.7

With 10% rods rupture 101.7

With 100% rods rupture 141.5

MPC-32:

Initial backfill (at 70'F) 48.8

Normal Condition 97.0

With 1% rods rupture 98.0

With 10% rods rupture 106.6

With 100% rods rupture 192.3

MPC-24E:

Initial backfill (at 70'F) 48.8

Normal Condition 97.9

With 1% rods rupture 98.6

With 10% rods rupture 105.0

With 100% rods rupture 169.3

t Per NUREG-1536, pressure analyses with postulated rods rupture (including BPRA rods for PWR
fuel) is performed with release of 100% of the ruptured fuel rod fill gas and 30% of the significant
radioactive gaseous fission products.

tt~t The pressures reported in this table are computed assuming the helium backfill pressure is at it's
upperbound limit (Table 4.4.38).
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Table 4.4.15 through 4.4.21

[INTENTIONALLY DELETED]
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Table 4.4.22
MATRIX OF HI-STORM SYSTEM THERMAL EVALUATIONS

Scenario Description Ultimate Analysis Principal Input Results in
Heat Sink Type Parameters FSAR

Subsection
1 Long Term Ambient SS NT, QD, ST, SC, lo 4.4.2

Normal
2 Off-Normal Ambient SS(B) OT, QD, ST, SC, Io 11.1.2

Environment .-
3 Extreme Ambient SS(B) ET, QD, ST, SC, Io 11.2.15

Environment
4 Partial Ducts Ambient SS(B) NT, QD, ST, SC, I,2 11.1.4

Blockage . -

5 Ducts Blockage Overpack TA NT, QD, ST, SC, Ic 11.2.13
Accident

6 Fire Accident Overpack TA QD, F 11.2.4
7 Tip Over Overpack All QD 11.2.3

Accident .
8 Debris Burial Overpack All QD 11.2.14

Accident .

Legend:
NT - Maximum Annual Average (Normal) Temperature (80 0F)
OT- Off-Normal Temperature (100 0F)
ET - Extreme Hot Temperature (1 25 0F)
QD - Design Basis Maximum Heat Load
SS - Steady State
SS(B) - Bounding Steady State
TA - Transient Analysis
AH - Adiabatic Heating

To - All Inlet Ducts Open
12 - Half of Inlet Ducts Open

Ic - All Inlet Ducts Closed

ST - Insolation Heating (Top)
SC - Insolation Heating (Curved)
F - Fire Heating (14757F)
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-Table 4.4.23

[INTENTIONALLY DELETED]
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Table 4.4.24

SUMMARY OF MPC-32 FREE VOLUME CALCULATIONS

Item Volume (ft3)
Cavity Volume 367
Basket Metal Volume. 25
Bounding Free Assemblies Volume 106
Basket Supports and Fuel Spacers Volume 9
Net Free Volume 227 (6428 liters)
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Table 4.4.25

SUMMARYOF MPC-24E FREE VOLUME CALCULATIONS

Item Volume (ft3)
Cavity Volume 367
Basket Metal Volume 52
Bounding Fuel Assemblies Volume 79
Basket Supports and Fuel Spacers Volume 7.
Net Free Volume 229 (6484 liters)

HI-STORM FSAR
REPORT HI-2002444

Proposed Rev. 2C
4.4-41



Table 4.4.26

HI-STORMt SYSTEM LONG-TERM NORMAL UNIFORM STORAGE
MAXIMUM TEMPERATURES

(MPC-32 BASKET)

Component Normal Condition Temp. (0F) Long-Term Temperature Limit
(OF)

Fuel Cladding 662 7 5 2 tt
MPC Basketl 621 7 2 5 ttt

Basket Periphery 565 725ttt
MPC Shell 463 500

t Bounding overpack temperatures are provided in Table 4.4.36.

tt The temperature limit is in accordance with ISG-11, Rev. 3 3.

§§§§ The maximum neutron absorber temperature is essentially the same as the maximum MPC basket
temperature reported in this table.

tt t The ASME Code allowable temperature of the fuel basket Alloy X materials is 8000F. This lower temperature
limit is imposed to add additional conservatism in the analysis of the HI-STORM Systems.
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Table 4.4.27 through 4.4.29

[INTENTIONALLY-DELETED]
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Table 4.4.30

MPC REGIONALIZED STORAGE CONFIGURATIONS

NIPC Type Inner Region Outer Region Depicted in Figure
Assemblies (n1) Assemblies (n2)

MPC-24/24E 4 20 Figure 4.4.28
MPC-32 12 20 Figure 4.4.27
MPC-68 32 36 Figure 4.4.29
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Table 4.4.31 through 4.4.35

[INTENTIONALLY DELETED]
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Table 4.4.36

BOUNDING LONG-TERM NORMAL STORAGE
HI-STORM OVERPACK TEMPERATURES

Componentt Local Section Temperaturett Long-Term Temperature
. (OF) Limit (0F)

Inner shell 243 350
Outer shell 183 350

Lid bottom plate 412 450
Lid top plate 218 450

MPC pedestal plate 180 350
Baseplate 108 350

Overpack Body Concrete 193 300
Radial shield

Overpack Lid Concrete 295 300
Overpack Pedestal Concrete 142 300

t See Figure 1.2.8 for a description of HI-STORMF components.
tt Section temperature is defined as the through-thickness average temperature.
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Table 4.4.37

ACCEPTABLE RANGE OF MPC HELIUM BACKFILL PRESSURE"'

MPC Minimum Backfill Pressure Maximum Backfill Pressure
rpsig] rpsig] -

MPC-32 45.0 -50.5
MPC-24/24E . 44.5 50.0
- MPC-68 44.9 50.4

***** The pressures tabulated herein are at a reference gas temperature of 70'F.
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Table 4.4.38

MPC HELIUM BACKFILL PRESSURE SPECIFICATIONS

Item Specification

Minimum Pressure 45.2 psig @ 700F Reference Temperature

Maximum Pressure 48.8 psig @ 70"F Reference Temperature

. I
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Table 4.4.39

DESIGN MAXIMUM HEAT LOADS FOR THE HI-STORM SYSTEM

MPC Type . Heat Load (Qd) .
.. ..-. . [kW]

I PWRMPCs 38

BWR MPCs 35.5
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Table 4.4.40

SUMMARY OF HI-STORM DIFFERENTIAL EXPANSIONS

Gap Description Cold Gap (U), inch Differential Is Free Expansion
Expansion (V), inch Criteria Satisfied

(i.e.U>V)
Fuel Basket-to-MPC 0.1875 0.096 Yes

Radial Gap
Fuel Basket-to-MPC 1.25 0.499 Yes

Axial Gap
MPC-to-Overpack 0.5 0.139 Yes

Radial Gap.
MPC-to-Overpack 1.0 0.771 Yes

Axial Gap
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4.5 THERMAL EVALUATION OF SHORT TERM OPERATIONSI

4.5.1 Synopsis of Short Term Operations

Prior to placement in a HI-STORM overpack, an MPC must be loaded with fuel, outfitted with
closures, dewatered, dried, backfilled with helium and transferred to the HI-STORM module.
In the unlikely event that the fuel needs to be returned to the spent fuel pool, these steps must be
performed in reverse. Finally, if required, transfer of a loaded MPC between HI-STORM
overpacks or between a HI-STAR transport overpack and a HI-STORM storage overpack must
be carried out in an assuredly safe manner. All of the above operations are short duration events
that would likely occur no more than once or twice for an individual MPC. As stated in Chapter
2, ISG-1 1, Rev. 3 2 places a temperature limit on the fuel cladding temperature under all short
term operations.

The device central to all of the above operations is the HI-TRAC transfer cask that, as stated in
Chapter 1, is available in two anatomically identical design platforms denoted as HI-TRAC 1 00
and HI-TRAC 125. The HI-TRAC transfer cask is a short-term host for the MPC; therefore it is
necessary to establish that during all thermally challenging operation events involving either of
the two HI-TRAC designs, the permissible temperature limits specified in Reference [4.1.4];
unless-other-vise justified, are not exceeded. The following discrete thermal scenarios, all of
short duration, involving the HI-TRAC transfer cask have been identified as warranting thermal
analysis.

i. Loading Operations with Flooded MPC
ii. Drying of the MPC Cavity
iii. Onsite transport in HI-TRAC
iv. MPC Cooldown and Reflood for Defueling Operations

Each of the above conditions corresponds to a distinct thermal state for the spent fuel stored in
the MPC. The first three conditions pertain to MPC loading operations; the last scenario is
germane to the rare case when a loaded MPC needs to be defueled. Out of the four scenarios
listed above, demoisturization using the vacuum drying method is thermally most challenging
causing the greatest elevation in fuel cladding temperatures. On-site transport of the MPC
generally occurs with the HI-TRAC in the vertical orientation, which preserves the thermosiphon
action within the MPC. However, there may be a scenario wherein on-site transport of an MPC
must occur with the HI-TRAC in the horizontal configuration. Horizontal transfer is thermally
more adverse than its vertical configuration because of the suppression of the thermosiphon
mode of cooling when HI-TRAC is horizontal. The above mentioned scenarios associated with
fuel loading are carried out in reverse if the contents of an MPC have to be unloaded.

The fuel handling operation scenarios described above place a certain level of constraint to the
dissipation of heat from the MPC relative to the normal storage condition. Consequently, for
some scenarios, it is necessary to limit the maximum MPC heat generation rates to those at

I Because of the significant quantity of new material required to satisfy ISG-1 I Revision 3 (latest revisien), this
section has been rewritten in its entirety.
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which the steady state fuel cladding temperature limits are approached. Henceforth, these
limiting heat generation rates for each scenario will be referred to as the "threshold heat load"
(QT) for that scenario. For certain scenarios the threshold heat loads may be more restrictive than
the design basis heat load. The threshold heat loads to comply with the prescribed temperature
limits for the short term operations are computed and reported in this chapter. Analyses are
performed for short term operations, and threshold heat loads obtained and reported in
Subsections 4.5.4 through 4.5.7.

4.5.1.1 Supplemental Cooling System

For a HI-TRAC lodded with greater than threshold heat loads, a new ancillary, henceforth
referred to as the Supplemental Cooling System (SCS) is required to provide additional cooling
during short term operations. The specific design ofan SCS must accord with site-specific needs
including the availability of plant utilities. However, a set ofspecifications to ensure that the
performance objectives of the supplemental cooling system will be satisf ed by any plant-specif c
design are setforth in FSAR Chapter 2 as Appendix 2. C.

4.5.2 Thermal Acceptance Criteria for Short Termn Operations

As stated in Section 4. 1, the HI-STORM FSAR seeks to establish complete compliance with the
provisions of Reference [4.1.4]. This requires the maximum cladding temperature to not exceed
ISG-l 1 limits (see Table 4.3. 1) during short term operations for all high burnup fuel.

As stated in Section 4. l, for M4PCs loaded with only Moderatc Burnup Fuel OWBF), short tenn
operations are peRmitted provided the follow ng two criteria are satisfic.

(i)The estimated cladding hoop stress, G does not exeeed 90 WPa.
(ii)The peak claddin temperatureisr belo 570'G. (1fM5 t F).

Beeause the cladding stress is a funetien of cladding thikl.
- t Ir,¢ - tAM. A…

iness and cladding corrosion,
-am J 1 n __I I- --- ---

*h _
-t=t

estia mon et stress tntenen kni above), 0i neciessi, nmust D3e rue specCfIc. ilne-neeessaY
computations arc performed by a cask user opting for this criterion by employing the
methodology described next.

The procedure for estimating E to establish complianee with. Criter-in (ii) above is carried ou
in the following steps:

a. Determine the axial temperature distributien in the hettest red usingthe HI STORM
thermal medel presented in this chapter.

The applicable heat load is based on the SNF batch to be loaded in the MPC. The
maximum SxIF beat gener-atien rate (calculated using methods described in Chapter- 5) is

Fr BF that does nt must criteria, the Referenee [1.1.1] tempera4elimitshall
apply. I
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ascribed to every fuel assembly to b
all SNF in an MPC.

waunrd1 the actual cumualative heat genreration rate from

b. Compute the average gas temperature in the hottest-rod

For computing the average gas temperature in the fuel rod, two distinct axial zones in the
fuel rod are identified. One zone is the fuel rod pellets stack region uherein the gas space
consists ofthe annular gap between the pellet and the cladding inside surface. The othei
region is the gas plenum space above the fuel pellets. T., is obtained by a gas volume
weighted average ef the mean rod temperature in the two rregions. .T.,s-eer
the hottest fuel red by the following formula:

v- LT(z)dz + K [T(z)dz
f _; a

V+V

whfere:T(z): axial rod temperaere profile
IV: gasvolume in pellet te clad gap

*:. plenum gas volure
a: length f pellet stack regn e
L: fuel red lengthI .

. , c. Compute the plenum gas pressure, PA

Th itial thermo ynamic state of gas eonfined inside a fuel rod is specified by two
parameters: Gas pressure (Ps) and a reference .as temrerature Te) in asolute units. By
the dearl GasLaw, the ro gas pressure upon heat upder F vacuk-( IV/ is prepertimnal
te the average gas temperature of a ful rod IT ) nth er "-we-rd

. . .

dl. (Compute the maximum cladcine heoop stress, es.
- -- .r ~- - ...

Thc hoop. stress-(af,), develope4 in p~pdding is a function of red internal daeter (d)
cladding thiceness (t) and an internal rod gas pressure (P). Th stress is computed by the
Lame formula given below:

-, .g
- -: - H~~ di,

*2t

The cladding thiclness should be taken as the nominal thiclmess less the estimated metal
less due to eerrosion. The inside diameter of the cladding sheuld be taken as the nominal
diameter. Satisfying the above cited 90 MPa limit is an essential requirement for the
MBF's cladding temperature limit to be set at 570°C for short term operations.
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4.5.3 The HI-TRAC Thermal Model

4.5.3.1 Overview

The HI-TRAC transfer cask is used to load and unload the HI-STORM concrete storage
overpack, including onsite transport of the MPCs from the loading facility to an ISFSI site .
Section views of the HI-TRAC are provided in Chapter 1. Within a loaded HI-TRAC, heat
generated in the MPC is transported from the contained fuel assemblies to the MPC shell in the
manner described in Sectiont 4.4. From the outer surface of the MPC to the ambient air, heat is
transported by a combination of conduction, thermal radiation and natural convection modes of
heat transfer.

Two HI-TRAC transfer cask versions, namely HI-TRAC 100 and HI-TRAC 125 have the same
design features but with lower member thicknesses in the 100 ton version to yield a lighter
weight design. The analytical model developed for HI-TRAC thermal characterization is
constructed to bound both 100 and 125 ton HI-TRAC transfer casks. In this manner, the HI-
TRAC overpack resistance to heat transfer is overestimated, resulting in higher predicted MPC
internals and fuel cladding temperature levels.

From the outer surface of the MPC to the ambient atmosphere, heat is transported within HI-
TRAC through multiple concentric layers of air, steel and shielding materials. A small diametral
gap exists between the outer surface of the MPC and the inner surface of the HI-TRAC
overpack. Heat is transported across this gap by the parallel mechanisms of conduction and
thermal radiation. Assuming that the MPC is centered and does not contact the transfer overpack
walls conservatively minimizes heat transport across this gap. Additionally, thermal expansion
that would minimize the gap is conservatively neglected. Heat is transported through the
cylindrical wall of the HI-TRAC transfer overpack by conduction through successive layers of
steel, lead and steel. A water jacket, which provides neutron shielding for the HI-TRAC
overpack, surrounds the cylindrical steel wall. Each water jacket cavity is long and narrow
having the cross section of an annular sector. Conduction heat transfer occurs through both the
water cavities and the radial connectors . Heat is passively rejected to the ambient from the
outer surface of the HI-TRAC transfer overpack by natural convection and thermal radiation.

In the vertical position, the bottom face of the HI-TRAC cask is in contact with a supporting
surface. This face is conservatively modeled as an insulated surface. Because HI-TRAC is not
used for long-term storage in an array, radiative blocking does not need to be considered. The
HI-TRAC top lid is modeled as a surface with convection, radiative heat exchange with air and a
constant maximum incident solar heat flux load. Insolation on cylindrical surfaces is
conservatively based on 12-hour levels prescribed in 1OCFR71 averaged on a 24-hour basis.
Summary descriptions of the various components of HI-TRAC's thermal model are provided
below.
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4.5.3.2 Effective Thermal Conductivity of Water Jacket

The HI-TRAC water jacket is composed of an array of radial ribs equispaced around the HI-
TRAC body and affixed to enclosure plates by welding to form discrete water compartments.
Holes in the radial ribs connect all the individual compartments in the water jacket. Thus, the
annular region between the HI-TRAC outer shell and the enclosure shell can be considered as an
array of steel ribs and water spaces.

The effective radial thermal conductivity of this array of steel ribs and water spaces is
determined by combining the heat transfer resistance of individual components in a parallel
network. A bounding calculation is assured by using a minimum available metal thickness for
radial heat transfer. The thermal conductivity of the parallel steel ribs and water spaces is given
by the following formula:

Kr (N= tr) hI K, (Nr t,)I (iLK)
2Ke LR 2+ LR

where:
Ke= effective radial thermal conductivity of water jacket
ri = inner radius of water spaces
rO = outer radius of water spaces
K, thermal conductivity of carbon steel ribs

Nr tr Available metal thickness (product of number of radial ribs and rib thickness)
LR = effective radial heat transport length through water spaces
Kw= thermal conductivity of water
Nr tw = Cumulative waterspaces width (betwveen radial ribs)

4.5.3.3 Heat Rejection from Transfer Cask Exterior Surfaces

The following relationship for the surface heat flux from the outer surface of an isolated cask
to the environment applied to the thermal model:

q,=0.19(T,-TA) +0.1 7 14 c[(T +46°)4(TA+4 6 0)4]
100 100

where:
Ts = cask surface temperatures (IF)
TA = ambient atmospheric temperature (0F)
qs = surface heat flux (Btu/ft2xhr)
e = surface emissivity

The second term in this equation is the Stefan-Boltzmann formula for thermal radiation from an
exposed surface to ambient. The first term is the natural convection heat transfer correlation
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K>
recommended by Jacob and Hawkins [4.2.9]. This correlation is appropriate for turbulent natural
convection from vertical surfaces, such as the vertical overpack wall. Although the ambient air is
conservatively assumed to be quiescent, the natural convection is nevertheless turbulent.

Turbulent natural convection correlations are suitable for use when the product of the Grashof
and Prandtl (GrxPr) numbers exceeds 109. This product can be expressed as L3xATxZ, where L
is the characteristic length, AT is the surface-to-ambient temperature difference, and Z is a
function of the surface temperature (defined in Section 4.2). The characteristic length of a
vertically oriented HI-TRAC is its height of approximately 17 feet. The value of Z,
conservatively taken at a bounding surface temperature of 3401F, is 2.6x 105. Solving for the
value of AT that satisfies the equivalence L3 xATxZ = 109 yields AT = 0.780 F. For a horizontally
oriented HI-TRAC the characteristic length is the diameter of approximately 7.6 feet (minimum
of 100- and 125-ton versions), yielding AT = 8.761F. The natural convection will be turbulent,
therefore, provided the surface to air temperature difference is greater than or equal to 0.781F for
a vertical orientation and 8.761F for a horizontal orientation.

4.5.3.4 Determination of Solar Heat Input

As discussed in Section 4.4.1.1.8, the intensity of solar radiation incident on an exposed surface
depends on a number of time varying terms. Twelve-hour averaged insolation levels are
prescribed in 1 OCFR7 1. The HI-TRAC cask, however, possesses a considerable thermal inertia.
This large thermal inertia precludes the HI-TRAC from reaching a steady-state thermal condition
during a twelve-hour period. Thus, it is considered appropriate to use 24-hour averaged
insolation levels.

4.5.3.5 Lead-to-Steel Interface

Lead, poured between the inner and outer shells of the HI-TRAC body, is utilized as a gamma
shield material in the HI-TRAC transfer cask. Unlike many metal cask designs that utilize pre-
fabricated lead "bricks", lead is installed in the HI-TRAC transfer cask in molten form. The lead
pouring process is a mature technology and proven methods to preclude internal voids or gaps
are well established in the industry.

To ensure a homogeneous lead pour, the HI-TRAC shell is pre-heated and molten lead is poured
to fill the annular cavity. Ladling of the molten lead aided by the pressure from the column of
molten lead helps ensure that internal voids or separation would not occur. The lead installation
includes appropriate inspection measures, including gamma scan and weighing of the cask after
lead placement, to confirm that the lead column installed in the HI-TRAC cask are without
internal voids or gaps. Therefore, the lead-to-steel interface is assumed to be an uninterrupted
continuum in the HI-TRAC thermal model.

4.5.4 Loading Operations with Flooded MPC

The HI-TRAC containing an MPC loaded with fuel and filled with water is removed from the
cask pit (which may or may not be integral to the fuel pool) and placed in a designated space
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(typically on the pool deck) that is henceforth referred to as the Decontamination and Assembly
Station (DAS). The early operations that occur at the DAS include welding of the main lid and
testing of the welded joint using methods described in Chapter 8.

To minimize personnel dose and to keep the SNF in a cooled state, the SNF is kept submersed in
water until the fuel drying operation ,(discussed in the next subsection) is initiated. The
temperature of the fuel cladding is not a concern in the operational evolutions with the flooded
MPC. In accordance with NUREG-1536, however, boiling of water in the MPC cavity is not
permitted during wet loading operations. This requirement is met by imposing a limit on the
maximum allowable time duration for fuel to be submerged in water after a loaded HI-TRAC
cask is removed from the pool and prior to the start of draining and fuel drying operations.

When the HI-TRAC transfer cask containing the loaded water-filled MPC is removed from the
pool, or when the MPC lid is installed in the pool, the combined water, fuel mass, MPC, and HI-
TRAC metal will absorb the decay heat emitted by the fuel assemblies. This results in a slow
temperature rise of the entire system with time, starting from an initial temperature of the
contents. The rate of temperature rise is limited by the thermal inertia of the HI-TRAC system.
To enable a bounding heat-up rate determination for the HI-TRAC system, the following
conservative assumptions are made:

i. Heat loss by natural convection and radiation from the exposed HI-TRAC
surfaces to the pool building ambient air is neglected (i.e., an adiabatic
temperature rise calculation is performed).

ii. Design-basis maximum decay heat input from the loaded fuel assemblies is
imposed on the HI-TRAC transfer cask.

iii. The smaller of the two (i.e., 100-ton and 125-ton) HI-TRAC transfer cask is
credited in the analysis. The 1 00-ton version has a significantly smaller quantity
of metal mass, which will result in a higher rate of temperature rise.

iv. A conservatively bounding MPC cavity free volume is considered for flooded
water mass.

v. Only fifty percent of the water mass in the MPC cavity is credited towards water
thermal inertia evaluation.

Table 4.5.5 summarizes the weights and thermal inertias of several components in the loaded HI-
TRAC transfer cask. The rate of temperature rise of the HI-TRAC transfer cask and contents
during an adiabatic heat-up is governed by the following equation:

dT Q
dt Ch

where:
Q = decay heat load (Btu/hr)
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CG = combined thermal inertia of the loaded HI-TRAC transfer cask (Btu/IF) [see
Table 4.5.5]

T = temperature of the contents (0F)
t = time after HI-TRAC transfer cask is removed from the pool (hr)

A heat-up rate for the HI-TRAC transfer cask contents is determined employing a bounding
design heat load (Table 4.4.39, Q = 1.3x10 5 Btu/hr) is determined as 4.99 'F/hr. From this
adiabatic rate of temperature rise estimate, the maximum allowable time duration (tmaX) for fuel
to be submerged in water is determined as:

t~a == Tbai - Tinit
m(dT/dt)

where:
Tbnij = boiling temperature of water (equal to 212'F at the water surface in the MPC

cavity)
Tinita = initial temperature of the HI-TRAC contents when the transfer cask is removed

from the pool

Table 4.5.6 provides a summary of tlax at several representative HI-TRAC contents starting
temperatures.

In a situation where the maximum allowable time provided in Table 4.5.6 is insufficient to
complete all wet fuel handling operations, a suitable means 'of heat removal such as a forced
water circulation shall be initiated and maintained to remove the decay heat from the MPC
cavity. In this case, relatively cooler water is introduced via the MPC lid drain port connection
and heated water exits from the vent port. The minimum water flow rate required to maintain the
MPC cavity water temperature below boiling with an adequate subcooling margin is determined
as follows:

QMW=
Cpw (TMax - Tin)

where:
Mw = minimum water flow rate (lb/hr)
Cpw = water heat capacity (Btu/lb-0 F)
Tmx = maximum MPC cavity water mass temperature
Tin = temperature of pool water supply to MPC

As an illustrative example, if the MPC cavity water temperature is limited to 1 50'F, assuming an
MPC inlet water temperature of 1250F and design maximum heat load, the water flow rate is
computed as 5200 lb/hr (10.4 gpm). The required minimum flow rate shall be calculated using
the actual MPC heat load and the temperature of the cooling water available for this operation.
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4.5.5 MPC Drying

4.5.5.1 Drning Options

This FSAR provides for two methods for drying Commercial Spent Fuel (CSF) the MPC
cavity, namely: -

i. Forced Helium Dehydration
ii. Vacuum Drying

The methods are discussed next.

4.5.5.2 Forced Helium Dehydration

To reduce moisture to trace levels in the MPC using a Forced Helium Dehydration (FHD)
system, a closed loop dehumidification system consisting of a condenser, a demoisturizer, a
compressor, and a pre-heater is utilized to extract moisture from the MPC cavity through
repeated displacement of its contained helium, accompanied by vigorous flow turbulation.
Appendix 2.B contains detailed discussion of the design criteria and operation of the FHD
system.

The FHD system provides concurrent fuel cooling during the moisture removal process through
forced convective heat transfer. The attendant forced convection-aided heat transfer occurring
during operation of the FHD system ensures that the fuel cladding temperature will remain
below the applicable peak cladding temperature limit for normal conditions of storage, which is
well below the high burnup cladding temperature limit in Table 4.3.1 for all combinations of
SNF type, burnup, decay heat, and cooling time. Because the FHD operation induces a state of
forced convection heat transfer in the MPC, (in contrast to the quiescent mode of natural
convection in long term storage), it is readily concluded that the peak fuel cladding temperature
under the latter condition will be greater than that during the FHD operation phase. In the event
that the FHD system malfunctions, the forced convection state -vill degenerate to natural
convection, which corresponds to the conditions of normal storage. As a result, the peak fuel
cladding temperatures will approximate the values reached during normal storage as described
elsewhere in this chapter.

4.5.5.3 Vacuum Drying

Because the vacuum drying method of demoisturization leads to a considerable rise in the fuel
cladding temperature, threshold heat load limits" that are considerably lower than the MPC
design basis heat load are computed for the vacuum drying evolution. The threshold heat loads
are very low if one or more high burnup fuel (HBF) assemblies are included in the batch of fuel
being loaded. If the fuel batch consists of only MBF, and the limitations on the maximum
cladding stressdescribed in Subsection 4.5.2 arc met, then a higher threshold heat load meeting

** See threshold heat load discussion in Subsection 4.5.1
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the less restrictive temperature limit is permitted.

(a) Analysis

The vacuum condition effective fuel assembly conductivity is determined by procedures
discussed earlier (Subsection 4.4.1.1.2) with recognition of the attenuation of thermosiphon
effect with the decrease in the quantity of helium and reduction in the conductivity of helium in a
most conservative manner. For this purpose, the thermal conductivity of fluid media is set at a
miniscule fraction of the helium conductivity. A direct result of this assumption is that the
cladding temperatures are exaggerated in the thermal solutions and, correspondingly, threshold
heat loads understated. .The MPC basket cross sectional effective conductivity is determined for
vacuum conditions according to the procedure discussed in 4.4.1.1.4. Basket periphery-to-MPC
shell heat transfer occurs through conduction and radiation. The heat transported to the MPC
shell is dissipated from the external surface of the MPC shell to the annulus. It is recognized that
the cladding temperature is directly affected by the temperature of the annulus. To ensure a
robust margin in the cladding temperatures, vacuum drying is performed with a water cooled
annulus. Two options are provided for annulus water cooling:

(i) Standing water in the annulus.
(ii) Annulus gap is water flushed.

An axisymmetric FLUENT thermal model of the MPC in a HI-TRAC is constructed, and peak
cladding temperatures at threshold heat loads are obtained; The following conditions are
applied to this evaluation:

i. The fuel temperatures rise to their asymptotic steady-state values.

ii. The outer surface of the MPC shell is postulated to be at a bounding temperature of
232oFtt (standing water in annulus) or 125OFfl (continuously flushed with water).

iii. The bottom surface of the MPC is insulated.

(b) Results

Table 4.5.11 provides the threshold heat loads at or below which for which vacuum drying is
permitted. For completeness, the threshold heat load under the FHD method of drying is also
listed (it is equal to the design heat load). The threshold heat load under the vacuum drying
condition is a function of two parameters:

tt Saturation temperature of water at the bottom of a water filled HI-TRAC annulus.
tt During vacuum operations, water must be circulated at a rate sufficient to ensure maximum annulus
temperature is below 125TF. For example given water inlet at 100TF, Q=15 kW and a flush rate of 5 gpm, the
maximum temperature (from an adiabatic heat balance for Q = 15 kW) is 120.50F which is below 1257F.
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i. Maximum burnup in the fuel batch stored
ii. The MPC-HI-TRAC annulus is stagnant or water flushed

As stated-ealie the permissible temperature for a fuel batch containing only MBF can be as
high as is higher 5702C (See Table 4.3.1), the threshold heat loads are also correspondingly
greater if the clad stress criterion in Subsection 4.5.2 is met. The maximum fuel cladding
temperature is quite obviously influenced by the thermal state in the annulus: continuous
flushing helps reduce the peak cladding temperature. Table 4.5.11 accordingly provides
discrete values of the threshold heat loads depending on annulus condition (standing water or
annulus flushing) and fuel burnup.

4.5.6 On-site Transport in HI-TRAC

4.5.6.1 Analysis

An axisymmetric FLUENT thermal model of an MPC inside a HI-TRAC transfer cask was
constructed to evaluate temperature distributions for onsite transport scenarios for two HI-TRAC
annulus conditions:

(a) Static column of air
(b) Water cooled annulus

Steady-state analyses of the HI-TRAC transfer cask have been performed for the two annulus
conditions under all on-site transport scenarios and threshold heat loads obtained. While the
duration of onsite transport may be short enough to preclude the MPC and HI-TRAC from
obtaining a steady-state, a steady-state analysis is conservative.

4.5.6.2 Results

As stated earlier, the threshold heat loads depend on the orientation of the HI-TRAC. The
threshold heat load for vertical transport are greater than that for horizontal transport. Another
variable that affects the computed threshold heat load for the on-site transport condition is the
maximum burnup in the batch of fuel loaded in the MPC. Finally, if the actual heat generation
rate in the MPC exceeds the threshold heat load permitted for the HI-TRAC orientation and
burnup state of the CSF batch loaded then annulus cooling is required. Table 4.5.12 provides the
threshold heat loads for all on-site transport scenarios.

For both horizontal and vertical mode of on-site transfer of the loaded MPC in the HI-TRAC
transfer cask, threshold heat generation rates to meet the HBF fuel clad temperature limit are
well below the design basis heat load for the MPC under the normal condition of storage. These
threshold heat loads are provided in Table 4.5.12 for vertical and horizontal mode of on-site
MPC transfer under steady state conditions. If the heat load of a canister exceeds the threshold
value listed in Table 4.5.12, then supplemental cooling of the MPC must be provided to maintain
the peak fuel cladding temperature below limit set forth in this FSAR.
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Because of the narrow annular space between the MPC and HI-TRAC transfer cask and the
availability of a threaded coupling connection in the bottom HI-TRAC lid, it is possible to
provide augmented heat removal from the MPC by circulating a coolant through the annular
space during MPC transfer operations. Calculations show that even when'the threshold heat
loads are substantially exceeded, a modest flow of water" is all that is needed to extract
sufficient amount of heat toensure that the peak cladding temperature is below the ISG-I 1 Rev.
3 2 limit adopted in this FSAR. For example, the principal variables and results from an
evaluation performed for an MPC-32 at its design basis heat load are summarized in Table
4.5.13 to illustrate the concept. As shown in this table, the peak cladding temperature in the
cooled MPC is much below the ISG-l 1 Rev. 3 2 limit.

Because the availability of utilities (demineralized water, compressed air, etc.) is plant-specific,
it is not possible to design a standard ancillary that can be used at all sites. Nevertheless, the
above example serves to demonstrate that the equipment required to effect the necessary heat
removal to subcool the MPC during transfer operation for high heat load MPCs will be quite
compact and operationally expedient.

It is seen from the above example that even a modest means to cool the external surface of the
MPC during on-site transport is sufficient to create a substantial margin in the peak cladding
temperature against the permissible limit. This margin may be necessary in certain plants to deal
with a short-term handling step during the transfer operation when it may not be practical to
maintain auxiliary cooling. Such a situation may occur at certain plants, for example, when the
HI-TRAC transfer cask is being positioned over the HI-STORM overpack for the MPC's
transfer. In the absence of the auxiliary cooling, if the canister heat load exceeds the Table 4.5.12
threshold heat load, then the fuel cladding temperature will begin to rise. To ensure that the
amount of cladding temperature rise is not enough to cause an exceedance of the permissible
temperature limit, the MPC must be sufficiently pre-cooled prior to the start of the transfer step
when the external cooling becomes unavailable. Calculations show that, with appropriate pre-
cooling, a reasonable amount of time to execute an operational step (with the external cooling
turned off) can be provided.

To illustrate the MPC heat-up scenario, the water cooled MPC summarized in Table 4.5.13 is
analyzed with the HI-TRAC rotated to the horizontal configuration (thermally most adverse
configuration) and the auxiliary cooling system turned off. At the beginning of the thermal
transient, the MPC is assumed to be in the thermal state condition analyzed above corresponding
to the steady state condition with the HI-TRAC vertical and the external cooling operative. The
rise in the peak cladding temperature as a function of time is shown in Figure 4.5.4 for this case.
This figure shows that 7-1/2 hours are required for the peak cladding temperature to reach 7520F.
If a longer period of time were warranted by the operational step, the auxiliary cooling system
would be sized to ensure that, prior to initiation of the operation with auxiliary cooling
withdrawn, the fuel cladding will be cooled below the applicable clad temperature limit by the
required amount. The extent of required pre-cooling, of course, will depend on the MPC heat

§§ For scenarios that exceed the threshold heat loads by modest amounts, a static column of water in the annulus
is adequate.

HI-STORM FSAR Proposed Rev. 2C
REPORT HI-2002444 4.5-12



load, orientation of the HI-TRAC, and the expected duration of the operational step. However, as
the above example illustrates, the approach to pre-cool the MPC to maintain the peak cladding
temperature below the regulatory limit during a short-time, cooling-unaided operational step is
quite feasible.

HI-TRAC cask temperature results are reported for thelimiting sceanario that obtains the highest
* cladding temperature (Condition 3 and 7, Table 4.5.12). The results are provided in Table 4.5.2

summarizing the maximum calculated temperatures in different parts of the HI-TRAC transfer
cask and MPC.

4.5.7 MPC Cooldown and Reflooding for Defueling Operations

NUREG-1 536 requires an evaluation of cask cooldown and reflood procedures to support fuel
unloading from a dry condition. Past industry experience generally supports cooldown of cask
internals and fuel from hot storage conditions by direct water quenching. For high heat load
MPCs, the extremely rapid cooldown rates to which the hot MPC internals and the fuel cladding
can be subjected during water injection may, however, result in high thermal stresses.

Additionally,, water injection may'result in large quantities of steam generation. To protect the
fuel cladding from high thermal strains under direct water quenching the MPCs are cooled using
appropriate means prior to the introduction of water in the MPC cavity space.

Because of the continuous gravity driven circulation of helium in the MPC which results in
heated helium gas in sweeping contact with the underside of the top lid and the inner cylindrical
surface of the enclosure vessel, utilizing an external cooling means to remove heat from the
MPC is quite effective. The external cooling process can be completely non-intrusive such as
extracting heat from the outer surface of the enclosure vessel using chilled water. Extraction of
heat from the external surfaces of an MPC is very effective largely because of the thermosiphon
induced internal transport of heat to the peripheral regions of the MPCG The non-intrusive means
of heat removal is preferable to an intrusive process wherein helium is extracted and cooled
using a closed loop system such as a Forced Helium Dehydrator (Appendix' 2.B), because it
eliminates the potential for any radioactive crud to exit the MPC during the cooldown process.
Because the optimal method for MPC cooldown is heavily dependent on the location and
availability of utilities at a particular nuclear plant, mandating a specific cooldown method
cannot be prescribed in this FSAR. Simplified calculations are presented in the following to
illustrate the feasibility and efficacy of utilizing an intrusive system such as a recirculating
helium cooldown system.

Under a closed-loop forced helium circulation condition, the helium gas is cooled, via an
external chiller. The chilled helium is then introduced into the MPC cavity from connections at
the top of the MPC lid. The helium gas enters the MPC basket and moves through the fuel basket
cells, removing heat from the fuel assemblies and MPC internals. The heated helium gas exits
the MPC from the lid connection to the helium recirculation and cooling system. Because of the
turbulation and mixing of the helium contents in the MPC cavity by the forced circulation, the
MPC exiting temperature is a reliable measure of the thermal condition inside the MPC cavity.
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The objective of the cooldown system is to lower the bulk helium temperature in the MPC cavity
to below the normal boiling temperature of water (2120F). For this purpose, the rate of helium
circulation shall be sufficient to ensure that the helium exit gas temperature is below this
threshold limit with a margin.

An example calulation for the required helium circulation rate is provided below to limit the
helium temperature to 200"F. The calculation assumes no heat loss from the MPC boundaries
and a design maximum heat load (1.3x1 OsBtu/hr). Under these assumptions, the MPC helium
is heated adiabatically by the MPC decay heat from a given inlet temperature (Tl) to a
temperature (T2). The required circulation rate to limit T2 to 2000F is computed as follows:

m= Qd
Cp (T2-TI)

where:
Qd = Design maximum decay heat load (Btu/hr)
m = Minimum helium circulation rate (lbihr)
Cp = Heat capacity of helium (1.24 Btu/lb-0 F (Table 4.25))
T 1 = Helium supply temperature (assumed 150F in this example)

Substituting the values for the parameters in the equation above, m is computed as 567 lb/hr.

4.5.8 Minimum Temperatures for On-Site Transport

In Table 2.2.2, the minimum ambient temperature condition required to be considered for the HI-
TRAC design is specified as 00F. If, conservatively, a zero decay heat load (with no solar input)
is applied to the stored fuel assemblies then every component of the system at steady state would
be at this outside minimum temperature. Provided an antifreeze is added to the water jacket, all
HI-TRAC materials will satisfactorily perform their intended functions at this minimum
postulated temperature condition.

4.5.9 Evaluation of System Performance for Normal Conditions of Handling and Onsite
Transport

The HI-TRAC transfer cask thermal analysis is based on a detailed heat transfer model that
conservatively accounts for all modes of heat transfer in various portions of the MPC and HI-
TRAC. The thermal model incorporates several conservative features, which are listed below:

*** Table 4.4.39 lists MPC design heat loads. From this Table, the maximum heat load (38 kW) is used in this
evaluation.
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i. The most severe levels of environmental factors -bounding ambient temperature (1000F)
and constant solar flux - were coincidentally imposed on the thermal design. A bounding
solar absorbtivity of 1.0 is applied to all insolation surfaces.

ii. The HI-TRAC cask-to-MPC annular gap is analyzed based on the nominal design
dimensions. No credit is considered for the significant reduction in this radial gap that
would occur as a result of differential thermalexpansion with design basis fuel at hot
conditions. The MPC is considered to be concentrically aligned with the cask cavity.
This is a worst-case scenario since any eccentricity will improve conductive heat
transport in this region.

iii. No credit is considered for cooling of the HI-TRAC baseplate while in contact with a
supporting surface. An insulated boundary condition is applied in the thermal model on
the bottom baseplate face.

Temperature distribution results (Table 4.5.2 ) obtained from this highly conservative thermal
model show that the short-term fuel cladding and cask component temperature limits are met
with adequate margins. Expected margins during normal HI-TRAC use will be larger due to the
many conservative assumptions incorporated in the analysis. Corresponding MPC internal
pressure evaluation shows that the MPC confinement boundary remains well below the short-
term condition design pressure. The maximum local axial neutron shield temperature is lower
than design limits. Therefore, it is concluded that the HI-TRAC transfer cask thermal design is
adequate to maintain fuel cladding integrity for short-term operations.

The water in the water jacket of the HI-TRAC provides necessary neutron shielding. During
normal handling and onsite transfer operations this shielding water is contained within the water
jacket, which is designed for an elevated internal pressure. It is recalled that the waterjacket is
equipped with pressure relief valves to retain pressure up to 60 psig thereby precluding boiling
in the water jacket under normal conditions. Under normal handling and onsite transfer
operations, the bulk temperature inside the water jacket reported in Table 4.5.2 is less than the
coincident saturation temperature at 60 psig (307'F), so the shielding water remains in its liquid
state. The bulk temperature is determined via a conservative analysis, presented earlier, with
design-basis maximum decay heat load. One of the assumptions that render the computed
temperatures extremely conservative is the stipulation of a 100lF steady-state ambient
temperature. In view of the large thermal inertia of the HI-TRAC, an appropriate ambient
temperature is the "time-averaged" temperature, formally referred to in this FSAR as the normal
temperature.
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Table 4.5.1

[INTENTIONALLY DELETED]

HI-STORM FSAR
REPORT HI-2002444

Proposed Rev. 2C
4.5-16



Table 4.5.2

HI-TRAC TRANSFER CASK STEADY-STATE
MAXIMUM TEMPERATURES FOR LIMITING SCENARIOS

Component High Burnup Fuel
(Condition 3, Table 4.5.12)

Temperature [IF]

Fuel Cladding 745

MPC Basket 728

Basket Periphery 620

MPC Outer Shell Surface 433

HI-TRAC Overpack Inner Surface 305

Water Jacket Inner Surface 286

Enclosure Shell Outer Surface 265

Water Jacket Bulk Water 246

Axial Neutron Shieldl 288

t Local neutron shield section temperature.
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Table 4.5.3 and 4.5.4

[INTENTIONALLY DELETED]

Kt,
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Table 4.5.5

SUMMARY OF LOADED 100-TON HI-TRAC TRANSFER CASK
BOUNDING COMPONENT

WEIGHTS AND THERMAL INERTIAS

Component Weight (Qbs) Heat Capacity Thermal Inertia
(Btu/lb-0F) (Btu/0F)

Water Jacket 7,000 1.0 7,000

Lead 52,000 0.031 1,612

Carbon Steel 40,000 0.1 4,000

Alloy-X MPC 39,000 0.12 4,680
(empty)

Fuel 40,000 0.056 2,240

MPC Cavity Watert 6,500 1.0 6,500

26,032 (Total)

t Conservative lower bound water mass.

-
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Table 4.5.6

MAXIMUM ALLOWABLE TIME DURATION FOR WET
TRANSFER OPERATIONS

Initial Temperaturettt Time Duration (hr)
(0F)

115 19.4

120 18.4

125 17.4

130 16.4

135 15.4

140 14.4

- 145 13.4

150 12.4

ttt Pool water temperature during fuel loading.
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Tables 4.5.7 through 4.5.10

INTENTIONALLY DELETED
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Table 4.5.11

THRESHOLD HEAT LOADS FOR FUEL DRYING

Condition Drying Threshold Burnup Is Annulus Cladding Computed
No. Method Heat Load State Flush Temperature Maximum

(QT) Required? Limit [F) Cladding
Temperature

I FHD Qdtfl SBF No 1058 Note 1

2 FHD Qd HBF No 752 Note l

3 VD 9 kW HBF No 752 729

4 VD 10 kW HBF Yes 752 740

5 VD 17 kW MBF No 1058 1042

6 VD 18 kW MIBF Yes 1058 1056

Note 1: Under the FHD method for MPC drying, an externally driven circulation of helium
ensures drying conditions in the MPC, which are in the neighborhood of the saturation
temperature of water at the prevailing pressure (about 350TF). As such the operating clad
temperatures are substantially below the cladding temperature limit (752 0F) thereby ensuring
a hospitable thermal environment for HBF.

Acronyms:
FHD - Forced Helium Dehydration
VD - Vacuum Drying
MBF - Moderate Bumup Fuel
HBF - High Bumup Fuel

At: Design heat load (Table 4.4.39).
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Table 4.5.12

PERMISSIBLE HEAT LOADS FOR ON-SITE TRANSPORT

Condition HI-TRAC Threshold Fuel burnup Is Annulus Temperature Computed
No. Orientation Heat Load Cooling Limit (OF) Maximum

(Qr) Required? Cladding
Temperature

1 Horizontal 19 kW HBF No -. 752 735

2 Horizontal Qdi§ HBF Yes 752 Note I

3 Vertical 23 kW HBF No 752 745

4 Vertical Qd HBF Yes 752 Note 1

5 Horizontal 30 kW MBF No 1058 983

6 Horizontal Qd MBF Yes 1058 Note 1

7 Vertical Qd MBF No 1058 1017

Note 1: The maximum cladding temperature when annulus cooling is required will be dependent on
site specifics such as decay heat of loaded SNF and availability of cooling fluid (air or water). Each
user shall confirm that the annulus cooling provided is sufficient to keep the cladding temperatures
below their applicable limits. An annulus cooling example is provided in Subsection 4.5.6.2.

Acronyms:
FHD - Forced Helium Dehydration
VD - Vacuum Drying
MBF - Moderate Burnup Fuel
HBF - High Burnup Fuel

§§§ Design heat load (Table 4.4.39).
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Table 4.5.13

HI-TRAC ANNULUS COOLING EXAMPLE

MPC Type MPC-32
Design Heat Load 38 kW
Transfer Cask Orientation Vertical
Threshold Heat Load per Table 4.5.12 23kW
Coolant (Water) Flow Rate 10 gpm
(assumed)
Coolant Inlet Temperature, 'F 80
(assumed)
Coolant Outlet Temperature, 0F 106
(calculated)
Peak Fuel Cladding Temperature, 'F 385
(calculated)
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4.6 REGULATORY COMPLIANCE

4.6.1 Normal Conditions of Storage

NUREG-1536 [4.4.10] andISG-11 [4.1.4] defines several thermal acceptance criteriathatmustbe
applied to evaluations of normal conditions of storage. These items are addressed in Sections 4.1
through 4.4.5 and results evaluated in Subsection 4.4.6. Each of the pertinent criteria and the
conclusion of the evaluations are summarized here.

As required by ISG-11 [4.1.4] NUP.EG 1536 (4.0,IAV,), the fuel cladding temperature at the
beginning of dry cask storage is maintained below the anticipated damage-threshold temperatures
for normal conditionsfor the licensed life of the HI-STORMsystem. and a rinimum of 20 years of
e sefag Maximum clad temperatures for long-term storage conditions are reported in Section
4.4.2. Anticipated damage threshold tepciatres, calculated as described in Seetion 4.3, are
summarized in Table 2.2.3-.

As required by NUREG-1 536 (4.0,IV,3), the maximum internal pressure ofthe cask remains within
its design pressure for normal, off-normal, and accident conditions, assuming rupture of I percent,
10 percent, and 100 percent of the fuel rods, respectively. Assumptions for pressure calculations
include release of 100 percent of the fill gas and 30 percent of the significant radioactive gases in the
fuel rods. Maximum internal pressures are reported in Section 4.4.4. Design pressures are
summarized in Table 2.2.1.

As required by NUREG-1536 (4.0,IV,4), all cask and fuel materials are maintained within their
minimum and maximum temperature for normal and off-normal conditions in order to enable
components to perform their intended safety functions. Maximum and minimum temperatures for
long-term storage conditions are reported in Sections 4.4.2 and 4.4.3, respectively. Design
temperature limits are summarized in Table 2.2.3. HI-STORM System components defined as
important to safety are listed in Table 2.2.6.

As requiredbyNUREG-1536 (4.0,IV,5),the cask system ensures a very low probability of cladding
breach during long-term storage. Further, NJREG 1536 (4.0,IV,6) requires that the fuel cladding
damage resulting fm eratatn should be limitedt to 15 percent of the orignal oladng eross
section area during dry storage. For long term normal conditions and offinorinal operations, the
maximum CSF cladding temperature is below the ISG-1l [4.1.4] limit of4000C (7520F).
The calculation methodology, described in Section 4.3, for- determining initial dry sterage fuel elad
ternperaturc limits, cnsures that both of these requirements are satisfied.. Maiimum fuel clad
tempefa ure limits are summarized in Table 2.2.3.

As required by NUREG-1536 (4.0,IV,7), the cask system is passively cooled. All heat rejection
mechanisms described in this chapter, including conduction, natural convection, and thermal
radiation, are completely passive.

As required by NUREG-1 536 (4.0,IV,8), the thermal performance of the cask is within the allowable
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design criteria specified in FSAR Chapters 2 and 3 for normal conditions. All thermal results
reported in Sections 4.4.2 through 4.4.5 are within the design criteria allowable ranges for all normal
conditions of storage.

4.6.2 n. . ..

Normal Handling and Onsite lranstc SAhort Term Operations

As discussed in Section 4.1, evaluation of short term operations is presented in Section 4.5. This
section establishes complete compliance with the provisions of ISG-1 [4.1.4]. In particular the
ISG-1 1 requirement to ensure thatmaximum cladding temperatures under allfuel loading and short
term operations be below 4000C (7520F) is demonstrated as stated below.

AUTREG 1536 [4.4.10] defines scveral threml ccptanoe e-iteia that arc addressed in Sefios
".5.1 through X.5.5. Each of the pertinent criteria ismr ed here.

*As required by NUREG 1536 (1.0,F!,2), As required byISG-11 the fuel cladding temperature is
maintained below the applicable temperature limis for HBF and MBFfuel (Table 4.3.1) during
4BOO(7-5r9F) 5700 C (1058F) for fuel transfershortterm operations. Maximum clad temperatures
for short te. operations (on-site transport and vacuum drying conditions) nm sfer
eenditiens are reported in Sections 4.5.6 and 4.5.5 respectively. 4,54.' Maximum The clad
temperatures for vycuum dring conditions arc reported in Scetion 4.5.2.1 and for short term
operations comply with the ISG-11 limits. 'within Ns limit by large'eonser.ative margins.

I

As requiredb54bULMEG 1536 (4.0,!V,3) temxum intemnal pressure ef the eask r-emainswnithli
its design pressure for normal and off normal conditions, assuming rupture of 1 perc-ent and 10
pereent of the fuel rods, respectively. Assumptions for pressure calculations include release of 100
percent of the fill gas and 30 perzcnt 6f the significant radioactive gases in the fuel rods. Maximum
internal pressures are repofed in Section 4.5.4. Design pressures are summarized in Table 2.2.1.

As required by AUREG 1536 (1.0,AZ,4), all cask and fuel materals arc maintained within their
minimum and maximum temperature for normal (short term) fuel handling operations in order to
enableempeets to perfofrn their intended safety-functions.Maxum-andmininnn temperatures
for fuel handling operationis arc rported in Seetidns 4.5.2 and 4.5.3, respectively. Design
temperature limits arc summarized in Table 2.2.3.

A's required by bTUREG 1536'(1.0,IV,7), the cask system is passively cooled. All heat rejection
mechanisms described in this chapter, inclu ing-eenMuetien, natual-eenveetien, and themal
iadiatien, are eompletel p

As-requiredby NUREG 1536(1 40,AW,8), theenal-perfunnaneef - heeaskiwithin-theealkewable
design criteria specified in FSAR Chapters 2 and 3 for normal (short tem) fuel handling eperations.
All thermal results reponted in Seetion 4.5.2 hrough 4.5.5 are witn the design criteria allowable
range r- shor ter... eenditiens-.
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APPENDIX 4.B: CONSERVATISMS IN THE THERMAL ANALYSIS OF THE HI-

STORM 100 SYSTEM

4.B.1 OVERVIEW OF CASK HEAT REMOVAL SYSTEM

The HI-STORM 100 overpack is a large, cylindrical structure with an internal cavity suited for
emplacement of a cylindrical canister containing spent nuclear fuel (SNF). The canister is
arrayed in an upright manner inside the vertically oriented overpack. The design of the system
provides for a small narrow radial gap between the canister and the cylindrical overpack cavity.
One principal function of a fuel storage system is to provide a means for ensuring fuel cladding
integrity under long-term storage. perGiod (20 years or mere). The HI-STORM 100 overpack is
equipped with four large ducts near its bottom and top extremities. The ducted overpack
construction, together with an engineered annular space between the MPC cylinder and internal
cavity in the Hr-STORM 100 overpack structure, ensures a passive means of heat dissipation
from the stored fuel via ventilation action (ie., natural circulation of air in the canister-to-
overpack annulus). In this manner a large structure physically interposed between the hot
canister and ambient air (viz. the concrete overpack engineered for radiation protection) is
rendered as an air flow device for convective heat dissipation. The pertinent design features
producing the air ventilation ("chimney effect") in the HI-STORM 100 cask are shown in Figure
4.0.1. 4.B4..

A great bulk of the heat emitted by the SNF is rejected to the environment (QI) by convective
action. A small quantity of the total heat rejection occurs by natural convection and radiation
from the surface of the overpack (Q2), and an even smaller amount is dissipated by conduction to
the concrete pad upon which the HI-STORM 100 overpack is placed (Q3). From the energy
conservation principle, the sum of heat dissipation to all sinks (convective cooling (Q,), surface
cooling (Q2) and cooling to pad (QW)) equals the sum of decay heat emitted from the fuel stored
in the canister (Qd) and the heat deposited by insolation Q. (i.e., Qd + Q,= Q1 + Q2 + Q3). This
situation is illustrated in Figure 4.B.2. In the HI-STORM 100 System, Q, is by far the dominant
mode of heat removal, accounting for well over 80% of the decay heat conveyed to the external
environment. Figure 4.B.3 shows the relative portions of Qd transferred to the environs via Qi,
Q2, and Q3 in the HI-STORM 100 System under the design basis heat load.

The heat removal through convection, Q,, is similar to the manner in which a fireplace chimney
functions: Air- air is heated in the annulus between the canister and the overpack through contact
with the canister's hot cylindrical surface causing it to flow upward toward the top (exit) ducts
and inducing the suction of the ambient air through the bottom ducts. The flow of air sweeping
past the cylindrical surfaces of the canister has sufficient velocity to create turbulence that aids in
the heat extraction process. It is readily recognized that the chimney action relies on a
fundamental and immutable property of air, namely that air becomes lighter (i.e., more buoyant)
as it is heated. If the canister contained no heat emitting fuel, then there would be no means for
the annulus air to heat and rise. Similarly, increasing the quantity of heat produced in the canister
would make more heat available for heating of annulus air, resulting in a more vigorous chimney
action. Because the heat energy of the spent nuclear fuel itself actuates the chimney action,
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ventilated overpacks ofthe HI-STORM 100 genre are considered absolutely safe against thermal
malfunction. While the removal of heat through convective mass transport of air is the dominant
mechanism, other minor components, labeled Q2 and Q3 in the foregoing, are recognized and
quantified in the thermal analysis of the HI-STORM 100 System.

Heat dissipation from the exposed surfaces of the overpack, Q2, occurs principally by natural
convection and radiation cooling. The rate of decay heat dissipation from the external surfaces is,
of course, influenced by several factors, some of which aid the process (e.g., wind, thermal
turbulation of air), while others oppose it (for example, radiant heating by the sun or blocking of
radiation cooling by surrounding casks). In this appendix, the relative significance of Q2 and Q3
and the method to conservatively simulate their effect in the HI-STORM 100 thermal model is
discussed. -

The thermal problem posed for the HI-STORM 100 System thermal design in the system's Final
Safety Analysis Rcport (FSAR) is as follows: Given a specified maximum fuel cladding
temperature, Tc, and a specified ambient temperature, Ta what is the maximum permissible heat
generation rate Qd, in the canister under steady state conditions? Of course, in the real world, the
ambient temperature, Ta, varies continuously, and the cask system is rarely in a steady state (i.e.,
temperatures vary with time). Fortunately, fracture mechanics of spent fuel cladding instruct us
that it is the time-integrated effect of elevated temperature, rather than an instantaneous peak
value, that determines whether fuel cladding would rupture. The most appropriate reference
ambient temperature for cladding integrity evaluation, therefore, is the average ambient
temperature for the entire duration of dry storage. For conservatism, the reference ambient
temperature is, however, selected to be the maximum yearly average for the ISFSI site. In the
general certification of HI-STORM 100, the reference ambient temperature (formally referred to
as the normal temperature) is set equal to 80F, which is greater than the annual average for any
power plant location in the U.S.

The thermal analysis of the cask system leads to a computed value of the fuel cladding
temperature greater than Ta by an amount C. In other words, Tr = Ta + C, where C decreases
slightly as Ta (assume ambient temperature) is increased. The thermal analysis of HI-STORM
100 is carried out to compute C in a most conservative manner. In other words, the
mathematical model seeks to calculate an upper bound on the value of C.

Dry storage scenarios are characterized by relatively large temperature elevations (C) above
ambient (650'F or so). The cladding temperature rise is the cumulative sum of temperature
increments arising from individual elements of thermal resistance. To protect cladding from
overheating, analytical assumptions adversely impacting heat transfer are chosen with particular
attention given to those temperature increments which form the bulk of the temperature rise. In
this appendix, the principal conservatisms in the thermal modeling of the HI-STORM 100
System and their underlying theoretical bases are presented. This overview is intended to provide

According to the U.S. National Oceanic and Atmospheric Administration (NOAA) publication, "Comparative
Climatic Data for the United States through 1998", the highest annual average temperature for any location in the
continental U.S. is 77.80F in Key West, Florida.
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a physical understanding of the large margins buyie embedded in the rn-STORM 100 design
which are summarized in Section 4.4.6 of this FSAR.

4.B.2 CONSERVATISM IN ENVIRONMENTAL CONDITION SPECIFICATION

The ultimate heat sink for decay heat generated by stored fuel is ambient air. The HI STORM
400 System defines three ambient temperatures as the environmental conditions for thermal
analysis. These are, thc TNomal (teF), the Of Nomnal (lOnF) and Extreme Hot (125
conditions. Two factors dictate the stipulation of an ambient temperature for cladding integrity
calculations. One factor is that ambient temperatures are constantly cycling on a daily basis
(night and day). Furthermore, there are seasonal variations (summer to winter). The other factor
is that cladding degradation is an incremental process that, over a long period of time (20 years),
has an accumulated damage resulting from an "averaged-out" effect of the environmental
temperature history. The 80TF normal temperature stated in the HI-STORM 100 FSAR is defined
as the highest annual average temperature at a site established from past records. This is a
principal design parameter in the HI-STORM 100 analysis because it establishes the basis for
demonstrating long-term SNF integrity. The choice of maximum annual average temperature is
conservative as for a 20 year period. Based based on meteorological data, the 80TF is ehosentoe
bounds annual average temperatures reported within the continental US. |

For short periods, it is recognized that ambient temperature excursions above 80TF are possible.
Two scenarios are postulated and analyzed in the FSAR to bound such transient events. The Off-
Normal (1000 F) and Extreme Hot (1250F) cases are postulated as continuous (72-hour average)
conditions. Both cases are analyzed as steady-state conditions (i.e., thermal inertia of the
considerable concrete mass, fuel and metal completely neglected) occurring at the start of dry
storage when the decay heat load to the HI-STORM 100 System is at its peak value with fuel
emitting heat at its design basis maximum level.

4.B.3 CONSERVATISM IN MODELING THE ISFSI ARRAY

Traditionally, in the classical treatment of the ventilated storage cask thermal problem, the cask
to be analyzed (the subject cask) is modeled as a stand-alone component that rejects heat to the
ambient air through chimney action (Q ), by natural convection to quiescent ambient air and
radiation to the surrounding open spaces (Q2), and finally, a small amount through the concrete
pad into the ground (Q3). The contributing effect of the sun (addition of heat) is considered, but
the dissipative effect of wind is neglected. The interchange of radiative heat between proximate
casks is also neglected (the so-called "cask-to-cask interactions"). In modeling the HI-STORM
100 System, Holtec International extended the classical cask thermal model to include the effect
of the neighboring casks in a most conservative manner. This model represents the flow of
supply air to the inlet ducts for the subject cask by erecting a cylinder around the subject cask.
The model blocks all lateral flow of air from the surrounding space into the subject cask's inlet
ducts. This mathematical artifice is illustrated in Figure 4.B.4, where the lateral air flow arrows
are shown "dotted" to indicate that the mathematical cylinder constructed around the cask has

According to NOAA, the highest daily mean temperature for any location in the continental U.S. is 93.70F, which
occurred in Yuma, Arizona.
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blocked off the lateral flow of air. Consequently, the chimney air must flow down the annulus
from the air plenum space above the casks, turn around at the bottom and enter the inlet ducts.
Because the vertical downflow of air introduces additional resistance to flow, an obvious effect
of the hypothetical enclosing cylinder construct is an increased total resistance to the chimney
flow which, it is recalled, is the main heat conveyance mechanism in a ventilated cask.
Throttling of the chimney flow by the hypothetical enclosing cylinder is an element of
conservatism in the HI-STORM modeling.

Thus, whereas air flows toward the bottom ducts from areas of supply which are scattered in a
three dimensional continuum with partial restriction from neighboring casks, the analytical
model blocks the air flow completely from areas outside the hypothetical cylinder. This is
illustrated in Figure 4.B.4 in which an impervious boundary is shown to limit HI-STORM 100
cask access to fresh air from an annular opening near the top.,

Thus, in the HI-STORM model, the feeder air to the HI-STORM 100 System must flow down
the hypothetical annulus sweeping past the external surface of the cask. The ambient air,
assumed to enter this hypothetical annulus at the assumed environmental temperature, heats by
convective heat extraction from the overpack before reaching the bottom (inlet) ducts. In this
manner, the temperature of the feeder air into the ducts is maximized. In reality, the horizontal
flow of air in the vicinity of the inlet ducts, suppressed by the enclosed cylinder construct (as
shown in Figure 4.B.4) would act to mitigate the pre-heating of the feeder air. By maximizing
the extent of air preheating, the computed value of ventilation flow is underestimated in the
simulation.

4.B.4 CONSERVATISM IN RADIANT HEAT LOSS

In an array of casks, the external (exposed) cask surfaces have a certain "view" of each other.
The extent of view is a function of relative geometrical orientation of the surfaces and presence
of other objects between them. The extent of view influences the rate of heat exchange between
surfaces by thermal radiation. The presence of neighboring casks also partially blocks the escape
of radiant heat from a cask- thus affecting its ability to dissipate heat to the environment. This
aspect of Radiative Blocking (RB) is illustrated for a reference cask (shown shaded) in Figure
4.B.5. It is also apparent that a cask is a recipient of radiant energy from adjacent casks (Radiant
Heating (RH)). Thus, a thermal model representative of a cask array must address the RB and
RH effects in a conservative manner. To bound the physical situation, a Hypothetical Reflecting
Boundary (HRB) modeling feature is introduced in the thermal model. The HRB feature
surrounds the HI-STORM 100 overpack with a reflecting cylindrical surface with the boundaries
insulated.

In Figures 4.B.6 and 4.B.7 the inclusion of RB and RH effects in the HI-STORM 100 modeling
is graphically illustrated. Figure 4.B.6 shows that an incident ray of radiant energy leaving the
cask surface bounces back from the HRB thus preventing escape (i.e., RB effect maximized).
The RH effect is illustrated in Figure 4.B.7 by superimposing on the physical model reflected
images of HI-STORM 100 cask surrounding the reference cask. A ray of radiant energy from an
adjacent cask directed toward the reference cask (AA) is duplicated by the model via another ray
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of radiant energy leaving the cask (BB) and being reflected back by the HRB (BA'). A
significant feature of this model is that the reflected ray (BA') is initiated from a cask surface
(reference cask) assumed to be loaded -with design basis maximum heat (hottest surface
temperature). As the strength of the ray-is directly proportional to the fourth power of surface
temperature, radiant energy emission from an adjacent cask at a lower heat load will be
overestimated by the HRB construct. In other words, the reference cask is assumed to be in an
array of casks all producing design basis maximum heat. Clearly, it is physically impossible to
load every location of every cask with fuel emitting heat at design basis maximum. Such a spent
fuel inventory does not exist. This bounding assumption has the effect of maximizing cask
surface temperature as the possibility of "hot" (design basis) casks being radiatively cooled by
adjacent casks is precluded. The HRB feature included in the rH-STORM 100 model thus
provides a bounding effect of an infinite array of casks, all at design basis maximum heat loads.
No radiant heat-is permitted to escape the reference cask (bounding effect) and the reflecting
boundary mimics incident radiation toward the reference casks around the 360° circumference
(bounding effect).

4.B.5 CONSERVATISM IN REPRESEN4NG MODELING THE- MPC TOP
PLENUMfBASKR T AIALP tTISiTCA

The top region of the MPC contains an open space between the underside of the MPC lid and the
top of the fuel basket. In addition the top of the fuel basket contains mouseholes. For
conservatism, the open space portion of the top plenun is neglected in the MPC thermal model.
This results in added resistance to the thermosiphon action in the plenum region, which
overstates the cladding temperatures in the thermal models.

As stated earlier, the largest fraction of the total resistance to the flow of heat from the spent
nuclear fuel (SNF) to the ambient is centered in the basket itsclf. Out of the total temperatre
drop of approximately 6502F (C-6500 F).be+veen the peak fulc cladding temperature and the
ambient, over 4002F occurs in the fuel basket. Therefore, it stands to reason that conservatism in
the basket thermal simulation would have a pronounced cffcet on the cbnsenfatism in the final
solution. The thermal model of the fuel basket in the HII STORM 100 FSAR w^as ac6ordingl_
constmeted with a number of conservative assumptions that are described-in the HI STORM- 100
F&AR. Dae illustrate the signcanc of the whole afy erra f Xonsr atisnr by explaining dnc in
some detail in the following discussion.

It is recognized that the heat emission fromf a fuel assembly is axially non-uniform.- The
maximum heat generation occurs at about the mid height region of the. enriched. uranium
column, and tapers off toward its extremities. The axial heat conduetion in the fuel basket would
act to diffuse and levelize the temperature -field in the basket. The axial conductivity of the
basket, quite clearly, is the ;ey determinaknant inaon Ifew well the thermal field in the basket wouldhbe
homogenized. It is also evident that the conduction of heat along the length of the basket ccurs
in an unintermpted manner in a [II STOGRA 100 basket because of its continuously *&elded
heneyeembge ometgy. O the other had, the in planea ransfer of heat must oeecur trough-the
physieal gaps that baist betad en the fuel rlds, betTh een the fuel assembl and the basket otalls
adbwenslossor the basket andth MPGr rshe! Theser gaps depresr the in pnlane eornduetivty of the
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basket. However, in the interest of conservatism, only a small fraction of the axial conductivity
of the basket is included in the MII STORM 100 thermal model. This assumption has the direct
effcet of throttling the axial flow of heat and thus of elevating the computed value of mid height
cladding temperature (where the peak temperature occurs) above its actual value. In actuality,
the axial conductivity of the fuel basket is much greater than the in plane conductivity due to the
coutinuity of the fiuel and. b s..akt-stures in that direction. Had the axial conductivity of the
basket been modeled less conscrvatively in theHI STOCRI 100 thermal analysis, then the
temperature distribution in the basket will be more uniferm, i.e., the bottom region of the basket
would be hotter than that computed. This means that the temperature of the NIPC's external
surface in the bottom region is hotter- than compuited ithHISTORMI 100 analysis. It is a wvell-

nenown fact in ventilated column design that the lower the location in the column where the heat
is introduced, the more vigorous the ventilation action. Therefore, the conservatism in the
baslet's axial conductivity assumption has the net effet of reducing the computed ventilation
rate.

To estimate the conservatism in restricting the basket axial resistance, we perform a numerical
exercise using mathematical perturbation techniques. The axial conductivity (KW) ef the APC is,
as explained previously, much higher than the in plane (Kr) conductivity. The thermal solution to
the NIPG anisotropie conductivities problem (i.e. Kg and Y , are net equal) is mathematically
express edas a sum of a baseline isoti ro tion T. (setting prraion f
which accounts for anisotropic effets. From Fourier's Law of heat conduction in solids, the
perturbation equation for T' is reduced to the following form:

2 T _ dT
dz2 -

W~her, AK is the peitar-batieft parameter- (i.e. axial conductivity eff-set AK - Y;gK) he
boundary conditions for the pertbation solution are zero slope at peak cladding temperature
location (dT*ldz - 0) (which occurs at about the top of the active fuel height) and T* - 0 at the
bottom of the active fuel length. The object of this calculation is to compute T* where the peak
fuel cladding temperature is reahed. To this end,-the baseline thermal solution mT -i_ TT-
STORM isotropic modeling solution) is employed to compute an appropriate value for d2:ea
which characterizes the akial temperature rise ovcr the height of the active fuel length in the
hottest fuel cell. This is computed as ( AT 8. )-where -A1 is the fuel cell temperature rise and L
is the a.ctivefl lnt. Gn-vatwl p.ostultin aewer-W bound .F=X v., . fvv ".,. an Lv of 24-,, . .

is computed as nr 391 ft. integrating the perturbatien 6quatien shown above, the
following formula for TF* is obtained:

o _(AK) d'To r

Employing a c-nservative low value for, the )parameter of 0.15, T* is compI(Mud as--
34eF. In other words, the baseline HI STORM solution oeVr predicts the peak cladding
temperature by approximately 30'F
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4.B.6. HEAT DISSIPATION UNDERPREDICTION IN THE MPG DOWNCOMER

Internal circulation of helium in the sealed MPC is modeled as flow in a porous medium in the
fueled region containing the SNF (including top and bottom plenums). The basket-to-MPC shell
clearance space is modeled as a helium filled radial gap to include the downcomer flow-in the
thermal model. The downcomer region, as illustrated in Figure 4.4.2, consists of an azimuthally
varying gap formed by the square-celled basket outline and the cylindrical MPC shell. At the
locations of closest approach a differential expansion gap (a small clearance on the order of 1/10
of an inch) is engineered to allow free thermal expansion of the basket. At the widest locations,
the gaps are on the order of the fuel cell opening (-6" (BWR) and -9" (PWR) MPCs). It is
heuristically evident that heat dissipation by: conduction is maximum at the closest approach
locations (low thermal resistance path) and that convective heat transfer is highest at the widest
gap locations (large downcomer flow). In the FLUENT thermal model, a radial gap that is large
compared to the basket-to-shell clearance and small compared to the cell opening is used. As a
relatively large gap penalizes heat dissipation by conduction and a small gap throttles convective
flow, the use of a single gap in the FLUENT model understates both conduction and convection
heat transfer in the downcomer region. Furthermore, heat dissipation by the aluminum heat
conduction elements, if used, is-conservatively neglected in the iherrnesipo md employed-
in the HI STORA! modeling.

In previous revisions of this FSAR, the downcomer area was grossly understated in the FLUENT
models. In Revision 2 of the FSAR, the downcomer area is still slightly understatedfor all MPC
geometries (see table below), but the extent of conservatism has been moderated.

Comparison of the Actual and Assumed MPCs DowncomerFlowAreas

Actual (Based on Assumed in the Assumed in --the
draivings provided in FLUENT Model FLUENT Model
Section 1.5) (Revision 1) (Revision 2)

APC-24 700.6 517.1 641.4

MPC-24E & APC- 664.9 517.1 641.4
24EF
APC-32 & MPC-32F 773.3 - 517.1 .746.1

APC-68, MPC-68F & 629.9 370.6 601.1
MPC-68FF

Heat dissipation in the downcomer region is the sum of five-four elements, viz. convective heat
transfer (Cl), helium conduction heat transfer (C2), basket-to-shell contact heat transfer (G3),
and radiation heat transfer (C4). and aluminumnh eonduction elements (if used) heat transfer (C5).
In the HI-STORM thermal modeling, tm'.o elements ef heat transfer (G3 and C5) are C3 is
completely neglected, C2 is severely penalized and'Cl is underpredicted. In other words the HI-
STORM thermosiphon model has choked the radial flow of heat in the downcomer space. This
has the direct effect of raising the temperature of fuel in the thermal solutions.
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4.B.7 CONSERVATISM IN MPC EXTERNAL HEAT DISSIPATION TO CHIMNEY AIR

The principle means of decay heat dissipation to the environment is by cooling of the MPC
surface by chimney air flow. Heat rejection from the MPC surface is by a combination of
convective heat transfer to a through flowing fluid medium (air), and conduction through the
overpack structure. natural convection cooling at the outer overpack surface, and by radiation
heat tralsF.- Because the temperature of the fuel stored in the MPC is directly affected by the
rate of heat dissipation from the canister external surface, heat transfer correlations with robust
conservatisms are employed in the HI-STORM simulations. The FLUENT computer code
deployed for the modeling employs a so called "wall-functions" approach for computing the
transfer of heat from solid surfaces to fluid medium. This approach has the desired effect of
computing heat dissipation in a mes conservative manner. As this default approach has been

emplyedin he heral edel~git s entetaaly relevant to quantif' the eensev~atism in a
classieal setting to prcevide an additienal level of assur-ance in the HI STORM results. Toe do this,
we have posed a classical heat transfer problem of a heated square block ooled in a stream ot
upward moving air. The problem is illustrated in Figur-e 4.B.8. From the physics of the problem,
the maximum steady state solid interior temperature (To)-is-emputed-as:

T T- r T hinr 4-gTr

where, k temperature (mean of inlet and outlet air temperature)
____ _ - Solid surface to air temperature difference
ATg - Solid block interior temperture elevation

The sink temperature is computed by first calculating the air cutlet temperture from energy
eenserfatien principles. Solid to air heat tansfer- is computed using classical natural convection
correlation proposed by Jakeob and Havcn ('lments'of Heat TrFansfer"2, john W~iley & Sons,
1957) and ATs is readily computed by an analytical solution to the equation of heat conduction
in solids. By solving this same problem on the FLUENT computer code using the in built '!vall-
functions", in excess of 1000 F conervatve m o the classical result for
esalished.

4.B.8 N4ISCELLAŽJEOUS sOUANTIFICATIONOFMARGINSTIAER CONSERVATIS&MS

Section 4.4.6 of the FSAR lists eleven elements an array of conservatisms, of which certain non-
transparent and individually significant items are discussed in detail in this appendix. To quantify
individual thermal margins, several FLUENT sensitivity runs are performed using the limiting
canister (MPC-68). In these runs each modeling parameter described below is individually
changed from its original design value to a best estimate value and the Peak Cladding
Temperature (PCT) re-computed. Finally, a composite thermal model is constructed with the
modeling parameters set at their best estimate value and the combined PCT margin is obtained.

1) Flow Resistance Margin

The axialflow resistance of thefiuel cells is simulated using the porous media model. An explicit

I
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3D evaluation has determined that the porous media model used in the HI-STORM thermal
models over-predicts fuel cell pressure drop by 45%. To quantify the thermal margin, the porous
the pressure drop overprediction is removed andpeak clad temperature re-computed.

2) Fuel Basket Axial Conductivity Margin.

In computing the axial conductivity of the -fuel basket, the thermal design neglected the
conductivity offuel pellets. To quantify the thermal margin, the fuel pellet conductivities data
reported in HI-STORMFSAR Table 4.2.3 are used to re-compute the MPC-68 fuel basket axial
conductivities reported next: -

T t (F Design Axial Conductivity Re-ComputedAxialemperaure (Btu/ft-hr-0F) Conductivity (Btulft-hr-0 F)

200 j2.186 3.308
450 2.379 3.525
700 2.548 3.537

Using the recomputed axial conductivities the MPC-68 thermal model is run andpeak cladding
temperature is obtained.

3) Helium Thermal Conductivity Margin

The HI-STORM thermal calculations employ thermal conductivity of helium at I atm pressure.
This assumption ignores the enhancement of helium thermal conductivity at elevated pressures
within the MPC (-7 atm). According to Reid et. al. thermal conductivity of gases rise with
pressure as:

K(P) = K(P.) (1 + 0/100 (P-P.))

Where, K(P) is the gas conductivity at pressure P. K(P0) is the conductivity at reference pressure
PO and 9 is the pressure enhancementfactor (1% per bar). Using the above information, K(P) is
used to define the helium conductivity in the HI-STORM model and peak cladding temperature
obtained.

4) Downcomer Area Margin

As stated previously in Section 4.B.6 the MPC annulus downcomer areas in the FLUENT
thermal models are understated. To uncover the thermal margin, the model dowvncomer area
understatement is removed by increasing the annular gap and peak clad temperatures re-
computed.

Finally, it is noted that the computed peak cladding temperatures reported in the HI-STORM

"The Properties of Gases and Liquids,. 4'b Edition, by RC. Reid, J.M. Prausnitz and B.E. Poling, McGraw Hill,
Inc., (1987).
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FSAR (Tables 4.4.9, 4.4.10 and 4.4.26) are lower than the 752"F temperature limitfor all MPCs.
This can be viewed as an additional thermal margin in the HI-STORM System. The computed
margins provided in the FSAR are reproduced in Table 4-5. 1.

Table 4.B.2 contains the results of thermal analysis wherein each of the four parameters (items
(1) though (4)) discussed above are individually set to best-estimate values, and an additional
run to obtain their composite effect. As Table 4-5.2 shows, the margin between the computed
peak cladding temperature with all four parameters set at realistic values and the 7527F limit
varies from a lower bound of 707Ffor MPC-68, of which 21 "F is due to the margin reported in
the FSAR using the licensing basis model. Because MPC-32 and MPC-24 have much greater
margins (907F and 647F, respectively) predicted by the licensing basis model, the total margin
for these PWVR MPCs will be accordingly larger (approximately 113"F to 139"F).
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Table 4.B.1

Licensing Basis Model PCT Temperatures Margin From Limit

Model Margin in the Peak
MPC MCladding Temperature
- MPC-24 64

APC-32 90
MPC-68 21
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Table 4.B.2

Lower Bound Individual Peak Clad Temperature Margins in the HI-STORMSystem

Reduction in the Computed Peak
Item Cladding Temperature

(F)
1. Flow Resistance 36.5
2. Fuel BasketAxial Conductivity 8.0
3. Helium Conductivity 6.0
4. Downcomer Area 2.8
A. Composite analysis with all four
parameters (Items I through 4 above) 49
set at realistic values
B. Margin from the limit (Table 4.B.1) 21
Total margin (A & B above) 70

Thcse conscratisms are primarily Pintrinsic to thc medeling methodology or arc product -f
a~ssumptions hi; the hiput data. E-xamnples in the latfer-eategery are values assumed in tie ihermal
anaLysi for key inputs sueh as insolation heat, ambicnt Wm and encissivity of Me hat
ciehangc surf-aces. Conscrvatisms in tichformer category iieludes implicit assumnptions to under
reprcsent hcat transfer, an cramplc of this being the assumptione that fucl pcllets do not
contribute to axial hcat dissipation i the AGC. . listing of conservatisfs is provided below:

Axial heat transfcr through fuel pcllets is neglected.
TAC UpflOwv of helium through the AIQCs is assumcd to bc laminar (high flow resistanice, low

heat tmifef9,
Heat dissipation by grid spaccrs, top & botton fittings is igk0red.

s.tioUn ,heatinga ssumned ith a bounding absorbtivity oyf.9.
Contact bet ven fiuel and bask-et and betwceen basket and supports neglected.
A1PC is assumfed to be loaded- with the most thchvally rcsistivcfiel tpe in its categoey (BR R

orPWR) as eppiable.
Fially, itshould be noted that the Iomputed peak claddig temperAtueI. f a _AVRS ar also
lower than the 400nG limit by varying amounts, which can be viewed as an additional therna!

margin in the system. The assufptions inherent to the FL UTNTAsolutioh n methodology and to the
solution process in conj ncwtion with those in the input data, are estinated to hafve an-aggregate
effiect of overestimating cladding temperatures by a considerable amount, as estimnated in Table
1.B.1.

Out of the balance of conServatisms, the one of notable mention is the conservatism in fuel decay
heat generation stipulation based on thc most heat emissive fuel assembly type. This posture
imputes a largc conservatism for certain other fuel types, which have a much lower quantity of
Uranium fuel inventory--relative to thc design-basiscl type. Combining this with other
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miseellaneous conservatisms,-an aggregate effect is to overestimate cladding temperatures by
abeut 1 SOF t&WR_

4.B.9 CONCLUSIONS

The foregoing narrative provides a physical deseription of the man) elements of conservatism in
the HI STORM 100 thermal model. The conser.atisms may be broadly divided into tvo
eategeries:

1. Those intrinsic to the FLUENT modeling process.

2. Thsearising fomthe input data and o the HISTOR 100 therma i deling.

The conservatism in Category (1) may be identified by r-eiewing the Holtee Internaticnal
Benchmark Report [4.B.1], which shows that the FLUENT solution methodology, when applied
to the prototype cask (TN 24P) over predicts the peak cladding temperature by as much as 79 uP

and as mueh as 37'F relative to the PwTh results (see Ataehment 1 T T Reference [4.B.1 fo
their- COBRA SFS solution as compared against Heltec's FLUENT solution-.

Categoei (2) consernatisms are these that we have deliberately embedded in the HI STORMI 100
thermal model to ensure that the computed value of th pealk fuel cladding temprature is further
over stated. Table 4.B.l contains a listing of the major consenatisms in the HI STORA! 100
thermal model, along mith an estimate of the effect (increase) of each on the computed pealk
cladding temperature.

1.B.9 REFEREINCES

n1] ' *R ot on the Hi ST IAA STORM ermal Model andu Bking I
with Full Size Cask Test Data", Holtcc ReporteHI 992252, Rev. 1. I
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8.1 PROCEDURE FOR LOADING THE rI-STORM 100 SYSTEM IN THE SPENT FUEL
POOL

8.1.1 Overview of Loading Operations:

The HI-STORM 100 System is used to load, transfer and store spent fuel. Specific steps are
performed to prepare the HI-STORM 100 System for fuel loading, to load the fuel, to prepare the
system for storage and to place it in storage at an ISFSI. The MPC transfer may be performed in
the cask receiving area, at the ISFSI, or any other location deemed appropriate by the user. HI-
TRAC and/or HI-STORM may be transferred between the ISFSI and the fuel loading facility
using a specially designed transporter, heavy haul transfer trailer, or any other load handling
equipment designed for such applications as long as the Techiical Spceification. lift height
restrictions are met (lift height restrictions apply only to suspended forms of transport). Users
shall develop detailed written procedures to control on-site transport operations. Section 8.1.2
provides the general procedures for rigging and handling of the HI-STORM overpack and HI-
TRAC transfer cask. Figure 8.1.1 shows a general flow diagram of the In-STORM loading
operations.

Refer to the boxes of Figure 8.1.2 for the following description. At the start of loading
operations, an empty MPC is upended (Box 1). The empty MPC is raised and inserted into HI-
TRAC (Box 2). The annulus is filled with plant demineralized watert and the MPC is filled with
either spent fuel pool water or plant demineralized water (borated as required) (Box 3). An
inflatable seal is installed in the upper end of the annulus between the MPC and HI-TRAC to
prevent spent fuel pool water from contaminating the exterior surface of the MPC.' HI-TRAC
and the MPC are then raised and lowered into the spent fuel pool for fuel loading using the lift
yoke (Box 4). Pre-selected assemblies are loaded into the MPC and a visual verification of the
assembly identification is performed (Box 5).

While still underwater, a thick shielded lid (the MPC lid) is installed using either slings attached
to' the lift yoke or the optional Lid Retention System (Box 6). The lift yoke remotely engages to
the HI-TRAC lifting trunnions to lift the HI-TRAC and loaded MPC close to the spent fuel pool
surface (Box 7). When radiation dose rate measurements confirm that it is safe to remove the HI-
TRAC from the spent fuel pool, the cask is removed from the spent fuel pool. If the Lid
Retention System is being used, the HI-TRAC top lid bolts are installed to secure the MPC lid
for the transfer to the cask preparation area. - The lift yoke and HI-TRAC are sprayed with
demineralized water to help remove contamination as they are removed from the spent fuel pool.

HI-TRAC is placed in the designated preparation area and the Lift Yoke and Lid Retention
System (if utilized) are removed. The next phase of decontamination is then performed. The top
surfaces of the MPC lid and the upper flange of HI-TRAC are decontaminated. The Temporary
Shield Ring (if utilized) is installed and filled with water and the neutron shield jacket is filled
with water (if drained). The inflatable annulus seal is removed, and the annulus shield (if
utilized) is installed. The Temporary Shield Ring provides additional personnel 'shielding around
the top of the HI-TRAC during MPC closure operations. The annulus shield provides additional
personnel shielding at the top of the annulus and also prevents small items from being'dropped

t Users may substitute domestic water in each step where demineralized water is specified.
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into the annulus. Dose rates are measured at the MPC lid to ensure that the dose rates are within
expected values.

The MPC water level is lowered slightly, the MPC is vented, and the MPC lid is seal welded
using the automated welding system (Box 8). Visual examinations are performed on the tack
welds. Liquid penetrant (PT) examinations are performed on the root and final passes. An
ultrasonic or multi-layer PT examination is performed on the MPC Lid-to-Shell weld to ensure
that the weld is satisfactory. As an alternative to volumetric examination of the MPC lid-to-shell
weld, a multi-layer PT. is performed including one intermediate examination after approximately
every three-eighth inch of weld depth. The water level is raised to the top of the MPC and a
hydrostatic test followed by an additional liquid penetrant examination is performed on the MPC
Lid-to-Shell weld to verify structural integrity. .A small amount of watcr is displaced with
helium gas for leakage testing. A Ieakage rate test is performed on the NIPC lid to shell weld to
vcrif' weld integrity and to ensure that Icakagc rate. are within aceeptanec criteria (Sce
Tachnical Specification LCO 3.1.1).

To calculate the helium backfill requirements for the MPC, the free volume inside the MPC must
first be determined. This free volume may be determined by measuring the volume of water
displaced or any other suitable means.

Depending upon the heat load of the fuel, moisture is removed from the MPC using either a
vacuum drying system or forced helium dehydration system. . Section 4.5 of the FSAR has
guidance on moisture removal requirements for the various heat loads. For lower heat loads,
SThe vacuum drying system ismay be connected to the MPC and is used to remove all liquid
water from the MPC in a stepped evacuation process (Box 9). A stepped evacuation process is
used to preclude the formation of ice in the MPC and vacuum drying system lines. The internal
pressure is reduced to below 3 torr and held for 30 minutes to ensure that all liquid water is
removed (Scc Technical Specification LCO 3.1.1).

Altemativeoy4For higher-un up fuel heat loads, or as an alternative for lower heat loads, a
forced helium dehydrationmoisturc removal system is utilized to remove residual moisture from
the MPC. Gas is circulated through the MPC to evaporate and remove moisture. The residual
moisture is condensed until no additional moisture remains in the MPC. The temperature of the
gas exiting the system demoisturizer is maintained below 21 "Ffor a minimum of 30 minutes to
ensure that all liquid water is removedGas cxiting the MPG is monitored for entrained moistura
until no disccrnable moisture is prcsent in the bC.

Limitations for the at-vacuum duration are evaluated and established on a canister basis to
ensure that acceptable cladding temperatures are not exceeded. Refer to FSAR Section 4.5 for
requirements on moisture removal based on the heat load in the MPC. Following MPC
dfyingimoisture removal, the MPC is evacuated and backfilled with a predetermined pressure
amount of helium gas (Sce Tachnical Spceification LCO 3.1.1). If the MPC heat load is greater
than threshold limits from Section 4.5, a Supplemental Cooling System (SCS) is connected to the
HI-TRAC annulus prior 'to helium backfill and is used to circulate coolant to maintain fuel
cladding temperatures below ISG-J1 Rev. 3 limits (See Figure 2.C.1). Limitations for the at
vacuum duration arc evaluated and established on a canistcr basis to ensure that acceptable
eladding temperatures are not exceeded although a time limit of less than 2 hours at vacuum will
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bound any IMP. -The helium backfill ensures adequate heat transfer during storage, provides an
inert atmosphere for long-term fuel integrity, and provides the-a means effor future leakage rate
testing'of the MPC confinement boundary welds. Cover plates are installed and seal welded over
the MPC vent and drain ports with liquid penetrant examinations performed on the root and final
passes (for multi-pass welds) (Box 10). The coverr plates arc helium- lakage tested to confirm
that they meet the established leakage rate criteria.

The MPC closure ring is then placed on the'MPC and dose rates are measured at the MPC lid to
ensure that the dose rates are within expected values. The closure ring is aligned, tacked in place
and seal welded providing redundant closure of the MPC confinement boundary closure welds.
Tack welds are visually examined, and the root and final welds are inspected using the liquid
penetrant examination technique to ensure weld integrity.

The annulus shield (if utilized) is removed and the remaining water in the annulus is drained.
The Temporary Shield Ring (if utilized) is drained and removed. The MPC lid and accessible
areas of the top of the MPC shell are smeared for removable contamination (see Teehnica4
Specification LGO 3.2.2) and HI-TRAC dose rates are measured. HI-TRAC top lid3 is installed
and the bolts are torqued (Box 11). The MPC lift cleats are installed on the MPC lid. The MPC
lift cleats are the primary lifting point on the MPC. MPC slings are installed between the MPC
lift cleats and the lift yoke (Box 12)..

If the HI-TRAC 125 is not'being used, the transfer lid is attached to the HI-TRAC as follows.
The HI-TRAC is positioned above the transfer slide to prepare for bottom lid replacement. The
transfer slide consists of an adjustable-height rolling carriage and a pair of channel tracks. The
transfer slide supports the transfer step which is used to position the two lids at the same
elevation'and creates a tight seam between the tw6 lids to eliminate radiation streaming.. The
overhead crane is shutdown to prevent inadvertent operation. The transfer slide carriage is raised
to support the pool lid while the bottom lid bolts are removed. The transfer slide then lowers the
pool lid and replaces the pool lid with the transfer lid. The carriage is raised and the bottom lid
bolts are replaced. The MPC lift cleats and slings support the MPC during the transfer
operations. Following the transfer, the MPC slings are disconnected and HI-TRAC is positioned
for MPC transfer into HI-STORM.

MPC transfer may be performed inside or outside the fuel building (Box 13). Similarly, HI-
TRAC and HI-STORM may be transferred to the ISFSI in several different ways (Box 14 and
15). The empty HI-STORM overpack is "inspected and positioned with the lid removed. Vent
duct shield inserts' are installed in the HI-STORM exit vent ducts. The vent duct shield inserts
prevent radiation streaming from the HI-STORM Overpack as the MPC is lowered past the exit
vents. If the HI-TRAC 125D is used, the mating device is positioned on top of the HI-STORM.
The HI-TRAC is placed on top of HI-STORM. An alignment device (or mating device in tie
case of HI-TRAC 125D) helps guide HI-TRAC during this operation2 . The MPC may be
lowered using the MPC downloader, the main crane hook or other similar devices. The MPC

* Vent duct shield inserts are only used on the HI-STORM 100.
2 The alignment guide may be configured in many different ways to accommodate the specific sites. See

Table 8.1.6.
3 Users with the optional HI-TRAC Lid Spacer shall modify steps in their procedures to install and remove

the spacer together with top lid
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downloader (if used) may be attached to the HI-TRAC lid or mounted to the overhead lifting
device. The MPC'slings are attached to the MPC lift cleats.
If used, the SCS will be disconnectedfrom the HI-TRAC and the HI-TRAC annulus drained,
prior to transfer of the MPCfrom the HI-TRAC to the HI-STORM. If the transfer doors are used
(i.e. not the HI-TRAG 125D), the MPC is raised slightly, the transfer lid door locking pins are
removed and the doors are opened. If the HI-TRAC 125D is used, the pool lid is removed and
the mating device drawer is opened. Optional trim plates may be installed on the top and bottom
of both doors (or drawer for HI-TRAC 125D) and secured using hanid'clamps. The trim plates
eliminate radiation streaming above and below the doors (drawer). The MPC is lowered into HI-
STORM. Following verification that the MPC is fully lowered, the MPC slings are disconnected
from the lifting device and lowered onto the MPC lid. The trim plates are removed, the doors (or
drawer) are closed. The empty HI-TRAC must be removed with the doors open when the HI-
STORM 100S is used' to prevent interference with the lift cleats and slings. HI-TRAC is
removed from on top of HI-STORM. The MPC slings and MPC lift cleats are removed. Hole
plugs are installed in the empty MPC lifting holes to fill the voids left by the lift cleat bolts. The
alignment device (or mating device with pool lid for HI-TRAC 125D) and vent duct shield
inserts (if used) are removed, and the HI-STORM lid'is installed. The exit vent gamma shield
cross plates temperature elements (if used) and vent screens are installed.. The HI-STORM lid
studs and nuts are installed. The HI-STORM is secured to the transporter (as applicable) and
moved to the ISFSI pad. The HI-STORM Overpack and HI-TRAC transfer. cask may be moved
using a number of methods as long as the lifting equipment requirements in the Technical
Speeifleatien-are met. For sites with high seismic conditions, the HI-STORM 100A is anchored
to the ISFSI. Once located at the, storage pad, the inlet vent gamma shield cross plates are
installed and the shielding effectiveness test is performed. Finally, the temperature elements and
their instrument connections are installed (if used), and the air temperature rise testing (if
required- by the Technical Speeifications) is performed to ensure that the system is functioning
within its design parameters.

8.1.2 HI-TRAC and HI-STORM Receiving and Handling Operations

Note:
HI-TRAC may be received and handled in several different configurations and may be
transported on-site in a horizontal or vertical orientation. This section provides general
guidance for HI-TRAC and HI-STORM handling. Site-specific procedures shall specify the
required operational sequences based on the handling configuration at the sites. Refef te the
Technical Specifications for loaded HI TRAC and HI STORBI 100 Overpack handling

1. Vertical Handling of HI-TRAC:

a. Verify that the lift yoke load test certifications are current.

b. Visually inspect the lifting device (lift yoke or lift links) and the lifting trunnions
for gouges, cracks, deformation or other indications of damage. Replace or repair
damaged components as necessary.

c. Engage the lift yoke to the lifting trunnions. See Figure 8.1.3.
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d. Apply lifting tension to the lift yoke and verify proper engagement of the lift
yoke.

Note:
Refer to the site's heavy load handling procedures for lift height, load path, floor loading and
other applicable load handling requirements. Rcefer to Technieal Specification 1.9 for
additional equipment handling rAeuiremeAts.

Warning:
When lifting the loaded HI-TRAC with only the pool lid, the HI-TRAC should be carried as
low as practicable. This minimizes the dose rates due to radiation scattering from the floor.
Personnel should remain clear of the area and the HI-TRAC should be placed in position as
soon as practicable.

I

e., Raise HI-TRAC and position it accordingly.

2. Upending of HI-TRAC in the Transfer Frame:

a. Position HI-TRAC under the lifting device. Refer to Step l, above.

b. If necessary, remove the missile shield from the HI-TRAC Transfer Frame. See
Figure 8.1.4.

c. Verify that the lift yoke load test certifications are current.

d. - Visually inspect the lift yoke and the lifting trunnions for gouges, cracks,
deformation or other indications of damage. Repair or replace damaged
components as necessary.

e. Deleted.

f. Engage the lift yoke to the lifting trunnions. See Figure 8.1.3.

g. Apply lifting tension to the lift yoke and verify proper engagement of the lift
yoke.

h. Slowly rotate HI-TRAC to the vertical position keeping all rigging as close to
vertical as practicable. See Figure 8.1.4.

i. If used, lift the pocket trunnions clear of the Transfer Frame rotation trunmions.

3. Downending of HI-TRAC in the Transfer Frame:

ALARA Warning:
A loaded HI-TRAC should only be downended with the transfer lid or other auxiliary shielding
installed.

a. Position the Transfer Frame under the lifting device.

b. Verify that the lift yoke load test certifications are current.

c. Visually inspect the lift yoke and the lifting trunnions for gouges, cracks,
deformation or other indications of damage. Repair or replace damaged
components as necessary.

d. Deleted.
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e. Deleted.

f. Engage the lift yoke to the lifting trunnions. See Figure 8.1.3.

g. Apply lifting tension to the lift yoke and verify proper lift yoke engagement.

h. Position the pocket trunnions to receive the Transfer Frame rotation trunnions.
See Figure 8.1.4 (Not used for HI-TRAC 125D).

i. Slowly rotate HI-TRAC to the horizontal position keeping all rigging as close to
vertical as practicable.

j. Disengage the lift yoke.

4. Horizontal Handling of HI-TRAC in the Transfer Frame:

a. Verify that the Transfer Frame is secured to the transport vehicle as necessary.

b. Downend HI-TRAC on the Transfer Frame per Step 3, if necessary.

c. If necessary, install the HI-TRAC missile Shield on the HI-STAR 100 Transfer
Frame (See Figure 8.1.4).

5. Vertical Handling of HI-STORM:

Note:
The HI-STORM 100 Overpack may be lifted with a special lifting device that engages the
overpack anchor blocks with threaded studs and connects to a cask transporter, crane, or
similar equipment. The device is designed in accordance with ANSI N14.6.

a. Visually inspect the HI-STORM lifting device for gouges, cracks, deformation or
other indications of damage.

b. Visually inspect the transporter lifting attachments for gouges, cracks,
deformation or other indications of damage..

c. If necessary, attach the transporter's lifting device to the transporter and HI-
STORM..

d. Raise and position HI-STORM accordingly. See Figure 8.1.5.

6. Empty MPC Installation in HI-TRAC:

Note:
To avoid side loading the MPC lift lugs, the MPC must be upended in the MPC Upending
Frame (or equivalent). See Figure 8.1.6.

a. If necessary, rinse off any road dirt with water. Remove any foreign objects from
the MPC intemals.

b. If necessary, upend the MPC as follows:

1. Visually inspect the MPC Upending Frame for gouges, cracks,
deformation or other indications of damage. Repair or replace damaged
components as necessary.
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2. Install the MPC on the Upending Frame. Make sure that the banding
straps are secure around the MPC shell. See Figure 8.1.6.

3. Inspect the Upending Frame slings in accordance with the site's lifting
equipment inspection procedures. Rig the slings around the bar in a
choker configuration to the outside of the cleats. See Figure 8.1.6.

4. Attach the MPC upper end slings of the Upending Frame to the main
overhead lifting device. Attach the bottom-end slings to a secondary
lifting device (or a chain fall attached to the primary lifting device) (See
Figure 8.1.6).

5. Raise the MPC in the Upending Frame.

e eWarning:
The Upending Frame corner should be kept close to the ground during the upending process.

6. Slowly lift the upper end of the Upending Frame while lowering the
bottom end of the Upending Frame.

7. When the MPC approaches the vertical orientation, tension on the lower
slings may be released.

8. Place the MPC in a vertical orientation.

9. Disconnect the MPC straps and disconnect the rigging.

c. Install the MP in HI-TRAG as follows:

I. Install the four point lift sling to the lift lugs inside the MPC. See Figure
8.1.7.

2.- Raise and place the MPC inside HI-TRAC.

Note:
An alignment punch mark is provided on HI-TRAC and the top edge of the MPC. Similar
marks are provided on the MPC lid and closure ring. See Figure 8.1.8.

3. Rotate the MPC so the alignment marks agree and seat the MPC inside
HI-TRAC. Disconnect the MPC rigging or the MPC lift rig.

8.1.3 HI-TRAC and MPC Receipt Inspection and Loading Preparation

Note:

Receipt inspection, installation of the empty MPC in the HI-TRAC, and lower fuel spacer
installation may occur at any location or be performed at any time prior to complete submersion
in the spent fuel pool as long as appropriate steps are taken to prevent contaminating the
exterior of the MPC or interior of the HI-TRAC.
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ALARA Note:
A bottom protective cover may be attached to HI-TRAC pool lid bottom. This will help
prevent imbedding contaminated particles in HI-TRAC bottom surface and ease the
decontamination effort.

1. Place HI-TRAC in the cask receiving area. Perform appropriate contamination and
security surveillances, as required.

2. If necessary, remove HI-TRAC Top Lid by removing the top lid bolts and using the lift
sling. See Figure 8.1.9 for rigging.

a. Rinse off any road dirt with water. Inspect all cavity locations for foreign objects.
Remove any foreign objects.

b. Perform a radiological survey of the inside of HI-TRAC to verify there is no
residual contamination from previous uses of the cask.

3. Disconnect the rigging.

4. Store the Top Lid and bolts in a site-approved location.

5. If necessary, configure HI-TRAC with the pool lid as follows:

ALARA Warning:
The bottom lid replacement as described below may be performed only on an empty HI-
TRAC.

a. Inspect the seal on the pool lid for cuts, cracks, gaps and general condition.
Replace the seal if necessary.

b. Remove the bottom lid bolts and store them temporarily.

c. Raise the empty HI-TRAC and position it on top of the pool lid.

d. Inspect the pool lid bolts for general condition. Replace worn or damaged bolts
with new bolts.

e. Install the pool lid bolts. See Table 8.1.5 for torque requirements.

f. If necessary, thread the drain connector pipe to the pool lid.

g. Store the HI-TRAC Transfer Lid in a site-approved location.

6. At the site's discretion, perform an MPC receipt inspection and cleanliness inspection in
accordance with a site-specific inspection checklist.

7. Install the MPC inside HI-TRAC and place HI-TRAC in the designated preparation area.
See Section 8.1.2.

Note:
Upper fuel spacers are fuel-type specific. Not all fuel types require fuel spacers. Upper fuel
spacer installation may occur any time prior to MPC lid installation.

8. Install the upper fuel spacers in the MPC lid as follows:
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Warning:
| Never work under a suspended load.

a. Position the MPC lid on supports to allow access to the underside of the MPC lid.

b. Thread the fuel spacers into the holes provided on the underside of the MPC lid.
See Figure 8.1.10 and Table 8.1.5 for torque requirements.

c. Install threaded plugs in the MPC lid where and when spacers will not be
installed, if necessary. See Table 8.1.5 for torque requirements.

9. At the user's discretion perform an MPC lid and closure ring fit test:

Note:
It may be necessary to perform the MPC installation and inspection in a location that has
sufficient crane clearance to perform the operation.

a. Visually inspect the MPC lid rigging (See Figure 8.1.9).

b. At the user's discretion, raise the MPC lid such that the drain line can be installed.
Install the drain line to the underside of the MPC lid. Ensure that the reducer is
fully seated against the bottom ofthe MPC lid. See Figure 8.1.11.

c. Align the MPC lid and lift yoke so the drain line will be positioned in the MPC
drain location. See Figure 8.1.12. Install the MPC lid. Verify that the MPC lid fit
and weld prep are in accordance with the design drawings.

ALARA Note:
The closure ring is installed by hand. Some grinding may be required on the closure ring to
adjust the fit.

d. Install, align and fit-up the closure ring.

e. Verify that closure ring fit and weld prep are in accordance with the fabrication
drawings or the approved design drawings.

f. Remove the closure ring, vent and drain port cover plates and the MPC lid.
Disconnect the drain line. Store these components in an approved plant storage
location.

10. At the user's discretion, perform an MPC vent and drain port cover plate fit test and
verify that the weld prep is in accordance with the approved fabrication drawings.

Note:
Fuel spacers are fuel-type specific. Not all fuel types require fuel spacers. Lower fuel spacers
are set in the MPC cells manually. No restraining devices are used.

11. Install lower fuel spacers in the MPC (ifnecessary). See Figure 8.1.10.

12. Fill the MPC and annulus as follows:

a. Fill the annulus with plant demineralized water to just below the inflatable seal
seating surface.
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Caution:

Do not use any sharp tools or instruments to install the inflatable seal. Some air in the
inflatable seal helps in the installation.

b. Manually insert the inflatable annulus seal around the MPC. See Figure 8.1.13.

c. Ensure that the seal is uniformly positioned in the annulus area.

d. Inflate the seal. - -

e. Visually inspect the seal to ensure that it is properly seated in the annulus.
Deflate, adjust and inflate the seal as necessary. Replace the seal as necessary.

ALARA Note:
Bolt plugs, placed in, or waterproof tape over empty bolt holes, reduce the time required for
decontamination.

13. At the user's discretion, install HI-TRAC top lid bolt plugs and/or apply waterproof tape
over any empty bolt holes.

K g te wALARA Note:
Keeping the water level below the top of the MPC prevents splashing during handling.

14. Fill the MPC with either demineralized water or spent fuel pool water to approximately
12 inches below the top of the MPC shell. Refer to LC 3.3.1Tables 2.1.14 and 2.1.16
for boron concentration requirements.

15. If necessary for plant crane capacity limitations, drain the water from the neutron shield
jacket. See Tables 8.1.1 through 8.1.4 as applicable.

16. Place HI-TRAC in the spent fuel pool as follows:

ALARA Note:
The term "Spent Fuel Pool" is used generically to refer to the users designated cask loading
location. The optional Annulus Overpressure System is used to provide further protection
against MPC external shell contamination during in-pool operations.

a. If used, fill the Annulus Overpressure System lines and reservoir with
demineralized water and close the reservoir valve. Attach the Annulus
Overpressure System to the HI-TRAC. See Figure 8.1.14.

b. Verify spent fuel pool for boron concentration requirements in accordance with
LOCO3.3.1Tables 2.1.14 and 2.1.16.

c. Engage the lift yoke to HI-TRAC lifting trunnions and position HI-TRAC over
the cask loading area with the basket aligned to the orientation of the spent fuel
racks.

ALARA Note:
Wetting the components that enter the spent fuel pool may reduce the amount of
decontamination work to be performed later.

I

I
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d. Wet the surfaces of HI-TRAC and lift yoke with plant demineralized water while
slowly lowering HI-TRAC into the spent fuel pool.

e. When the top of the HI-TRAC reaches the elevation of the reservoir, open the
Annulus Overpressure System reservoir valve. Maintain the reservoir water level
at approximately 3/4 full the entire time the cask is in the spent fuel pool.

f. Place HIf-TRAC on the floor of the cask loading area and disengage the lift yoke.
Visually verify that the lift yoke is fully disengaged. Remove the lift yoke from
the spent fuel pool while spraying the crane cables and yoke with plant
demineralized water.

g. Observe the annulus seal for signs of air leakage. If leakage is observed (by the
steady flow of bubbles emanating from one or more discrete locations) then
immediately remove the HI-TRAC from the spent fuel pool and repair or replace
the seal.

MPC Fuel Loading8.1.4

Note:
An underwater camera or other suitable viewing device may be used for monitoring
underwater operations.

Note:
When loading aPCs requiring soluble boron, the boron concentration of the water shall be
checked in accordance with Tables 2.1.14 and 2.1.16 before and during operations with fiel
and water in the MPC.

1. Perform a fuel assembly selection verification using plant fuel records to
ensure that only fuel assemblies that meet all the conditions for loading as
specified in Appendix B to CoG 72 1014Section 2.1.9 have been selected
for loading into the MPC.

2. Load the pre-selected fuel assemblies into the MPC in accordance with the
approved fuel loading pattern.

3. Perform a post-loading visual verification of the assembly identification to
confirm that the serial numbers match the approved fuel loading pattern.

I
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8.1.5 MPC Closure
8.1.5 MPC Clogure

Note:
The user may elect to use the Lid Retention System (See Figure 8.1.15) to assist in the
installation of the MPC lid and lift yoke, and to provide the means to secure the MPC lid in the
event of a drop accident during loaded cask handling operations outside of the spent fuel pool.
The user is responsible for evaluating the additional weight imposed on the cask, lift yoke,
crane and floor prior to use. See Tables 8.1.1 through 8.1.4 as applicable. The following
guidance describes installation of the MPC lid using the lift yoke. The MPC lid may also be
installed separately.

Depending on facility configuration, users may elect to perform MPC closure operations with
the HI-TRAC partially submerged in the spent fuel pool. If opted, operations involving
removal of the HI-TRAC from the spent fuel pool shall be sequenced accordingly.

1. Remove the HI-TRAC from the spent fuel pool as follows:

a. Visually inspect the MPC lid rigging or Lid Retention System in accordance with
site-approved rigging procedures. Attach the MPC lid to the lift yoke so that MPC
lid, drain line and trunnions will be in relative alignment. Raise the MPC lid and
adjust the rigging so the MPC lid hangs level as necessary.

b. Install the drain line to the underside of the MPC lid. Ensure that the reducer is
fully seated against the bottom of the MPC lid. See Figure 8.1.17.

c. Align the MPC lid and lift yoke so the drain line will be positioned in the MPC
drain location and the cask trunnions will also engage. See Figure 8.1.1 1 and
8.1.17.

ALARA Note:
Pre-wetting the components that enter the spent fuel pool may reduce the amount of
decontamination work to be performed later.

d. Slowly lower the MPC lid into the pool and insert the drain line into the drain
access location and visually verify that the drain line is correctly oriented. See
Figure 8.1.12.

e. Lower the MPC lid while monitoring for any hang-up of the drain line. If the
drain line becomes kinked or disfigured for any reason, remove the MPC lid and
replace the drain line.

Note:
The outer diameter of the MPC lid will seat flush with the top edge of the MPC shell when
properly installed.

f. Seat the MPC lid in the MPC and visually verify that the lid is properly installed.

g. Engage the lift yoke to HI-TRAC lifting trunnions.
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h. Apply a slight tension to the lift yoke and visually verify proper engagement of
the lift yoke to the lifting trunnions.

ALARA Note:
Activated debris may have settled on the top face of Mi-TRAC and MPC during fuel loading.
The cask top surface should be kept under water until a preliminary dose rate scan clears 'the
cask for removal.' Users are responsible for any water dilution considerations.

'i. Raise HI-TRAC until the MPC lid is just below the surface of the spent fuel pool.
Survey the area above the cask lid to check for hot particles. Remove any
activated or highly radioactive particles from HI-TRAC or MPC.

j. Visually verify that the MPC lid is properly seated. Lower HI-TRAC, reinstall
the lid, and repeat as necessary.

k. Install the Lid Retention System bolts if the lid retention system is used.

1. Continue to raise the HI-TRAC under the direction of the plant's radiological
control personnel. Continue rinsing the surfaces with demineralized water. When
the top of the HI-TRAC reaches the same elevation as the reservoir, close the

'Annulus Overpressure System reservoir valve (if used). See Figure 8.1.14.

Caution:
Users are required to take necessary actions to prevent boiling of the water in the MPC. This
may be accomplished by performing a site-specific analysis to identify a time limitation'to
ensure that water boiling will not occur in the MPC prior to the initiation of draining
operations. Chapter 4 of the FSAR provides some sample time limits for the time to initiation
of draining for various spent fuel pool water temperatures using design basis heat loads. These
time limits may be adopted if the user chooses not to perform a site-specific analysis. If time
limitations are imposed, users shall have appropriate procedures and equipment to take action.
One course of action involves initiating an MPC water flush for a certain duration and flow
rate. Any site-specific analysis shall identify the methods to respond should it become likely
that the imposed time limit could be exceeded. Refer to LCO 3.3.1 Tables 2.1.14 and 2.1.16 for
boron concentration requirements whenever water is added to the loaded MPC.

m. Remove HI-TRAC from the spent fuel pool while spraying the surfaces with plant
demineralized water. Record the time.

ALARA Note:
Decontamination of HI-TRAC bottom should be performed using remote cleaning methods,
covering or other methods to minimize personnel exposure. The bottom lid decontamination
may be deferred to a convenient and practical time and location. Any initial decontamination
should only be sufficient to preclude spread of contamination within the fuel building.

n. Decontaminate HI-TRAC bottom and HI-TRAC exterior surfaces including the
pool lid bottom. Remove the bottom protective cover, if used.

o. If used, disconnect the Annulus Overpressure System from the HI-TRAC See
Figure 8.1.14.

p. Set HI-TRAC in the designated cask preparation area.
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K2
* -- - Note:

If the transfer cask is expected to be operated in an environment below 32 TF, the water jacket
shall be filled with an ethylene glycol solution (25% ethylene glycol). Otherwise, the jacket
shall be filled with demineralized water. Depending on weight limitations, the neutron shield
jacket may remain filled (with pure water or 25% ethylene glycol solution, as required). Users
shall evaluate the cask weights to ensure that cask trunnion, lifting devices and equipment load
limitations are not exceeded.

q. If previously drained, fill the neutron shield jacket with plant demineralized water
or an ethylene glycol solution (25% ethylene glycol) as necessary.

r. Disconnect the lifting slings or Lid Retention System (if used) from the MPC lid
and disengage the lift yoke. Decontaminate and store these items in an approved
storage location.

Warning:
MPC lid dose rates are measured to ensure that dose rates are within expected values. Dose
rates exceeding the expected values could indicate that fuel assemblies not meeting the CoC
may have been loaded.

s. Measure the dose rates at the MPC lid and verify that the combined gamma and
neutron dose is below expected values.

t. Perform decontamination and a dose rate/contamination survey of HI-TRAC.

u. Prepare the MPC annulus for MPC lid welding as follows:

ALARA Note:
If the Temporary Shield Ring is not used, some form of gamma shielding (e.g., lead bricks or
blankets) should be placed in the trunnion recess areas of the HI-TRAC water jacket to
eliminate the localized hot spot.

v. Decontaminate the area around the HI-TRAC top flange and install the
Temporary Shield Ring, (if used). See Figure 8.1.18.

ALARM Note:
The water in the HI-TRAC-to-MPC annulus provides personnel shielding. The level should be
checked periodically and refilled accordingly.

*7W. Attach the drain line to the HI-TRAC drain port and lower the annulus water level
approximately 6 inches.

2. Prepare for MPC lid welding as follows:
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Note:
The following steps use two identical Removable Valve Operating Assemblies (RVOAs) (See
Figure 8.1.16) to engage the MPC vent and drain ports. The MPC vent and drain ports are
equipped with metal-to-metal seals to minimize leakage during drying, and to withstand the
long-term effects of temperature and radiation. The RVOAs allow the vent and drain ports to
be operated like valves and prevent the need to hot tap into the penetrations during unloading
operations. The RVOAs are purposely not installed until the cask is removed from the spent
fuel pool to reduce the amount of decontamination.

Note:
The vent and drain ports are opened by pushing the RVOA handle down to engage the square
nut on the cap and turning the handle fully in the counter-clockwise direction. The handle will
not turn once the port is fully open. Similarly, the vent and drain ports are closed by turning
the handle fully in the clockwise direction. The ports are closed when the handle cannot be
turned further.

Note:

Steps involving preparation for welding may occur in parallel as long as precautions are taken
to prevent contamination of the annulus.

a. Clean the vent and drain ports to remove any dirt. Install the RVOAs (See Figure
8.1.16) to the vent and drain ports leaving caps open.

ALARA Warning:
Personnel should remain clear of the drain hoses any time water is being pumped or purged
from the MPC. Assembly crud, suspended in the water, may create a radiation hazard to
workers. Controlling the amount of water pumped from the MPC prior to welding keeps the
fuel assembly cladding covered with water yet still allows room for thermal expansion.

b. Attach the water pump to the drain port (See Figure 8.1.19) and lower the water
level to keep moisture away from the weld region.

c. Disconnect the water pump.

d. Carefully decontaminate the MPC lid top surface and the shell area above the
inflatable seal

e. Deflate and remove the inflatable annulus seal.

ALARA Note:
The MPC exterior shell survey is performed to evaluate the performance of the inflatable
annulus seal. Indications of contamination could require the MPC to be unloaded. In the event
that the MPC shell is contaminated, users must decontaminate the annulus. If the
contamination cannot be reduced to acceptable levels, the MPC must be returned to the spent
fuel pool and unloaded. The MPC may then be removed and the external shell
decontaminated.
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f. Survey the MPC lid top surfaces and the accessible areas of the top three inches
of the MPC shell in aecordance with the requirements efTrchnialI Spceification
LCO 3.2.2.

ALARA Note:
The annulus shield is used to prevent objects from being dropped into the annulus and helps
reduce dose rates directly above the annulus region. The annulus shield is hand installed and
requires no tools.

g. Install the annulus shield. See Figure 8.1.13.

3. Weld the MPC lid as follows:

ALARA Warning:
Grinding of MPC welds may create the potential for contamination. All grinding activities
shall be performed under the direction of radiation protection personnel.

ALARA Warning:
It may be necessary to rotate or reposition the MPC lid slightly to achieve uniform weld gap
and lid alignment. A punch mark is located on the outer edge of the MPC lid and shell. These
marks are aligned with the alignment mark on the top edge of the HI-TRAC Transfer Cask
(See Figure 8.1.8). If necessary, the MPC lid lift should be performed using a hand operated
chain fall to closely control the lift to allow rotation and repositioning by hand. If the chain
fall is hung from the crane hook, the crane should be tagged out of service to prevent
inadvertent use during this operation. Continuous radiation monitoring is recommended.

a. If necessary center the lid in the MIPC shell using a hand-operated chain fall.

Note:
The MPC is equipped with lid shims that serve to close the gap in the joint for MPC lid closure
weld.

b. As necessary, install the MPC lid shims around the MPC lid to make the weld gap
uniform.

ALARA Note:
The AWS Baseplate shield is used to further reduce the dose rates to the operators working
around the top cask surfaces.

c. Install the Automated Welding System baseplate shield. See Figure 8.1.9 for
rigging.

d. If used, install the Automated Welding System Robot.

Note:
It may be necessary to remove the RVOAs to allow access for the automated welding system.
In this event, the vent and drain port caps should be opened to allow for thermal expansion of
the MPC water.
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Caution:

Oxidation of Boral panels and aluminum components contained in the MPC may create
hydrogen gas while the MPC is filled with water. Appropriate monitoring for combustible gas
concentrations shall be performed prior to, and during MPC lid welding operations. The space
below the MPC lid shall be exhausted or purged with inert gas prior to, and during MPC lid
welding operations to provide additional assurance that flammable gas concentrations will not
develop in this spacelt is also recommended for defense in depth that the space below the
MPC lid be exhausted or purged with inert gas prior to, and during MPC lid welding
opefatiens to provide additional assuran.e that explesive gas mixtures will net de i
space.

e. Perform combustible gas monitoring and-i+desiff-e& exhaust or purge the space
under the MPC lid with an inert'gas to ensure that there is no combustible mixture
present in the welding area.

f. Perform the MPC lid-to-shell weld and NDE with approved procedures (See 9.1
and Table 2.2.15). - -

g.

h.

Deleted.

Deleted.

i. Deleted.

j. Deleted.

4. Perform hydrostatic and MIPC Gcalagc rate testing as follows: I

ALARANote:
The leakage rates are determined before the MPC is drained for ALARA reasons. A weld
repair is a lower dose activity if water remains inside the MPC.

a. Attach the drain line to the vent port and route the drain line to the spent fuel pool
or the plant liquid radwaste system. See Figure 8.1.20 for the hydrostatic test
arrangement.

ALARA Warning:
Water flowing from the MPC may carry activated particles and fuel particles. Apply
appropriate ALARA practices around th6 drain line.

b. Fill the MPC with either spent fuel pool water or plant demineralized water until
water is observed flowing out of the vent port drain hose. Refer to LGO
3.334Tables 2.1.14 and 2.1.16 for boron concentration requirements.

c. Perform a hydrostatic .test of the MPC as follows:

1. Close the drain valve and pressurize the MPC to 125 +51-0 psig.

2. Close the inlet valve and monitor the pressure for a minimum of 10
minutes. The pressure shall not drop during the performance of the test.
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3. Following the 10-mhinute hold period, visually examine the MPC lid-to-
shell weld for leakage of water. The acceptance criteria is no observable
water leakage.

d. Release the MPC internal pressure, disconnect the water fill line and drain line
from the vent and drain port RVOAs leaving the vent and drain port caps open.

1. Repeat the liquid penetrant examination on the MPC lid final pass.

c.Attach a regulated helium supply to the vent port and attach the drain line to the drain
port as shortwn on Figurc 8.1.2 1.

f.Verify the orreet pressure on the helium supply and open the helium supply valve.
Drain approeximately twenty gallons.

g.Alose the drain port valve and pressurize the MPG.

h.Close the vent port.
, . . . . P. a CAN A . -

iI'I~r~t44mn s1,cliimr on~mzr- nr-sha klnicng rnFte $Lat st the P.414 lid tA qhall wa!A Inrm0~
... _ssvs

aZcordance with the Mass Speetrometer- Leak Deteetor A (4STLD) manufaetur-er s
instmetions and ANSI NI 1.5 [8.1.2]. The MIPG Helium Leak Rate shall be -

5.ME 6 atrm ccsee (He) based on a 1 atmosphere pressure differential across the

se. Repair any weld defects in accordance with the site's approved weld repair
procedures. Reperform the Ultrasonic (if necessary), PT, and Hydrostatic and
Helium Leakage tests if weld repair is performed.

5. Drain the MPC as follows:

a. Attach the drain line to the vent port and route the drain line to the spent fuel pool
or the plant liquid radwaste system. See Figure 8.1.20.

ALARA Warning:
Water flowing from the MPC may carry activated particles and fuel particles. Apply
appropriate ALARA practices around the drain line.

b. Attach the water fill line to the drain port and fill the MPC with either spent fuel
pool water or plant demineralized water until water is observed flowing out of the
drain line.

c. Disconnect the water fill and drain lines from the MPC leaving the vent port valve
open to allow for thermal expansion of the MPC water.

ALARA WVarning:
Dose rates will rise as water is drained from the MPC. Continuous dose rate monitoring is

recommended.

d. Attach a regulated helium or nitrogen supply to the vent port.

e. Attach a drain line to the drain port shown on Figure 8.1.2 1.

f. Deleted
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g. verity The correct pressure on the gas supply.

h. Open the gas supply valve and record the time at the start of MPC draining.

Note:
An optional warming pad may be placed urider the HI-TRAC Transfer Cask to replace the heat
lost during the evaporation process of MPC drying. This may be used at the user's discretion
for older and colder fuel assemblies to reduce vacuum drying times.

i. Start the warming pad, if used.

Note:
jUsers may continue to purge the MPC to remove as much water as possible.

j. Drain the water out of the MPC until water ceases to flow out of the drain line.
Shut the gas supply valve. See Figure 8.1.2 1.

k. Deleted.

1. Disconnect the gas supply line from the MPC.

m. Disconnect the drain line from the MPC.

6. Dry the MPC as follows:

Caution:
Limitations for the at-vacuum duration are evaluated and established on a canister-specific
basis to ensure that acceptable cladding temperatures are not exceeded. Refer to FSAR
Section 4.5 for guidance.

Note:
Vacuum drying orforced helium dehydration moisture removal (for higher bin'upheat load
fuel) is performed to remove moisture and oxidizing gasses from the MPC. This ensures a
suitable environment for long-term storage of spent fuel assemblies and ensures that the MPC
pressure remains within design limits. The vacuum drying process described herein reduces
the MPC internal pressure in stages. Dropping the internal pressure too quickly may cause the
formation of ice in the fittings. Ice formation could result in incomplete removal of moisture
from the MPC. The moisture removal process limits bulk MPC temperatures by continuously
circulating gas through the MPC. Steps 6.bg41-.2a- through h in Section 8.1.5 are used for
vacuum drying. Steps 9.4-h26i through k in Section 8.1.5 are used for moisture removal.

a. If using the vacuum drying system, go to Section 8.1.5 Step 6.b. If using the
forced helium dehydration system, go to Section 8.1.5 Step 6.i.Attaeh the diying
syst e i D) t th.e v+ e.t and d+rain port RAI . mec Figu re .1 .22a fir the
vacuum driung system and .1 .22b for the moisture removal system. Other
equipment configurations that achieve the same results may also be used.
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Note:
The vacuum drying system may be configured with an optional fore-line condenser. Other
equipment configurations that achieve the same results may be used.

b. Attach the vacuum dryingsystem (VDS) to the vent and drain port RVOAs. See
Figure 8.1.22aDeleted.

c. Deleted.

d. Deleted.

Note:
To preventfreezing of water, the MPC internal pressure should be lowered in incremental
steps. The vacuum drying system pressure will remain at about 30 torr until most of the liquid
water has been removedfrom the MPG.

e. Open the VDS suction valve and reduce the MPC pressure to below 3
torrDeked.

f. Shut the VDS valves and verify a stable MPC pressure on the vacuum gaugeOpeft
the \TDS suction valve and reducc th IPC prsure to below 3 torr.

Note:
The MPC pressure may rise due to the presence of water in the MPC. The dryness test may
need to be repeated several times until all the water has been removed. Leaks in the vacuum
drying system, damage to the vacuum pump, and improper vacuum gauge calibration may
cause repeatedfailure of the dryness verification test. These conditions should be checked as
part of the corrective actions ifrepeatedfailure of the dryness verification test is occurring.

g. Perform the MPC drying pressure testShut the NVDS valves and vcrif; a stable
MPG Brer-e in the .vauuffl ago

h. FPrforn, th. IA WC d Ovine nressurc test in accordanrce 'ith th' tfchnical

pe-ifi.agenins.Proceed to Step 6.1 ofSection 8.1.5 if not using theforced helium
dehydration system.

Attach the moisture rneovValforcedhelium dehydration system to the vent and
drain port RVOAs. See Figure 8.1.22b.

j. Circulate the drying gas though the NIPC while monitoring the circulating gas for
moisture. Collect and remove the moisture from the system as necessary.
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A-TeCaution:
Limitations for the handling of the loaded MPC in HI-TRA C are evaluated and established on
a canister basis to ensure that acceptable cladding temperatures are not exceeded Refer to
FSAR Section 4.5for specific time limits for transporting a loaded MPC in theHI-TRAC
transfer CASK based on MPC heat loads. For MPCs containing greater than threshold heat
loads, the Supplemental Cooling System (SCS) mttstshall be used to preventfuel cladding
temperatures which exceed ISG-11 Rev. 3 limits. The implementation of cooling using the SCS
must begin immediatelyfollowing cessation of the drying operations with the FHD. Staging
and check-out of the SCSshall be completed prior to the end of FHD operations to minimize
the time to begin operation. Use of the SCS shall continue until the MPC is ready for transfer
to the HI-STORM

k. Continue the monitoring and moisture removal until LGO 3.1.1 is the acceptance
criteria are met for MPC dryness.

1 If required, connect the Supplemental Cooling System (SCS) to the HI-TRA C
annulus (See Figure 2. C. for an example configuration).

Caution:
When water is first introduced to the HI-TRAC annulus for supplemental cooling, it will flash
to steam until the MPC shell temperature has dropped to below the boiling point of the water.
Appropriate precautions shall be in place prior to filling the annulus to prevent personal
injury and damage to plant systems from the escaping water vapor.

m. If required, begin circulating the coolant through the HI-TRA C annulus to
maintain fuel cladding temperatures below ISG-11 Rev. 3 limits. Coolantflow
rates shall be controlled to maintain adequate cooling as detailed in Section 4.5
of the FSAR.

n. Discontinue MPC drying operations.

}4o. If necessary, attach the vacuum pump to the MPC.

#.tp. Evacuate the MPC to below 10 torr.

q. Close the vent and drain port valves.

07r. Disconnect the VDS from the MPC.

qat.

Stop the warming pad, if used.

Close the drain port RVOA cap and remove the drain port RVOA.

7. Backfill the MPC as follows:

Note:
Helium backfill shall be in accordance with the Tcchnical Specification atperformed using
helium with 99.995% (minimum) purity. Other equipment configurations that achieve the
same results may be used.

a. Set the helium bottle regulator pressure to the appropriate pressure.

b. Purge the Helium Backfill System to remove oxygen from the lines.
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c. Attach the Helium Backfill System to the vent port as shown on Figure 8.1.23 and
open the vent port.

d. Slowly open the helium supply valve while monitoring the pressure rise in the
MPC.

e. Deleted

f. Deleted

g. Deleted

Note:
If helium bottles need to be replaced, the bottle valve needs to be closed and the entire
regulator assembly transferred to the new bottle.

h. Carefully backfill the MPC in accordanee with the technical specificationsin
accordance with Table 4.4.37.

i. Disconnect the helium backfill system from the MPC.

j. Close the vent port RVOA and disconnect the vent port RVOA.

8. Weld the vent and drain port cover plates as follows:

Note:
The process provided herein may be modified to perform actions in parallel. Usefsmay
perform the final PT on the cifrcumfcrcetial and plug ovedo at the same time.

a. Wipe the inside area of the vent and drain port recesses to dry and clean the
surfaces.

b. Place the cover plate over the vent port recess.

c. Weld the cover plate.

c.Weld the cover plate and perform NDE with approved procedures (Sec 9.1 and Table 2.2.15)

N~ote:
ASME Boiler and Pressure Vessel Code [8.1.3], Section V, Article 6 provides the liquid
penetrant inspection methods. The acceptance standards for liquidpenetrant examination
shall be in accordance with ASME Boiler and Pressure Vessel Code, Section III, Subsection
NB, Article NB-5350 as specified on the Design Drawings. ASME Code, Section III,
Subsection NB, Article NB-4450 provides acceptable requirements for weld repair. NDE
personnel shall be qualifiedper the requirements of Section V of the Code or site-specific
program.

fid. Perform NDE on the cover plate with approved procedures (See 9.1 and Table
2.2.15)Deleted.

gre. Repair any weld defects in accordance with the site's approved code weld repair
procedures.Deleted.

I
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L., Deleted.

f*g. Deleted.

J.h. Deleted.

ki. Repeat for the drain port cover plate.

9.Pcrform a leakage test of the MPC vent and drain port cover plates as folloe'sv:

.RepairD any weld defeetb in acor-danee wth the site's approved COde ld .. pA
proeedures. Re per-fefm the leakagge test as required.

44-9. Weld the MPC closure ring as follows:

ALARA Note:
The closure ring is installed by hand. No tools are required. Localized grinding to achieve the
desired fit and weld prep are allowed.

a. Install and align the closure ring. See Figure 8.1.8.

b. Weld the closure ring to the MPC shell and the MPC lid, and perform NDE with
approved procedures (See 9.1 and Table 2.2.15).-

c. Deleted.

d. Deleted.

e. Deleted.

f. Deleted.

g. Deleted.

h. Deleted.

1. Deleted.

j. If necessary, remove the AWS. See Figure 8.1.7 for rigging.

8.1.6 Preparation for Storage

ALARA Warning:
Dose rates will rise around the top of the annulus as water is drained from the annulus. Apply
appropriate ALARA practices.

Caution:
Limitations for the handling of the loaded MPC in HI-TRA C are evaluated and established on
a canister basis to ensure that acceptable cladding temperatures are not exceeded. Refer to
FSAR Section 4.5 for more detailed guidance on time limits based on MPC heat loads.

1. Remove the annulus shield (if used) and store it in an approved plant storage location

2. If use of the SCS is not required, Aattach a drain line to the HI-TRAC and drain the
remaining water from the annulus to the spent fuel pool or the plant liquid radwaste
system.
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3. Install HI-TRAC top lid as follows:

Warning:
When traversing the MPC with the HI-TRAC top lid using non-single-failure proof (or
equivalent safety factors), the lid shall be kept less than 2 feet above the top surface of the
MPC. This is performed to protect the MPC lid from a potential lid drop.

a. Install HI-TRAC top lid. Inspect the bolts for general condition. Replace worn or
damaged bolts with new bolts.

b. Install and torque the top lid bolts. See Table 8.1.5 for torque requirements.

c. Inspect the lift cleat bolts for general condition. Replace worn or damaged bolts
with new bolts.

d. Install the MPC lift cleats and MPC slings. See Figure 8.1.24 and 8.1.25. See
Table 8.1.5 for torque requirements.

e. Drain and remove the Temporary Shield Ring, if used.

4. Replace the pool lid with the transfer lid as follows (Not required for HI-TRAC 125D):

ALARA Note:
The transfer slide is used to perform the bottom lid replacement and eliminate the possibility of
directly exposing the bottom of the MPC. The transfer slide consists of the guide rails, rollers,
transfer step and carriage. The transfer slide carriage and jacks are powered and operated by
remote control. The carriage consists of short-stroke hydraulic jacks that raise the carriage to
support the weight of the bottom lid. The transfer step produces a tight level seam between the
transfer lid and the pool lid to minimize radiation streaming. The transfer slide jacks do not
have sufficient lift capability to support the entire weight of the HI-TRAC. This was selected
specifically to limit floor loads. Users should designate a specific area that has sufficient room
and support for performing this operation.

Note:
The following steps are performed to pretension the MPC slings.

a. Lower the lift yoke and attach the MPC slings to the lift yoke. See Figure 8.1.25.

b. Raise the lift yoke and engage the lift yoke to the HI-TRAC lifting trunnions.

c. If necessary, position the transfer step and transfer lid adjacent to one another on
the transfer slide carriage. See Figure 8.1.26. See Figure 8.1.9 for transfer step
rigging.

d. Deleted.

e. Position HI-TRAC with the pool lid centered over the transfer step approximately
one inch above the transfer step.

f. Raise the transfer slide carriage so the transfer step is supporting the pool lid
bottom. Remove the bottom lid bolts and store them temporarily.
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ALARA Warning:
Clear all personnel away from the immediate operations area. The transfer slide carriage and
jacks are remotely operated. The carriage has fine adjustment features to allow precise
positioning of the lids.

g. Lower the transfer carriage and position the transfer lid under HI-TRAC.

h. Raise the transfer slide carriage to place the transfer lid against the HI-TRAC
bottom lid bolting flange.

i. Inspect the transfer lid bolts for general condition. Replace worn or damaged
bolts with new bolts.

j. Install the transfer lid bolts. See Table 8.1.5 for torque requirements.

k. Raise and remove the HI-TRAC from the transfer slide.

1. Disconnect the MPC slings and store them in an approved plant storage location.

Note:
HI-STORM receipt inspection and preparation may be performed independent of procedural
sequence.

5. Perform a Ill-STORM receipt inspection and cleanliness inspection in accordance with a
site-approved inspection checklist, if required. See Figure 8.1.27 for HI-STORM lid
rigging.

Note:
MPC transfer may be performed in the truck bay area, at the ISFSI, or any other location
deemed appropriate by the licensee. The following steps describe the general transfer
operations (See Figure 8.1.28). The HI-STORM may be positioned on an air pad, roller'skid in
the cask receiving area or at the'ISFSI. The HI-STORM or HI-TRAC may be transferred to
the ISFSI using a heavy haul transfer trailer, special transporter or other equipment specifically
designed for such a function (See Figure 8.1.29) as long as the HI-TRAC and HI-STORM
lifting requirements as described in the Tcehnical Specifications are not exceeded. The
licensee is responsible for assessing and controlling floor loading conditions during the MPC
transfer operations. Installation of the'lid, ven't screen, and other components may vary
according to the cask movement methods and location of MPC transfer.

8.1.7 Placement of HI-STORM into Storage

1. Position an empty HI-STORM module at the designated MPC transfer location. The HI-
STORM may be positioned on the ground, on a deenergized air pad, on a roller skid, on
a flatbed trailer or other special device designed for such purposes. If necessary, remove
the exit vent screens and gamma shield cross plates temperature elements and the HI-
STORM lid. See Figure 8.1.28 for some of the various MPC transfer options.

a. Rinse off any road dirt with water. Inspect all cavity locations for foreign objects.
Remove any foreign objects.

b. Transfer the HI-TRAC to the MPC transfer location.
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2. De-energize the air pad or chock the vehicle wheels to prevent movement of the HI-
STORM during MPC transfer and to maintain level, as required.

ALARA Note:
The HI-STORM vent duct shield inserts eliminate the streaming path created when the MPC is
transferred past the exit vent ducts. Vent duct shield inserts are not used with the HI-STORM
100S.

3. Install the alignment device (or mating device for HI-TRAC 125D) and if necessary,
install the HI-STORM vent duct shield inserts. See Figure 8.1.30.

Caution:
For APCs with heat loads requiring supplemental cooling, the time to complete the transfer is
limited to preventfuel cladding temperatures in excess of ISG-I IRev. 3 limits. (See Section
4.5) All preparatory work related to the transfer should be completed prior to terminating the
supplemental cooling operations.

4. Deletedlf used, discontinue the supplemental cooling operations and disconnect the SCS.
Drain the waterfrom the HI-TRAC annulus to an appropriate plant discharge point.

5. Position HI-TRAC above HI-STORM. See Figure 8.1.28.

6. Align HI-TRAC over HI-STORM (See Figure 8.1.31) and mate the overpacks.

7. If necessary, attach the MPC Downloader. See Figure 8.1.32.

8. Attach the MPC slings to the MPC lift cleats.

9. Raise the MPC slightly to remove the weight of the MPC from the transfer lid doors (or
pool lid for HI-TRAC 125D and mating device)

10. If using the HI-TRAC 125D, unbolt the pool lid from the HI-TRAC..

11. Remove the transfer lid door (or mating device drawer) locking pins and open the doors
(or drawer).

ALARA Warning:
MPC trim plates are used to eliminate the streaming path above and below the doors (or
drawer). If trim plates are not used, personnel should remain clear of the immediate door area
during MPC downloading since there may be some radiation streaming during MPC raising
and lowering operations.

12. At the user's discretion, install trim plates to cover the gap above and below the
door/drawer. The trim plates may be secured using hand clamps or any other method
deemed suitable by the user. See Figure 8.1.33.

13. Lower the MPC into HI-STORM.

14. Disconnect the slings from the MPC lifting device and lower them onto the MPC lid.

15. Remove the trim plates (if used), and close the doors (or mating device drawer)
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ALARA Warning:
Personnel should remain clear (to the maximum extent practicable) of the HI-STORM annulus
when HI-TRAC is removed due to radiation streaming.

Note:
It may be necessary, due to site-specific circumstances, to move HI-STORM from under the
empty HI-TRAC to install the HI-STORM lid, while inside the Part 50 facility. In these cases.
users shall evaluate the specifics of their movements within the requirements of their Part 50
license.

16. Remove HI-TRAC from on top of HI-STORM.

17. Remove the MPC lift cleats and MPC slings and install hole plugs in the empty MPC bolt
holes. See Table 8.1.5 for torque requirements.

18. Place HI-STORM in storage as follows:

a. Remove the alignment device (mating device with HI-TRAC pool lid for HI-
TRAC 125D)and vent duct shield inserts (if used). See Figure 8.1.30.

b. Inspect the HI-STORM lid studs and nuts for general condition. Replace worn or
damaged components with new ones.

c. If used, inspect the HI-STORM 100A anchor components for general condition.
Replace worn or damaged components with new ones.

d. Deleted.

Warning:
Unless the lift is single failure proof (or equivalent safety factor) for the HI-STORM Lid, the
lid shall be kept less than 2 feet above the top surface of the overpack. This is performed to
protect the MPC lid from a potential HI-STORM 100 lid drop.

Note:
Shims may be used on the HI-STORM 100 lid studs. If used, the shims shall be positioned to
ensure a radial gap of less than 1/8 inch around each stud. The method of cask movement will
determine the most effective sequence for vent screen, lid, temperature element, and vent
gamma shield cross plate installation.

e. Install the HI-STORM lid and the lid studs and nuts.. See Table 8.1.5 for bolting
requirements. Install the HI-STORM 100 lid stud shims if necessary. See Figure
8.1.27 for rigging.

f. Install the HI-STORM exit vent gamma shield cross plates, temperature elements
(if used) and vent screens. See Table 8.1.5 for torque requirements. See Figure
8.1.34a and 8.1.34b.

g. Remove the HI-STORM lid lifting device and install the hole plugs in the empty
holes. Store the lifting device in an approved plant storage location. See Table
8.1.5 for torque requirements.

h. Secure HI-STORM to the transporter device as necessary.
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19. Perform a transport route walkdown to ensure that the cask transport conditions are met.
See Tchnical Specifieation for the on site eask handling limitations.

20. Transfer the HI-STORM to its designated storage location at the appropriate pitch. See
Figure 8.1.35.

Note:
Any jacking system shall have the provisions to ensure uniform loading of all four jacks during
the lifting operation.

a. If air pads were used, insert the HI-STORM lifting jacks and raise HI-STORM.
See Figure 8.1.36. Remove the air pad.

b. Lower and remove the HI-STORM lifting jacks, if used.

c. For HI-STORM 1O0A overpack (anchored), perform the following:

1. Inspect the anchor stud receptacles and verify that they are clean and ready
for receipt of the anchor hardware.

2. Align the overpack over the anchor location.

3. Lower the overpack to the ground while adjusting for alignment.

4. Install the anchor connecting hardware (See Table 8.1.5 for torque
requirements).

21. Install the HI-STORM inlet vent gamma shield cross plates and vent screens. See Table
8.1.5 for torque requirements. See Figure 8.1.34.

22. Perform shielding effectiveness testing per Trchnical Specification LCO 3.2.3.

23. Perform an air temperature rise test as follows for the first HI-STORM 100 System
placed in service:

Note:
The air temperature rise test shall be performed between 5 and 7 days after installation of the
HI-STORM 100 lid to allow thermal conditions to stabilize. The purpose of this test is to
confirm the initial performance of the HI-STORM 100 ventilation system.

a. Measure the inlet air (or screen surface) temperature at the center of each of the
four vent screens. Determine the average inlet air (or surface screen) temperature.

b. Measure the outlet air (or screen surface) temperature at the center of each of the
four vent screens. Determine the average outlet air (or surface screen)
temperature.

c. Determine the average air temperature rise by subtracting the results of the
average inlet screen temperature from the average outlet screen temperature.

d. Report the results to the certificate holder.
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Table 8.1.1
ESTIMATED HANDLING WEIGHTS OF HI-STORM 100 SYSTEM COMPONENTS

125-TON HI-TRAC

Component MPC-24 MIPC-32 MPC-68 Caset Ap licabilit
(Lbs.) (Lbs.) (Lbs.) 1 2 3 4 5 6

Empty HI-STORM 100 overpack (without lid)tt. . 245,040 245,040 245,040 1 _
HI-STORM 100 lid (without rigging) 23,963 23,963 - 23,963 _
Empty HI-STORM 100S (232) overpack (without Iid)tt 230,000 230,000 230,000 1
Empty HI-STORM 100S (243) overpack (without lid) 239,000 239,000 239,000 1
HI-STORM IOOS lid (without rigging) 25,500 25,500 25,500 .
Empty MPC (without lid or closure ring including drain 29,845 24,503 29,302 I 1 I 1 1 1
line) *._ ._ _
MPC lid (without fuel spacers or drain line) . 9,677 9,677 10,194 1 1 .1 1 1 1
MPC Closure Ring 145 145 , 145 1 I I 1
Fuel (design basis) 40,320 53,760 47,600 1 1 1 1 1 1
Damaged Fuel Container (Dresden 1) 0 0 150
Damaged Fuel Container (Humboldt Bay) 0 0 120
MPC water (with fuel in MPC) 17,630 17,630 16,957 1 1
Annulus Water 256 256 256 1 1
HI-TRAC Lift Yoke (with slings) 3,600 3,600 3,600 I I 1
Annulus Seal 50 50 50 1 _1
Lid Retention System 2,300 2,300 2,300
Transfer frame 6,700 6,700 .6,700 . _

Mating Device . 15,000 15,000 15,000C
Empty HI-TRAC 125 (without Top Lid, neutron shield 117,803 117,803 1 1 1 I
acket water, or bottom lids) . .__.____
Empty Hi-TRAC 125D (without Top Lid, neutron shield 119,400 119,400 119,400 1 1 .

jacket water, or bottom lids) -

HI-TRAC 125 Top Lid 2,745 2,745 2,745 1 I
HI-TRAC 125D Top Lid 2,645 2,645 2,645 I I _
Optional HI-TRAC Lid Spacer (weight lbs/in thickness) 400 400 -400
HI-TRAC 125/125D Pool Lid(with bolts) 11,900 11,900 11,900 1 1
HI-TRAC Transfer Lid (with bolts) (125 Only) 23,437 23,437 23,437 1 I _
HI-TRAC 125 Neutron Shield Jacket Water 8,281 8,281 8,281 . I _ 1
HI-TRAC 125 D Neutron Shield Jacket Water 9,000 9,000 9,000 1 I I
MPC Stays (total of 2) 200 200 200
MPC Lift Cleat 480 230 480 1 1 1

Actual component weights are dependant upon as-built dimensions. The values provided herein are estimated.
FSAR analyses use bounding values provided elsewhere. Users are responsible for ensuring liflcd loads meet site
capabilities and requirements.

t See Table 8.1.2 for a description of each load handling case.
tt Add an additional 1955 lbs. for the HI-STORM IOOA overpack.
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TABLE 8.1.2
ESTIMATED HANDLING WEIGHTS

125-TON HI-TRAC

Caution:
The maximum weight supported by the 125-Ton HI-TRAC lifting trunnions cannot exceed
250,000 lbs. Users must take actions to ensure that this limit is not exceeded.

Note:
The weight of the fuel spacers and the damaged fuel container are less than the weight of the
design basis fuel assembly for each MPC and are therefore not included in the maximum
handling weight calculations. Fuel spacers are determined to be the maximum combination
weight of fuel + spacer. Users should determine their specific handling weights based on the
MPC contents and the expected handling modes.

Case Load Handling Evolution Weight (Ibs)
No. _MPC-24 |IPC-32 | PC-68

Loaded HI-TRAC 125 removal from spent fuel pool (neutron tank empty) 231,300 239,300 237,800
2 Loaded HI-TRAC 125 removal from spent fuel pool (neutron tank full) 239,500 247,600 246,100
3 Loaded HI-TRAC 125 During Movement through Hatchway 236,500 244,300 243,700
IA Loaded HI-TRAC 125D removal from spent fuel pool (neutron tank empty) 232,800 240,900 239,400
2A Loaded HI-TRAC 125D removal from spent fuel pool (neutron tank full) 241,800 249,900 248,400
3A Loaded HI-TRAC 125D During Movement through Hatchway 227,300 235,100 234,500
4 MPC during transfer operations 80,467 88,315 87,721

5A Loaded HI-STORM 100 in storage (See Note 5 to Table 8.1.1) 348,990 357,088 356,244
5B - Loaded HI-STORM 100S (232) in storage (See Note 5 to Table 8.1.1) 335,500 343,600 342,800
5C Loaded HI-STORM 100S (243) in storage (See Note 5 to Table 8.1.1) 344,500 352,600 351,800
6 Loaded HI-TRAC and transfer frame during on site handling 239,434 247,282 246,688

Actual component weights are dependant upon as-built dimensions. The values provided herein are estimated.
FSAR analyses use bounding values provided elsewhere. Users are responsible for ensuring lifted loads meet site
capabilities and requirements.
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Table 8.1.3
ESTIMATED HANDLING WEIGHTS OF HI-STORM 100 SYSTEM COMPONENTS 100-

TON HI-TRAC

Component MPC-24 hIPC-32 MPC-68 Caset Applicabili
. (Lbs.) (Lbs.) (Lbs.) I 2 3 4 5 6

Empty HI-STORM 100 overpack (without lid)tt  245,040 245,040 245,040 I
HI-STORM 100 lid (without rigging) . 23,963 23,963 23,963 1
Empty HI-STORM 100S (232) overpack (without lid)tt 230,000 230,000 230,000 1
Empty HI-STORM 100S (243) overpack (without lid)" 239,000 239,000 239,000 I
HI-STORM IOOS lid (without rigging) 25,500 25,500 25,500
Empty MPC (without lid or closure ring including drain 29,845 24,503 29,302 1 1 1 1 1 .
line)
MPC lid (without fuel spacers or drain line) 9,677- 9,677 .10,194 1 1 1 1 1 1
MPC Closure Ring 145 145 145 1 1 1 1
Fuel (design basis) 40,320 53,760 47,600 1 1 1 1 1 1
Damaged Fuel Container (Dresden 1) 0 0 150
Damaged Fuel Container (Humboldt Bay) 0 0 120=
MPC water (with fuel in MPC) - 17,630 17,630 16,957 1 1
Annulus Water 256 256 256 1 1
HI-TRAC Lift Yoke (with slings) 3,200 3,200 3,200 _ 1 1
Annulus Seal - 50 50 . 50 1 I1

Lid Retention System - , 2,300 2,300 2,300 = =

Transfer frame 6,700 6,700 6,700 1
Empty HI-TRAC (without Top Lid, neutron shield jacket 84,003 84,003 84,003 1 1 1 _
water, or bottom lids) - -
HI-TRAC Top Lid -- 1,189 1,189 .1,189 I 1 _
HI-TRAC Pool Lid - --- 7,863 7,863 7,863 1 =1
HI-TRAC Transfer Lid - - 16,686 16,686 16,686 1 I
HI-TRAC Neutron Shield Jacket Water 7,583 7,583 7,583 1 1 1
MPC Stays (total of 2) 200 200 200
MPC Lift Cleat 480 480 480 1 _

Actual component weights are dependant upon as-built dimensions. The values provided herein are estimated.
FSAR analyses use bounding values provided elsewhere. Users are responsible for ensuring lifted loads meet site
capabilities and requirements.

t See Table 8.1.4 for a description of each load handling case.
t t Add an additional 1955 lbs. for the HI-STORM 100A overpack.
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Table 8.1.4
ESTIMATED HANDLING WEIGHTS

100-TON HI-TRAC

Caution:
The maximum weight supported by the 100-Ton HI-TRAC lifting trunnions cannot exceed
200,000 lbs. Users must take actions to ensure that this limit is not exceeded.

Note:
The weight of the fuel spacers and the damaged fuel container are less than the weight of the
design basis fuel assembly and therefore. not included in the maximum handling weight
calculations. Fuel spacers are determined to be the maximum combination weight of fuel +
spacer. Users should determine the handling weights based on the contents to be loaded and
the expected mode of operations.

Case Load Handling Evolution Weight (Ibs)
No. ._ MIPC-24 MPC-32 MIPC-68

I Loaded HI-TRAC removal from spent fuel pool (neutron tank empty) 192,844 200,942 199,425
2 Loaded HI-TRAC removal from spent fuel pool (neutron tank full) 200,427 208,525 207,008
3 Loaded HI-TRAC During Movement through Hatchway 192,647 200,745 199,901
4 MPC during transfer operations 80,467 88,565 87,721

SA Loaded HI-STORM 100 in storage (See Note 5 to Table 8.1.1) 348,990 357,088 356,244
5B Loaded HI-STORM 100S (232) in storage (See Note 5 to Table 8.1.1) 335,500 343,600 342,700
5C Loaded HI-STORM 100S (243) in storage (See Note 5 to Table 8.1.1) 344,500 352,600 351,700
6 Loaded HI-TRAC and transfer frame during on site handling 196,627 204,725 203,881

Actual component weights are dependant upon as-built dimensions. The values provided herein are estimated.
FSAR analyses use bounding values provided elsewhere. Users are responsible for ensuring lifted loads meet site
capabilities and requirements.
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Table 8.1.5
HI-STORM 100 SYSTEM TORQUE REQUIREMENTS

Fastenert - Torque (ft-lbs) tt Patternttt
HI-TRAC Top Lid Boltst Hand tight None
HII-TRAC Pool Lid Bolts (36 Bolt 58 fl-lbs Figure 8.1.37
Lid)t _ _ _ _ _ _ _ _ _ _ _ _

HI-TRAC Pool Lid Bolts (16 Bolt 110 ft-lbs Figure 8.1.37
L id)t _ _ _ _ _ _ _ _ _ _ _ _ _

100-Ton HI-TRAC Transfer Lid 203 ft-lbs Figure 8.1.37
Boltst ._.,

125-Ton HI-TRAC Transfer Lid 270 ft-lbs Figure 8.1.37
Boltst -_.,_,_._:

MPC Lift Cleats Stud Nutst 793 ft-lbs None
MPC Lift Hole PlugsT Hand tight None
Threaded Fuel Spacers Hand Tight None
HI-STORM Lid Nuts T 100 ft-lbs None
HI-STORM 100S Lid NutsT Hand Tight +1/8 to l/2 turn None
(Temporary and Permanent Lids)
Door Locking Pins Hand Tight + 1/8 to 1/2 turn None
HI-STORM 100 Vent Hand.Tight None
Screen/Temperature Element Screws ._-_.
HI-STORM 1 00A Anchor Studs 55- 65 ksi tension applied by None

bolt tensioner (no initial
.__ .torque)

t Studs and nuts shall be cleaned and inspected for damage or excessive thread wear (replace if necessary)
and coated with a light layer of Fel-Pro Chemical Products, N-5000, Nuclear Grade Lubricant (or
equivalent).

tt Unless specifically specified, torques have a +/-5% tolerance.
ttt No detorquing pattern is needed.
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Table 8.1.6
HI-STORM 100 SYSTEM ANCILLARY EQUIPMENT OPERATIONAL DESCRIPTION

Equipment Important To Safety Reference Description
Classification Figure _

Air Pads/Rollers Not Important To Safety 8.1.29 Used for Il-STORM or I-TRAC cask positioning. May be used in conjunction with the cask
transporter or other Ill-STORM 100 or HI-TRAC lifting device.

Annulus Not Important To Safety 8.1.14 The Annulus Overpressure System is used for protection against spent fuel pool water
Overpressure System contamination of the external MPC shell and baseplate surfaces by providing a slight annulus

overpressure during in-pool operations.
Annulus Shield Not Important To Safety 8.1.13 A shield that is placed at the top of the HI-TRAC annulus to provide supplemental shielding to the

operators performing cask loading and closure operations.
Automated Welding Not Important To Safety 8.1 .2b Used for remote field welding of the MPC.
System
AWS Baseplate Not Important To Safety 8.1 .2b Provides supplemental shielding to the operators during the cask closure operations.
Shield

Bottom Lid Transfer Not Important To Safety 8.1.26 Used to simultaneously replace the pool lid with the transfer lid under the suspended HI-TRAC
Slide (Not used with and MPC. Used in conjunction with the bottom lid transfer step.
HI-TRAC 125D)
Cask Transporter Not Important to Safety unless 8.1.29a and Used for handling of the HI-STORM 100 Overpack and/or the Ill-TRAC Transfer Cask around the

site-specific conditions require 8.1 .29b site. The cask transporter may take the form of heavy haul transfer trailer, special transporter or
transfer cask or overpack handling other equipment specifically designed for such a function.
outside drop analysis basis.

Cool-Down System Not Important To Safety 8.3.4 A closed-loop forced ventilation cooling system used to gas-cool the MPC fuel assemblies down
to a temperature at which water can be introduced without the risk of uncontrolled pressure
transients in the MPC due to flashing or thcmially shocking the fuel assemblies. The cool-down
system is attached between the MPC drain and vent ports. The cool-down system is used only for
unloading operations.

Figures are representative and may not depict all configurations for all users.
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Table 8.1.6
HI-STORM 100 SYSTEM ANCILLARY EQUIPMENT OPERATIONAL DESCRIPTION

(Continued)

(

Equipment Important To Safety Reference Description
Classification Figure _

Lid and empty Not Important To Sarety, Rigging 8.1.9 Used for rigging such components such as the ill-TRAC top lid, pool lid, MPC lid, transfer lid,
component lifting shall be provided in accordance AWS, HI-STORM Lid and auxiliary shielding and the empty MPC.
rigging with NUREG 0612
Helium Backfill Not Important To Safety 8.1.23 Used for controlled insertion of helium into the MPC for leakage testing, blowdown and placement
System into storage.
HI-STORM 100 Not Important To Safety 8.1.36 Jack system used for lifting the HI-STORM overpack to provide clearance for inserting or
Lifting Jacks removing a device for transportation. .
Alignment Device - Not Important To Safety 8.1.31 Guides HI-TRAC into place on top of HI-STORM for MPC transfers. (Not used for Hl-TRAC

125D)
HI-STORM Lifting Determined site-specifically based Not shown. A special lining device used for connecting the crane (or other primary lifting device) to the HI-
Devices 'on type, location, and height of lift STORM 100 for cask handling. Does not include the crane hook (or other primary lifting device)

being peiformed. Lifting devices device.
shall be provided in accordance
with ANSI N14.6:

IlI-STORM Vent Important to Safety Category C . 8.1.30 Used for prevention of radiation streaming from the HI-STORM 100 exit vents during MPC
Duct Shield Inserts transfers to and from Il-STORM. Not used with the HI-STORM IOOS.
HI-TRAC Lid Spacer Spacer Ring is Not-Important-To- Not Shown Optional ancillary which is used during MPC transfer operations to increase the clearance between

Safety, Studs or bolts are I the top of the MPC and the underside of the Il1-TRAC top lid. Longer threaded studs (or bolts),
Important to Safety Category 13 supplied with the lid spacer, replace the standard threaded studs (or bolts) supplied with the HI-

TRAC. The HI-TRAC lid spacer may ONLY be used when the HT-TRAC is handled in the
vertical orientation or if III-TRAC transfer lid is NOT used. The height of the spacer shall be
limited to ensure that the weights and C.G. heights in a loaded 11-TRAC with the spacer do not
exceed the bounding values found in Section 3.2 of the FSAR.

HI-TRAC Lift Determined site-specifically based 8.1.3 Used for connecting the crane (or other primary lifting device) to the HI-TRAC for cask handling.
Yoke/Lifting Links on type and location, and height of Does not include the crane hook (or other primary lifting device).

lift being performed. Lift yoke and
lifting devices for loaded HI-TRAC
handling shall be provided in
accordance with ANSI N14.6.

Figures arc representative and may not depict all configurations for all users.

A,

HI-STORM FSAR
REPORT HI-2002444

Proposed Rev. 2C
8.1-35



Table 8.1.6
HI-STORM 100 SYSTEM ANCILLARY EQUIPMENT OPERATIONAL DESCRIPTION

(Continued)

Equipment Important To Safety Reference Description
Classification Figure

HI-TRAC transfer Not Important To Safety 8.1.4 A stccl fraunc used to support HI-TRAC during delivery, on-sitc movement and
frame upending/downending operations.
Cask Primary Lifting Important to Safety. Quality 8.1.28 and Optional auxiliary (Non-Part 50) cask lifting device(s) used for cask upending and downending
Device (Cask classification of subcomponents 8.1.32 and III-TRAC raising for positioning on top of III-STORM to allow MPC transfer. The device
Transfer Facility) determined site-specifically. may consist of a crane, lifting platform, gantry system or any other suitable device used for such

purpose.
Inflatable Annulus Not Important To Safety 8.1.13 Used to prevent spent fuel pool water from contaminating the external MPC shell and baseplate
Seal surfaces during in-pool operations.
Lid Retention System Important to Safety Status 8.1.15, Optional. The Lid Retention System secures the MPC lid in place during cask handling operations

determined by each licensce. 8.1.17 between the pool and decontamination pad.
MPC lid lifting portions of thc Lid
Retention System shall meet the
requirements of ANSI N 14.6.

MPC Lift Cleats Important To Safcty - Catcgory 8.1.24 MPC lift cleats consist of the cleats and attachment hardware. The cleats are supplied as solid steel
A. MPC Lift Cleats shall be components that contain no weds. The MPC lift cleats are used to secure the MPC inside HI-
provided in accordance with of TRAC during bottom lid replacement and support the MPC during MPC transfer from HI-TRAC
ANSI N 14.6. into II1-STORM and vice versa. The ITS classification of the lifting device attached to the cleats

may be lower than the cleat itself, as detennined site-specifically.
Hydrostatic Test Not Important to Safety 8.1.20 Used to pressure test the MPC lid-to-shell weld.
System
MPC Downloader Important To Safety status 8.1.28 and A lifting device used to help raise and lower the MPC during MPC transfer operations to limit the

determined site-specifically. MPC 8.1.32 lift force of the MPC against the top lid of HI-TRAC. The MPC downloadcr may take several
Downloader Shall meet the forms depending on the location of MPC transfer and may be used in conjunction with other lifting
requiremcnts of CoC, Appendix devices.
B, Section 3.5 .

Figures are representative and may not depict all configurations for all users.
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. . Table 8.1.6
HI-STORM 100 SYSTEM ANCILLARY EQUIPMENT OPERATIONAL DESCRIPTION

(Continued)

C

Equipment Important To Safcty Reference Description
Classification Figure :__

Deleted
Deleted
Mating Device Important-To-Safety- Category B 8.1.31 Used to mate HI-TRAC 125D to HI-STORM during transfer operations. Includes sliding drawer

for use in removing HI-TRAC pool lid.
MPC Support Slings Important To Safety - Category A 8.1.25 Used to secure the MPC to the lift yoke during HI-TRAC bottom lid replacement operations.

- Rigging shall be provided in Attaches between the MPC lift cleats and the lift yoke. Can be configured for different crane hook
accordance with NUREG 0612. configuration.

MPC Upending Not Important to Safety 8.1.6 A steel frame used to evenly support the MPC during upending operations. and control the
Frame . upending process.
Supplemental Nat lmpartant T4 SictyNot 2.CIN A system used to circulate wateror other coolant through the Hl-TRACannulus in order to
Cooling Important to Safety sheyw maintainfuel cladding temperatures below ISG-I1 Rev. 3 limits during operations with the MPC
SystemM4AF) inthe HI-TR.4C. Required onlyfor MPC heat loads above threshold limits defined in Section
(Reli4.5.U'ed for helium lcogc tting of the 1IPC olosiirzwclds.
Dclet d_ _

Deleted
Deleted
Temporary Shield Not Important To Safety 8.1.18 A water-filled tank that fits on the cask neutron shield around the upper forging and provides
Ring supplemental shielding to personnel performing cask loading and closure operations.
Vacuum Drying Not Important To Safety 8.1.22a Used for removal of residual moisture from the MPC following water draining.
(Moisture Removal)
System
Forced Helium Not ImportantTo Safety 8.1.22b Used or removal of residual moisture from the MPC followingwaterdraining.
Dehydration System .
Vent and Drain Not Important To Safety 8.1.16 Used to access the vent and drain ports. The vent and drain RVOAs allow the vent and drain ports
RVOAs to be operated like valves and prevent the need to hot tap into the penetrations during unloading

._ , operation.

Deleted
Weld Removal Not Important To Safety 8.3.2b Semi-automated weld removal system used for removal of the MPC field weld to support
System unloading operations.

tFigures are representative and may not depict all configurations for all users.

s.-_

HI-STORM FSAR
REPORT 111-2002444

Proposed Rev. 2C
8.1-37



I I

Table 8.1.7
HI-STORM 100 SYSTEM INSTRUMENTATION SUMMARY FOR LOADING AND

UNLOADING OPERATIONSt

Instrument Function
Contamination Survey Monitors fixed and non-fixed contamination levels.
Instruments
Dose Rate Monitors/Survey Monitors dose rate and contamination levels and
Equipment ensures proper function of shielding. Ensures

assembly debris is not inadvertently removed from the
spent fuel pool during overpack removal.

Flow Rate Monitor Monitors fluid flow rate during various loading and
unloading operations.

Deleted

Helium Mass Spcctrometff Ensures lealffge rates of wzlds are within aeeeptanee
Lcak Dctcetor (MS LD)Deleted critefia.
Deleted

Volumetric Examination Used to assess the integrity of the MPC lid-to-shell
Testing Rig weld.
Pressure Gauges Ensures correct pressure during loading and unloading

operations.
Temperature Gauges Monitors the state of gas and water temperatures

during closure and unloading operations.
Deleted

Temperature Surface Pyrometer For HI-STORM vent operability testing.

Vacuum Gages Used for vacuum drying operations and to prepare an
MPC evacuated sample bottle for MPC gas sampling
for unloading operations.

Deleted

Deleted

Moisture Monitoring Used to monitor the MPC moisture levels as part of the
Instruments moisture removal system.

t All instruments require calibration. See figures at the end of this section for additional
instruments, controllers and piping diagrams.
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Table 8.1.8
HI-STORM 100 SYSTEM OVERPACK INSPECTION CHECKLIST

Note:
This checklist provides the basis for establishing a site-specific inspection checklist for the HI-
STORM 100 overpack. Specific findings shall be brought to the attention of the appropriate
site organizations for assessment, evaluation and potential corrective action prior to use.

HI-STORM 100 Overnack Lid:
1. Lid studs and nuts shall be inspected for general condition.
2. The painted surfaces shall be inspected for corrosion and chipped, cracked or

blistered paint.
3. All lid surfaces shall be relatively free of dents, scratches, gouges or other

damage.
4. The lid shall be inspected for the presence or availability of studs and nuts and

hole plugs.
5. Lid lifting device/ holes shall be inspected for dirt and debris and thread

condition.
6. Lid bolt holes shall be inspected for general condition.

HI-STORM 100 Main Body:
1. Lid bolt holes shall be inspected for dirt, debris, and thread condition.
2. Vents shall be free from obstructions.
3. Vent screens shall be available, intact, and free of holes and tears in the fabric.
4. The interior cavity shall be free of debris, litter, tools, and equipment.
5. Painted surfaces shall be inspected for corrosion, and chipped, cracked or

blistered paint.
6. The nameplate shall be inspected for presence, legibility, and general condition

and conformance to Quality Assurance records package.
7. Anchor hardware, if used, shall be checked for general condition.
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Table 8.1.9
MPC INSPECTION CHECKLIST

I Note:
This checklist provides the basis for establishing a site-specific inspection checklist for MPC.
Specific findings shall be brought to the attention of the appropriate site organizations for
assessment, evaluation and potential corrective action prior to use.

MPC Lid and Closure Ring:
1. The MPC lid and closure ring surfaces shall be relatively free of dents, gouges or

other shipping damage.
2. The drain line shall be inspected for straightness, thread condition, and blockage.
3. Vent and Drain attachments shall be inspected for availability, thread condition

operability and general condition.
4. Upper fuel spacers (if used) shall be inspected for availability and general

condition. Plugs shall be available for non-used spacer locations.
5. Lower fuel spacers (if used) shall be inspected for availability and general

condition.
6. Drain and vent port cover plates shall be inspected for availability and general

condition.
7. Serial numbers shall be inspected for readability.

MPC Main Body:
1. All visible MPC body surfaces shall be inspected for dents, gouges or other

shipping damage.
2. Fuel cell openings shall be inspected for debris, dents and general condition.
3. Lift lugs shall be inspected for general condition.
4. Verify proper MPC basket type for contents.
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Table 8.1.1 0
HI-TRAC TRANSFER CASK INSPECTION CHECKLIST

Note:
This checklist provides the basis for establishing a site-specific inspection checklist for the HI-
TRAC Transfer Cask. Specific findings shall be brought to the attention of the appropriate site
organizations for assessment, evaluation and potential corrective action prior to use.

HI-TRAC Top Lid:
1. The painted surfaces shall be inspected for corrosion and chipped, cracked or

blistered paint.
2. All Top Lid surfaces shall be relatively free of dents, scratches, gouges or other

damage.

HI-TRAC Main Body:
1. The painted surfaces shall be inspected for corrosion, chipped, cracked or.

blistered paint.
2. The Top Lid bolt holes shall be inspected for dirt, debris and thread damage.
3. The Top Lid lift holes shall be inspected for thread condition.
4. Lifting trunnions shall be inspected for deformation, cracks, end plate damage,

corrosion, excessive galling, damage to the locking plate, presence or availability
of locking plate and end plate retention bolts.

5. Pocket trunnion, if used, recesses shall be inspected for indications of
overstressing (i.e.' cracks, deformation, and excessive wear).

6. Annulus inflatable seal groove shall be inspected for cleanliness, scratches, dents,
gouges, sharp corners, burrs or any other condition that may damage the inflatable
seal.

7. The nameplate shall be inspected for presence and general condition.
8. The neutron shield jacket shall be inspected for leaks.
9. Neutron shield jacket pressure relief valve shall be inspected for presence, and

general condition.
10. The neutron shield jacket fill and drain plugs shall be inspected for presence,

leaks, and general condition.
11. Bottom lid flange surface shall be clean and free of large scratches and gouges.
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II

Table 8.1.10 (Continued)
HI-TRAC OVERPACK INSPECTION CHECKLIST

HI-TRAC Transfer Lid (Not used with IH-TRAC 1 25D):

1. The doors shall be inspected for smooth actuation.
2. The threads shall be inspected for general condition.
3. The bolts shall be inspected for indications of overstressing (i.e., cracks, deformation,

thread damage, excessive wear) and replaced as necessary.
4. Door locking pins shall be inspected for indications of overstressing (i.e., cracks, and

defornation, thread damage, excessive wear) and replaced as necessary.
5. Painted surfaces shall be inspected for corrosion and chipped, cracked or blistered

paint.
6. Lifting holes shall be inspected for thread damage.

HI-TRAC Pool Lid:

1. Seal shall be inspected for cracks, breaks, cuts, excessive wear, flattening, and
general condition.

2. Drain line shall be inspected for blockage and thread condition.
3. The lifting holes shall be inspected for thread damage.
4. The bolts shall be inspected for indications of overstressing (i.e., cracks and

deformation, thread damage, and excessive wear).
5. Painted surfaces shall be inspected for corrosion and chipped, cracked or blistered

paint.
6. Threads shall be inspected for indications of damage.
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8.3 'PROCEDURE FOR UNLOADING THE HI-STORM 100 SYSTEM IN THE SPENT
FUEL POOL

8.3.1 Overview of HI-STORM 100 System Unloading Operations

ALARA Note:
The procedure described below uses the weld removal system to remove the welds necessary
to'enable the MPC lid to be removed. Users may opt to remove some or all of the welds using
hand operated equipment. The decision should be based on dose rates,'accessibility, degree of
weld removal,'and available tooling and equipment.

The HI-STORM 100 System unloading procedures describe the general actions necessary to
prepare the MPC for unloading, cool the stored fuel assemblies in the MPC, flood the MPC
cavity, remove the lid welds, unload the spent fuel assemblies, and recover the HI-TRAC and
empty MPC. \ Special precautions are outlined to ensure personnel safety during the unloading
operations, and to'prevent the risk of MPC over pressurization and thermal shock to the stored
spent fuel assemblies. Figure 8.3.1 shows a flow diagram of the HI-STORM unloading
operations. Figure 8.3.2 illustrates the major HI-STORM unloading operations.

Refer to the boxes of Figure 8.3.2 for the following description. The MPC is recovered from HI-
STORM either at the ISFSI or the fuel building using the same methodologies as described in
Section 8.1 (Box 1). The HI-STORM lid is removed, the vent duct shield inserts areinstalled,
the alignment device (or mating device with pool lid for HI-TRAC 125D) is positioned, and the
MPC lift cleats are attached to the MPC. The exit vent screens and gamma shield cross plates
are removed as necessary. MPC slings are attached to the MPG lift cleat and positioned on the
MPC lid. HI-TRAC is positioned on top of HI-STORM (Box 2) and the slings are brought
'through the HI-TRAC top lid. The MPC is raised into'HI-TRAC, the HI-TRAC doors (or mating
device drawer) are closed and the locking pins are installed. If the mating device' and HI-TRAC
125D are used, the pool lid is bolted to the HI-TRAC. The HI-TRAC is removed from on top of
HI-STORM. If the HI-TRAC 125D is not used, the HI-TRAC is positioned in the transfer slide
and the transfer lid is replaced with the pool lid (Box 3) using the same methodology as with the
loading operations.

If the MPC heat load is greater than threshold limits from Section 4.5, -a Supplemental Cooling
System (SCS) is connected to the HI-TRA C annulus following transferfrom the HI-STORM to the
HI-TRAC and is used to circulate coolant to maintain fuel cladding temperatures below ISG-11
Rev. 3 limits. HI-TRAC and its enclosed MPC are returned to the designated preparation area
and the MPC slings, MPC lift cleats and top lid are removed' (Box 4). The temporary shield ring
is installed on the HI-TRAG upper section and filled with plant demineralized water. The HI-
TRAC top lid is removed and a water flush is performed on the annulus. Water is fed into the
annulus through the drain port and allowed to cool the MPC shell. After a predetermined period
(based on the fuel conditions), cover the annulus and HI-TRAC top surfaces to protect them from
debris produced when removing the MPC lid. The weld removal system is installed (Box 7) and
the MPC vent and drain ports are accessed (Box 5). The vent RVOA is attached to the vent port
and an evacuated sample bottle is connected. The vent port is slightly opened to allow the

l Users with the optional HI-TRAC Lid Spacer shall modify steps in their procedures to install and remove the
spacer together with top lid.
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sample bottle to obtain a gas sample from inside the MPC. A gas sample is performed to assess
the condition of the fuel assembly cladding. A vent line is attached to the vent port and the MPC
is vented to the fuel building ventilation system or spent fuel pool as determined by the site's
radiation protection personnel. The MPC is cooled using the cool-down system to reduce the
MPC internal temperature to allow water flooding (Box 6). The cool-down process gradually
reduces the cladding temperature to a point where the MPC may be flooded with water without
thermally shocking the fuel assemblies or over-pressurizing the MPC from the formation of
steam (Sco Tcchnical Specification LCO 3.1.3). Following the fuel cool-down, the MPC is filled
with water (borated as required) and the supplemental cooling is terminated (if used). The weld
removal system then removes- the MPC lid-to-shell weld. The weld removal system is removed
with the MPC lid left in place (Box 7).

The top surfaces of the HI-TRAC and MPC are cleared of metal shavings. The inflatable
annulus seal is installed and pressurized. The MPC lid is rigged to the lift yoke or lid retention
system and the lift yoke is engaged to HI-TRAC lifting trunnions. If weight limitations require,
the neutron shield jacket is drained of water. HI-TRAC is placed in the spent fuel pool and the
MPC lid is removed (Boxes 8 and 9). All fuel assemblies are returned to the spent fuel storage
racks and the MPC fuel cells are vacuumed to remove any assembly debris and crud (Box 10).
HI-TRAC and MPC are returned to the designated preparation area (Box 11) where the MPC
water is pumped back into the spent fuel pool or liquid radwaste facility. The annulus water is
drained and the MPC and overpack are decontaminated (Box 12 and 13).

8.3.2 HI-STORM Recovery from Storage

-- Note:
The MPC transfer may be performed using the MPC downloader or the overhead crane.

1. Recover the MPC from HI-STORM as follows:

a. If necessary, perform a transport route walkdown to ensure that the cask
transport conditions are met. Sec Tcchnical Spccifications for the on site
lifting requirements.

b. Transfer HI-STORM to the fuel building or site designated location for the
MPC transfer.

c. Position HI-STORM under the lifting device.

d. Remove the HI-STORM lid nuts, washers and studs.

e. Remove the HI-STORM lid lifting hole plugs and install the lid lifting
sling. See Figure 8.1.27.

Note:
' The specific sequence for vent screen, temperature element, and gamma shield cross plate
removal may vary based on the mode(s) or transport.

f. Remove the HI-STORM exit vent screens, temperature elements and
gamma shield cross plates. See Figure 8.1 .34a and b.
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Warning:
Unless the lift is single-failure proof (or equivalent safety factor) for the HI-STORM lid, the
lid shall be kept less than 2 feet above the top surface of the overpack. This is performed to
protect the MPC lid from a potential HI-STORM 100 lid drop.

g. Remove the HI-STORM lid. See Figure 8.1.27.

h. Install the alignment device (or mating device with pool lid for HI-TRAC
125D) and vent duct shield inserts (HI-STORM 100 only). See Figure
8.1.30.

i. Deleted.

j. Remove the MPC lift cleat hole plugs and install the MPC lift cleats and
MPC slings to the MPC lid. See Table 8.1.5 for torque requirements.

k. If necessary, install the top lid on HI-TRAC. See Figure 8.1.9 for rigging.
See Table 8.1.5 for torque requirements.

1. Deleted.

2. If necessary, configure HI-TRAC with the transfer lid (Not required for HI-TRAC
125D):

'ALARA Warning:
The bottom lid replacement as described below may only be performed on an empty'(i.e., no
MPC) HI-TRAC.

a. Position HI-TRAC vertically adjacent to the transfer lid. See Section
8.1.2.

b. Remove the bottom lid bolts and plates and store them temporarily.

c. Raise the empty HI-TRAC and position it on top of the transfer lid.

d. Inspect the pool lid bolts for general condition. Replace worn or damaged
bolts with new bolts.

e. Install the transfer lid bolts. See Table 8.1.5 for torque requirements.

3. At the site's discretion, perform a HI-TRAC receipt inspection and cleanliness inspection
in accordance with a site-specific inspection checklist.

Note:
If the HI-TRAC is expected to be operated in an environment below 32 0F, the water jacket
shall be filled with an ethylene glycol solution (25% ethylene glycol). Otherwise, the jacket
shall be filled with demineralized water'.

4. If previously drained, fill the rieutro 'shield jacket with plant demineralized water or an
ethylene glycol solution (25% ethylene glycol) as necessary. Ensure that the fill and
drain plugs are installed.

5. Engage the lift yoke to the HI-TRAC lifting trunnions.

HI-STORM FSAR Proposed Rev. 2C
REPORT HI-2002444 8.3-3



6. Align HI-TRAC over HI-STORM and mate the overpacks. See Figure 8.1.31.

7. If necessary, install the MPC downloader.

8. Remove the transfer lid (or mating device) locking pins and open the doors (mating
device drawer).

9. At the user's discretion, install trim plates to cover the gap above and below the door
(drawer for 1 25D). The trim plates may be secured using hand clamps or any other
method deemed suitable by the user. See Figure 8.1.33.

10. Attach the ends of the MPC sling to the lifting device or MPC downloader. See Figure
8.1.32.

ALARA Warning:
If trim plates are not used, personnel should remain clear of the immediate door area during
MPC downloading since there may be some radiation streaming during MPC raising and
lowering operations.

Caution:
Limitations for the handling of the loaded MPC in HI-TRAC are evaluated and established on
a canister basis to ensure that acceptable cladding temperatures are not exceeded. Refer to
FSAR Section 4.5 for specific time limits for transporting a loaded MPC in the HI-TRAC
transfer CASK based on MPC heat loads. Use of the Supplemental Cooling System (SCS) is
required to maintain fuel cladding temperatures below limits when MPCs with greater than
threshold limits are transported in the HI-TRAC. Operation of the SCS continues until MPC
cool-down and re-flooding operations have commenced. Staging and check-out of the SCS
shall be completed prior to transferring the MPC to the HI-TRAC to minimize the time
required to begin operations.

11. Raise the MPC into HI-TRAC.

12. Verify the MPC is in the full-up position.

13. Close the HI-TRAC doors (or mating device drawer) and install the door locking pins.

14. For the HI-TRAC 125D, bolt the pool lid to the HI-TRAC. See Table 8.1.5 for torque
requirements.

15. Lower the MPC onto the transfer lid doors (or pool lid for 125D).

16. Disconnect the slings from the MPC lift cleats.

Note:
For the HI-TRA4C 100 and HI-TRAC 125, operation of the SCS may need to be postponed until
the pool lid is in place on the HI-TRA4C In any event supplemental cooling shall begin before
time limits established in Section 4.5 are exceeded.

rvarning:
At the start of SCS operations, the annulus fill water may flash to steam due to high MPC shell
temperatures. Users may select the location and means offilling the annulus. Water addition
should be preformed in a slow and controlled manner until water steam generation has ceased.
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17. If required, attach the SCS to the HI-TRAC annulus and begin circulating coolant. (See
Figure 2. C. 1). Continue operation of the SCS until MPC cool-down and re-flooding
operations have commenced

18. If necessary, remove the MPC downloaderfrom the top of HI-TRA C.

4-&19. Remove HI-TRAC from the top of HI-STORM.

8.3.3 Preparation for Unloading:

1. Replace the transfer peol-lid with the transfer-pool lid as follows (Not required for HI-
TRAC 125D):

a. Lower the lift yoke and attach the MPC slings between the lift cleats and.
the lift yoke. See Figure 8.1.25.

b. Engage the lift yoke to the HI-TRAC lifting trunnions.

c. Deleted.

d. Raise HI-TRAC and pjosition the transfer lid approximately one inch
above the transfer step. See Figure 8.1.26.

e. Raise the transfer slide carriage so the transfer carriage is supporting the
transfer lid bottom. Remove the transfer lid bolts and store them
temporarily.

ALARA Warning:
Clear all personnel away from the inim'ediate operations area. The transfer slide carriage and
jacks are remotely operated. The carriage has fine adjustment features to allow precise
positioning of the lids.

f. Lower the transfer carriage and position the pool lid under HI-TRAC.

g. Raise the transfer slide carriage to place the pool lid against the HI-TRAC
-- bottom lid bolting flange.

h. Inspect the bottom lid bolts for general condition. Replace worn or
damaged bolts with new bolts.

i. Install the pool lid bolts. See Table 8.1.5 for torque requirements.

j. If required, attach the SCS to the HI-TRAC annulus and begin circulating
coolant. (See Figure 2.C.1) Continue operation of the SCS until MPC
cool-down and re-flooding operations have commenced.

- k. Raise and remove the HI-TRA Cfrom the transfer slide.

k-l. Disconnect the MPC slings and lift cleats.

I.m. Deleted.

men. Deleted.

2. Place HI-TRAC in the designated preparation area.

I
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Warning:
Unless the lift is single-failure proof (or equivalent safety factor) the HI-TRAC top lid, the top
lid shall be kept less than 2 feet above the top surface of the MPC. This is performed to protect
the MPC lid from a potential lid drop.

3. Prepare for MPC cool-down as follows:

a. Remove the top lid bolts and remove HI-TRAC top lid. See Figure 8.1.9
for rigging.

Warning:
At the start of annulus filling, the annulus fill water may flash to steam due to high MPC shell
temperatures. Users may select the location and means of performing the annulus flush. Users
may also elect the source of water and method for collecting the water flowing from the
annulus. Water addition should be preformed in a slow and controlled manner until water
steam generation has ceased. Water flush should be performed for a minimum of 33 hours at a
flow rate of 10 GPM or as specified for the particular heat load of the MPC. Annulus filling is
only required ifthe SCS is not used.

b. Ifnecessary, pIerform annulus flush by injecting water into the HI-TRAC
drain port and allowing the water to cool the MPC shell and lid.

4. If necessary, Set the annulus water level to approximately 4 inches below the top of the
MPC shell and install the annulus shield. Cover the annulus and HI-TRAC top surfaces
to protect them from debris produced when removing the MPC lid.

5. Access the MPC as follows:

I

VJ

ALARA Note:
The following procedures describe weld removal using a machine tool head. Other methods
may also be used. The metal shavings may need to be periodically vacuumed.

ALARA Warning:
Weld removal may create an airborne radiation condition. Weld removal must be performed
under the direction of the user's Radiation Protection organization.

a. Install bolt plugs and/or waterproof tape from HI-TRAC top bolt holes.

b. Using the marked locations of the vent and drain ports, core drill the
closure ring and vent and drain port cover plates.

6. Remove the closure ring section and the vent and drain port cover plates.

ALARA Note:
The MPC vent and drain ports are equipped with metal-to-metal seals to minimize leakage and
withstand the long-term effects of temperature and radiation. The vent and drain port design
prevents the need to hot tap into the penetrations during unloading operation and eliminate the
risk of a pressurized release of gas from the MPC.

7. Take an MPC gas sample as follows:
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Note:
Users may select alternate methods of obtaining a gas sample.

a. Attach the RVOAs (See Figure 8.1.16).

b. Attach a sample bottle to the vent port RVOA as shown on Figure 8.3.3.

c. Using the vacuum drying system, evacuated the RVOA and Sample
Bottle.

d. Slowly open the vent port cap using the RVOA and gather a gas sample
from the MPC internal atmosphere.

e. Close the vent port cap and disconnect the sample bottle.

ALARA Note:
The gas sample analysis is performed to determine the condition of the fuel cladding in the
MPC. The gas sample may indicate that fuel with damaged cladding is present in the MPC.
The results of the gas sample test may affect personnel protection and how the gas is processed
during MPC depressurization.

f. Turn the sample bottle over to the site's Radiation Protection or Chemistry
Department for analysis.

g. Remove the drain port cover plate weld and remove the cover plate.

8. Fill the MPC cavity with water as follows:

a. Configure the cool-down system as shown on Figure 8.3.4.

b. Verify that the helium gas pressure regulator is set to the appropriate
pressure.

c. Open the helium gas supply valve to purge the gas lines of air.

d. Deleted.

e. If necessary, slowly open the helium supply valve and increase the Cool-
Down System pressure. Close the helium supply valve.

f. Start the gas coolers.

g. Open the vent and drain port caps using the RVOAs.

h. Start the blower and monitor the gas exit temperature. Continue the fuel
cool-down operations until the gas exit temperature meets the
requirements of th Tzehnial Specification LCO 3.1.3.

Note:
Water filling should commence immediately at the completion of fuel cool-down operations to
prevent fuel assembly heat-up. Prepare the water fill line and the vent line in advance of water
filling.
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i. Prepare the MPC fill and vent lines as shown on Figure 8.1.20. Route the
vent port line several feet below the spent fuel pool surface or to the
radwaste gas facility. Turn off the blower and disconnect the gas lines to
the vent and drain port RVOAs. Attach the vent line to the MPC vent port
and slowly open the vent line valve to depressurize the MPG.

Note:
When unloading MPCs requiring soluble boron, the boron concentration of the water shall be
checked in accordance with LCO 3.3.1 before and during operations with frel and water in the
MPC.

j. Attach the water fill line to the MPG drain port and slowly open the water
supply valve and establish a pressure less than 90 psi (Refer to Tables
2.1.14 and 2.1.16)for boron concentration requirements). Fill the MvPC
until bubbling from the vent line has terminated. Close the water supply
valve on completion.

k If used, cease operation of the SCS and remove the system from the
HI- TRA C.

Caution:

Oxidation of Boral panels and aluminum ceomipenent6-co'ntained in the MPG may create
hydrogen gas while the MPG is filled with water. Appropriate monitoring for combustible gas.
concentrations shall be performed prior to, and during MPC lid cutting operations. it-is-also
r-ecoAM-menfd-ed for. defense in depth that the spaee be lcffv; th ea MP C, lid b e eoxhau s ted p r-ior- to

anddurngMPG lid cutting eper-atiens to provide additienal assureane that explosivc ggas
f"MLUfod Whi tflUt twveu Uiit .tt jA...... I nu'y.paLz Ue1UW £flu mVIU', IlU sWull Ue txrluuaW Uur

purged with inert gas prior to, and during MPC cutting operations to provide additional
assurance that flammable gas concentrations will not develop in this space

k--. Connect a combustible gas monitor to the MPC vent port and check for
combustible gas concentrations prior to and periodically during iveld
removal activities. Purge or evacuate the gas space under the lid as

nece~aryi~eanee~eth~nesfrom the drain and vent por-ts and, if
desir-ed, install an exhaust line to the vent port to evacuate the head spaee.

Pcfcrm eombustible gas moniitering to ensure there is ne eombustible
mixur-e present inte e h u tgases.

km. Remove the MPG lid-to-shell weld using the weld removal system. See
Figure 8.1.9 for rigging.

mman. Vacuum the top surfaces of the MPG and HI-TRAC to remove any metal
shavings.

9. Install the inflatable annulus seal as follows:
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I lo

ICaution:
l Do not use any sharp tools or instruments to install the inflatable seal.

a. Remove the annulus shield.

b. Manually insert the inflatable seal around the MPC. See Figure 8.1.13.

c. Ensure that the seal is uniformly positioned in the annulus area.

d. Inflate the seal

e. Visually inspect the seal to ensure that it is properly seated in the annulus.
Deflate, adjust and inflate the seal as necessary.

10. Place HI-TRAC in the spent fuel pool as follows:

a. If necessary for plant weight limitations, drain the water from the neutron
shield jacket.

b. Engage the lift yoke to HI-TRAC lifting trunnions, remove the MPC lid
lifting hole plugs and attach the MPC lid slings or lid retention system to
the MPC lid.

c. If the lid retention system is used, inspect the lid bolts for general
condition. Replace worn or damaged bolts with new bolts.

d. Install the lid retention system bolts if the lid retention' system is used.

ALARA Note:
The optional Annulus Overpressure System is used to provide further protection against MPC
external shell contamination during in-pool operations.

e. If used, fill the annulus overpressure system lines and reservoir with
demineralized water and close the reservoir valve. Attach the annulus
overpressure system to the HI-TRAC. See Figure 8.1.14.

f. Position HI-TRAC over the cask loading area with the basket aligned to
the orientation of the spent fuel racks.

ALARA Note:
Wetting the components that enter the spent fuel pool may reduce the amount of
decontamination work to be performed later.

g. Wet the surfaces of HI-TRAC and lift yoke with plant demineralized
water while slowly lowering HI-TRAC into the spent fuel pool.

h. When the top of the HI-TRAC reaches the elevation of the reservoir, open
the annulus overpressure system reservoir valve. Maintain the reservoir
water level at approximately 3/4 full the entire time the cask is in the spent
fuel pool.

i. If the lid retention system is'used, remove the lid retention bolts when the
top of HI-TRAC is accessible from the operating floor.
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j. Place HI-TRAC on the floor of the cask loading area and disengage the lift
yoke. Visually verify that the lift yoke is fully disengaged.

k. Apply slight tension to the lift yoke and visually verify proper
disengagement of the lift yoke from the trunnions.

1. Remove the lift yoke, MPC lid and drain line from the pool in accordance
with directions from the site's Radiation Protection personnel. Spray the
equipment with demineralized water as they are removed from the pool.

m. Disconnect the drain line from the MPC lid.

n. Store the MPC lid components in an approved location. Disengage the lift
yoke from MPC lid. Remove any upper fuel spacers using the same
process as was used in the installation.

o. Disconnect the lid retention system if used.

8.3.4 MPC Unloading

1. Remove the spent fuel assemblies from the MPC using applicable site procedures.

2. Vacuum the cells of the MPC to remove any debris or corrosion products.

3. Inspect the open cells for presence of any remaining items. Remove them as appropriate.

8.3.5 Post-Unloading Operations

1. Remove HI-TRAC and the unloaded MPC from the spent fuel pool as follows:

a. Engage the lift yoke to the top trunnions.

b. Apply slight tension to the lift yoke and visually verify proper engagement
of the lift yoke to the trunnions.

c. Raise HI-TRAC until HI-TRAC flange is at the surface of the spent fuel
pool.

ALARA Warning:
Activated debris may have settled on the top face of HI-TRAC during fuel unloading.

d. Measure the dose rates at the top of HI-TRAC in accordance with plant
radiological procedures and flush or wash the top surfaces to remove any
highly-radioactive particles.

e. Raise the top of HI-TRAC and MPC to the level of the spent fuel pool
deck.

f. Close the annulus overpressure system reservoir valve.

g. Using a water pump, lower the water level in the MPC approximately 12
inches to prevent splashing during cask movement.

ALARA Note:
To reduce contamination of HI-TRAC, the surfaces of HI-TRAC and lift yoke should be kept
wet until decontamination can begin.
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h. Remove HI-TRAC from the spent fuel pool while spraying the surfaces
with plant demineralized water.

i. Disconnect the annulus overpressure system from the HI-TRAC via the
quick disconnect.

j. Place HI-TRAC in the designated preparation area.

k. Disengage the lift yoke.

1. Perform decontamination on HI-TRAC and the lift yoke.

2. Carefully decontaminate the area above the inflatable seal. Deflate, remove, and store the
seal in an approved plant storage location.

3. Using a water pump, pump the remaining water in the MPC to the spent fuel pool or
liquid radwaste system.

4. Drain the water in the annulus area by connecting the drain line to the HI-TRAC drain
connector.

5. Remove the MPC from HI-TRAC and decontaminate the MPC as necessary.

6. Decontaminate HI-TRAC.

7. Remove the bolt plugs and/or waterproof tape from HI-TRAC top bolt holes.

8. Return any HI-STORM 100 equipment to storage as necessary.
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9.1 - ACCEPTANCE CRITERIA . ? i

This section provides the workmanship inspections and acceptance tests to be performed on the I1I-
STORM 100 System prior to and during first-loading of the system. These inspections and tests
provide assurance that the HI-STORM 100 System has been fabricated, assembled, inspected, tested,
and accepted for use under the conditions specified in this FSAR and the Certificate of Compliance
issued by the NRC in accordance with the requirements of 10CFR72 [9.0.1].

emonstrte-that thpeop tion of-the 1ll STOR

contained in Appendix A to C. Nowcompg requieeunderd
inspetts shall be corrected or dispositioned to bring-the item into-compliance with this
FSAR-Identification and resolution ofnoncompliances shall be performed in accordance with the
Holtec International Quality Assurance Program as described in Chapter 13 of this FSAR, or the
licensee's NRC-approved Quality Assurance Program.

i

The testing and inspection acceptance criteria applicable to the MPCs, the HI-STORM 100
overpack, and the 100-ton HI-TRAC and 125-ton HI-TRAC transfercasks are listed inTables 9.1.1,
9.1.2, and 9.13, respectively, and discussed in more detail in the sections that follow. Chapters 8
and 12 provide details-on operating guidancepreoedures and the -bases for the Technical
Specifications, respectively. These inspections and tests are intended to demonstrate that the HI-
STORM 100 System has been fabricated, assembled, and examined in accordance with the design
criteria contained in Chapter 2 of this FSAR.

This section summarizes the test program required for the II-STORM 100 System.

9.1.1 Fabrication and Nondestructive Examination (NDE)

The design, fabrication, inspection, and testing of the H-STORM 100 System is performed in
accordance with the applicable codes and standards specified in Tables 2.2.6 and 2.2.7 and on the
Design Drawings. Additional details on specific codes used are provided below.

The following fabrication controls and required inspections shall be performed on the HI-STORM
100 System, including the MPCs, overpacks, and HI-TRAC transfer casks, in order to assure
compliance with this FSAR and the Certificate of Compliance.

I. Materials of construction specified for the HI-STORM 100 System are identified in
the drawings in Chapter 1 and shall be procured with certification and supporting
documentationasrequiredbyASME Code [9.1.1] Section II (when applicable); the
requirements of ASME Section m1H (when applicable); Holtec procurement
specifications; and IOCFR72,- Subpart G. Materials and components shall be receipt
inspected for visual and dimensional acceptability, material conformance to
specification requirements, and traceability markings, as applicable. Controls shall be
in place to assure material traceability is maintained throughout fabrication.
Materials for the confinement boundary (MPC baseplate, lid, closure ring, port cover

HI-STORM FSAR Proposed Rev. 2C
REPORT 11-2002444 9.1-1 ..



plates and shell) shall also be inspected per the requirements of ASME Section m,
Article NB-2500.

2. The MPC confinement boundary shall be fabricated and inspected in accordance
with ASME Code, Section m, Subsection NB, with exceptions-alternatives as noted
below.' The: MPC basket and basket supports shall be fabricated and inspected in
accordance with ASME Code, Section m, Subsection NG, with exceptions
alternatives as noted below. Metal components ofthe I-TRAC transfer cask and the
rH-STORM overpack, as applicable, shall be fabricated and inspected in accordance
with ASME Code, Section m, Subsection NF, Class 3 orAWS DI.1, as shown on
the design drawings, with exceptions-alternatives as noted below.

NOTE: Exceptions-NRC-approved alternatives- to these Code
requirements 'are proifded-discussed in FSAR Section
2.24.Chapte 2-d Tab 3 1 of Appendix B to CoC 72

- ~10141.

3. ASME Code welding shall be performed using welders and weld procedures that
have been qualified in accordance with ASME Code Section IX and the applicable
ASME Section m Subsections (e.g., NB, NG, or NF, as applicable to the SSC).
AWS code welding may be performed using welders and weld procedures that have
been qualified in accordance with applicable AWS requirements or in accordance
with ASME Code Section aX

4. Welds shall be visually examined in accordance with ASME. Code, Section V,
Article 9 with acceptance criteria per ASME Code, Section m, Subsection NF,
Article NF-5360, except the MPC fuel basket cell plate-to-cell plate welds and fuel
basket support-to-canister welds which shall have acceptance criteria to ASME Code
Section m, Subsection NG, Article NG-5360, (as modified by the design drawings).
Table 9.1.4 identifies additional nondestructive examination (NDE) requirements to
be performed on specific welds, and the applicable codes and acceptance criteria to
be used in order to meet the inspection requirements of the applicable ASME Code,
Section m. Acceptance criteria for NDE shall be in accordance with the applicable
Code for which the item was fabricated. These additional NDE criteria are also
specified on the design drawings for the specific welds. Weld inspections shall be
detailed in a weld inspection plan which shall identify the weld and the examination
requirements, the sequence of examination, and the acceptance criteria. The
inspection plan shall be reviewed and approved by Holtec in accordance with its QA
program.o NDE- inspections shall be performed in accordance with written and
approved procedures by personnel qualified in accordance with SNT-TC-IA [9.12]
or other site-specific, NRC-approved program for personnel qualification.
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5. Machined surfaces ofthe metal components ofthe HI-STORM 100 System shall be
visually examined in accordance with ASME Section V, Article 9, to verify they are
free of cracks and pin holes.,

6. ASME Code welds requiring weld repair shall be repaired in accordance with the
-- requirements of the ASME Code, Section m, Article NB-4450, NG-4450, or NF-

4450, as applicable to the SSC, and examined after repair in the same manner as the
original weld.

7. Base metal repairs shall be performed and examined in accordance with the
applicable fabrication Code.

8. Grinding and machining operations on the MPC confinement boundary shall be
controlled through written and approved procedures and quality assurance oversight
to ensure grinding and machining operations do not reduce base metal wall
thicknesses of the confinement boundary beyond that allowed per the design
drawings. The thicknesses of base metals shall be ultrasonically tested, as necessary,
in accordance with written and approved procedures to verify base metal thickness
meets Design Drawing requirements. A nonconformance shall be written for areas
found to be below allowable base metal thickness and shall be evaluated and repaired
per the applicable ASME Code, Subsection NB requirements.

9. Dimensional inspections of the HI-STORM 100 System shall be performed in
accordance with written and approved procedures in order to verify compliance to
design drawings and fit-up of individual components. All dimensional inspections
and functional fit-up tests shall be documented.

10. Required inspections shall be documented. The inspection documentation shall
become part of the final quality documentation package.

11. The HI-STORM 100 System shall be inspected for cleanliness and proper packaging
for shipping in accordance with written and approved procedures.

12. Each cask shall be durably marked with the appropriate model number, a unique
identification number, and its empty weight per I OCFR72.236(k) at the completion
of the acceptance test program.
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13. A documentation package shall be prepared and maintained during fabrication of
each HI-STORM 100 System to include detailed records, and evidence that the
required inspections and tests have been performed. The completed documentation
package shall be reviewed to verify that the III-STORM 100 System or component
has been properly fabricated and inspected in accordance with the design and Code
construction requirements. The documentation package shall include, but not be
limited to:'

* Completed Shop Weld Records
* Inspection Records
* Nonconformance Reports
* Material Test Reports
* NDE Reports
* Dimensional Inspection Report

9.1.1.1 MPC Lid-to-Shell Weld Volumetric Inspection

1. The MPC lid-to-shell (LTS) weld shall be volumetrically or multi-layer liquid
penetrant (PT) examined following completion of welding. If volumetric
examination is used, the ultrasonic testing (UT) method shall be employed.
Ultrasonic techniques (including, as appropriate, Time-of-Flight Diffraction,
Focussed Phased Array, and conventional pulse-echo) shall be supplemented, as
necessary, to ensure substantially complete coverage of the examination volume.

2. If volumetric examination is used, then a PT examination of the root and final pass of
the LTS weld shall also be performed and unacceptable indications shall be
documented, repaired and re-examined.

3. If volumetric examination is not used, a multi-layer PT examination shall be
employed. The multi-layer PT must, at a minimum, include the root and final weld
layers and one intermediate PT after each approximately 3/8 inch weld depth has
been completed. The 3/8 inch weld depth corresponds to the maximum allowable
flaw size determined in Holtec Position Paper DS-213 [9.1.6].

4. It is recognized that welding of the LTS weld may result in indications in the root
pass that are not detected by the root pass PT. The overall minimum thickness of the
LTS weld has been increased by 0.125 inch such that it is not necessary to take
structural credit for the root pass of the weld (actual weld to be a minimum of 0.75
inch). A 0.625-inch J-groove weld was assumed in structural analyses in Chapter 3.

5. For either UT or PT, the maximum detectable flaw size must be demonstrated to be
less than the critical flaw size. The critical flaw size must be determined in
accordance with ASME Section XI methods. The critical flaw size shall not cause
the primary stress limits ofNB-3000 to be exceeded. The inspection processresulls,
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including relevant findings (indications) shal be made a permanent part of the cask
user's records by video, photographic, -or other means which provide an equivalent
retrievable record of weld integrity: The video or photographic records should be-
taken during the final interpretation period described in ASME Section V, Article 6,
T-676. The inspection of the weld shall be performed by qualified personnel and
shall meet the acceptance requirements of ASME Section m, NB-5350 for PT and
NB-5332 for UT.

6. Evaluation of any indications shall include consideration of any active flaw
mechanisms. However, cyclic loading on the LTS weld is not significant, so fatigue
is not a factor. The LTS weld is protected from the external environment by the
closure ring and the root of the LTS weld is dry and inert (He atmosphere), so stress
corrosion cracking is not a concern for the LTS weld.

7. The volumetric ormulti-layerPT examination of the LTS weld, in conjunction with
other examinations and tests performed on this weld (PT of root and final layer, and
hydrestatiepressure test),, nd a e agetest the use of ASME Section m
acceptance criteria, and the additional weld material added to account for potential
defects in the root pass of the weld, in total, provide reasonable assurance that the
LTS weld is sound and will perform its design function under all loading conditions.
The volumetric (or multi-layer PT) examination and evaluation of indications

provides reasonable assurance that leakage ofthe weld or structural failure under the
design basis normal, off-normal, and accident loading conditions will not occur.

9.1.2- Structural and Pressure Tests --

9.1.2.1 Lifting Trunnions

Two trunnions (located near the top of the HI-TRAC transfer cask) are provided for vertical lifting
and handling. The trunnions are designed in accordance with ANSI N14.6 [9.13] using a high-
strength and high-ductility material (see Chapter 1). The trunnions contain no welded components.
The maximum design lifting load of 250,000 pounds for the HI-TRAC 125 and HI-TRAC 1 25D and
200,000 pounds for the H-TRAC 100 will occur during the removal of the HI-TRAC from the spent
fuel pool after the MPC has been loaded, flooded with water, and the MPC lid is installed. The high-
material ductility, absence of materials vulnerable to brittle fracture, large stress margins, and a
carefully engineered design to eliminate local stress risers in the highly-stressed regions (during the
lift operations) ensure that the lifting trunnions will work reliably. However, pursuant to the defense-
in-depth approach ofNUREG-0612 [9.1.4], the acceptance criteria for the lifing trunnions must be
established in conjunction with other considerations applicable to heavy load handling.
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Section5 ofNUREG-0612 calls for measures to "provide an adequate defense-in-depth forhandling
of heavy loads...". The NUREG-0612 guidelines cite four major causes of load handling accidents,
of which rigging failure (including trunnion fiailure) is one:

i. operator errors
ii. rigging fhilure.
iii. lack of adequate inspection
iv. inadequate procedures

The cask loading and handling operations program shall ensure maximum emphasis to mitigate the
potential load drop accidents by implementing measures to eliminate shortcomings in all aspects of
the operation including the four aforementioned areas.

In order to ensure that the lifting trunnions do not have any hidden material flaws, the trunnions shall
be tested at 300% of the maximum design (service) lifting load. The load (750,000 lbs for the ffI-
TRAC 125 and HI-TRAC 125D and 600,000 lbs for the Ill-TRAC 100) shall be applied for a
minimum of 10 minutes. The accessible parts of the trunnions (areas outside the HI-TRAC cask),
and the adjacent H-TRAC cask trunnion attachment area shall then be visually examined to verify
no deformation, distortion, or cracking occurrd. Any evidence of deformation, distortion or
cracking of the trunnion or adjacent HI-TRAC cask trunnion attachment areas shall require
replacement of the trunnion and/or repair of the HI-TRAC cask. Following any replacements and/or
repair, the load testing shall be performed and the components reexamined in accordance with the
original procedure and acceptance criteria. Testing shall be performed in accordance with written
and approved procedures. Certified material test reports verifying trunnion material mechanical
properties meet ASME Code Section II requirements will provide further verification of the thunnion
load capabilities. Test results shall be documented. The documentation shall become part of the final
quality documentation package.

The acceptance testing of the trunnions in the manner described above will provide adequate
assurance against handling accidents.

9.1.2.2 Hydrestatic-Pressure Testin'

9.1.2.2.1 HI-TRAC Transfer Cask Water Jacket

The 125-ton (including HI-TRAC 125 and HI-TRAC 125D) and 100-ton HI-TRAC transfer cask
water'jackets shall be hydrostatically tested to 75 psig +3,-0 psig, and 71 psig +3, -0 psig,
respectively, in accordance with written and approved procedures. The waterjacket fill port will be
used for filling the cavity with water and the vent port for venting the cavity. The approved test
procedure shall clearly define the test equipment arrangement.

The hydrostatic test shall be performed after the water jacket has been welded together. The test
pressure gage installed on the waterjacket shall have an upper limit of approximately twice that of
the test pressure. The hydrostatic test pressure shall be maintained for ten minutes. During this time
period, the pressure gage shall not fall below the applicable minimum test pressure. At the end often
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minutes, and while the pressure is being maintained at the minimum pressure, weld joints shall be
visually examined for leakage. If a leak is discovered, the cavity shall be emptied and an
examination to determine the cause of the leakage shall be made. Repairs and retest shall be
performed until the hydrostatic test criteria are met ,

After completion of the hydrostatic testing, the water jacket exterior surfaces shall be visually
examined for cracking or deformation. Evidence of cracking or deformation shall be cause for
rejection, or repair and retest, as applicable. Liquid penetrant (PIT) or magnetic particle (MIT)
examination of accessible welds shall be performed in accordance with ASMIE Code, Section V,
Articles 6 and 7, respectively, with acceptance criteria per ASME Code, Section M, Subsection NF,
Articles NF-5350 and NF-5340, respectively. Unacceptable areas shall require repair and re-
examination per the applicable ASME Code. The HI-TRAC water jacket hydrostatic test shall be
repeated until all examinations are found to be acceptable.

If a hydrostatic retest is required and fails, a nonconformance report shall be issued and a root cause
evaluation and appropriate corrective actions taken before further repairs and retests are performed.

Test results shall :be documented. The documentation shall become part of the final quality
documentation package.

9.1.2.22 MPC Confinement Boundary

Hydrestatie-Pressure testing (hydrostatic orpneumatic) oftheMPC confinementboundary shall be
performed in accordance with the requirements of the ASME Code Section m, Subsection NB,
Article NB-6000 and applicable sub-articles, when field welding of the MPC lid-to-shell weld is
completed. If hydrostatic testing is used, the MPC shall be pressure tested to 125% of design
pressure. Ifpneumatic testing is used, theMPCshall bepressure tested to 120% ofdesignpressure.
The hydrostaticpressure4_r-the test is 125 +5, 0 psig, which-is l5% oftthdesign prssre of 1 00
psig-The MPC vent and drain ports will be used for pressurizing the MPC cavity. The loading
procedures in FSAR Chapter 8 define the test equipment arrangement. The calibrated test pressure
gage installed on the MPC confinement boundary shall have an upper limit of approximately twice
that of the test pressure. Following completion of the 44-minuterequired hold period at the
hydrostatic test pressure, and- ile-maintainingAmiinimum-test-pressure-of425-psig the surface of
the MPC lid-to-shell weld shall be visually-exmined-or-leakage-an en re-examined by liquid
penetrant examination in accordance with ASME Code; Section m, Subsection NB, Article NB-
5350 acceptance criteria. Any evidence of cracking or deformation shall be cause for rejection, or
repair and retest, as applicable. The performance and sequence of the test is described in FSAR-
Section 8.1 (loading procedures).

If a leak is discovered, the test pressure shall be reduced, the MPC cavity water level lowered,-if
applicable, the MPC cavity vented, and the weld shall be examined to determine the cause of the
leakage and/or cracking. Repairs to the weld shall be performed in accordance with written and
approved procedures prepared in accordance with the ASME Code, Section HI, Article NB-
4450.Subseeuon NB, NB 4et50.
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The MPC confinement boundary hydrestatiepressure test shall be repeated until al al X -V
penetrntrequired examinations are- found to be 'acceptable.-in'accordane- with-theacceptance
mfteriae Test results shall be documented and maintained as part of the loaded MPC quality
documentation package.

9.1.2.3 Materials Testing

The majority of materials used in the HI-TRAC transfer cask and a portion of the material in the HI-
STORM overpack are ferritic steels. ASME Code, Section II and Section Iml require that certain
materials be tested in order to assure that these materials are not subject to brittle fracture failures.

Materials of the HI-TRAC transfer cask and HI-STORM overpack, as required, shall be Charpy V-
notch tested in accordance with ASME Section IIA and/or ASME Section m, Subsection NF,
Articles NF-2300, and NF-2430. The materials to be tested include the components identified in
Table 3.1.18 and applicable weld materials. Table 3.1.18 provides the test temperatures and test
acceptance criteria to be used when performing the material testing specified above.

The concrete utilized in the construction of the HR-STORM overpack shall be mixed, poured, and
tested as described in FSAR Appendix 11.D in accordance with written and approved procedures.
Testing shall verify the composition, compressive strength, and density meet design requirements.

Concrete testing shall be performed for each lot ofconcrete. Concrete testing shall comply with ACI
349, as described in Table I.D.2.' Test specimens shall be in accordance with ASTM C39. V

Test results shall be documented and become part of the final quality documentation package.

9.13 Leakage Testing

Leakage testing shall be performed in accordance with the requirements of ANSI N14.5 [9.1.5].
Testing shall be performed in accordance with written and approved procedures.

At completion of welding the MPC shell to the baseplate, an MPC confinement boundary weld
helium leakage test shall be performed using a helium mass spectrometer leak detector (MSLD). A
temporary test closure lid is used in order to provide a sealed MPC.. The'confinement boundary
welds shall have indicated helium leakage rates less than or equal to'5xlO atm cm3/s (helium). If a
leakage rate exceeding the acceptance criterion is detected, then the area of leakage shall be
determined and the area repaired per ASME Code Section m, Subsection NB, Article NB-4450
requirements. Re-testing shall be performed until the leakage rate acceptance criteria is met.

If failure of the leakage rate retest occurs after initial repairs are completed, a nonconformance
report shall be issued, and a root cause evaluation and appropriate corrective actions taken before
further repairs and retest are performed.

Leakage testing of the field-welded MPC lid-to-shell weld, vent and drain port cover plate welds,
and closure ring welds is not required. shall-be-performed-fbllwing-the-sucessfikompletion-of
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Leak testing results for the MPC shall be documented and shall become part of the quality record
documentation package.

9.1.4 Component Tests

9.1.4.1 Valves. Rupture Discs, and Fluid Transport Devices

There are no fluid transport devices or rupture discs associated with the HI-STORM 100 System.
The only valve-like components in the HI-STORM 100 System are the specially designed caps
installed in the MPC lid forthe drain and ventports. These caps are recessed inside thevPC lid and
covered by the fully-welded vent and drain port cover plates. No credit is taken for the caps' ability
to confine helium or radioactivity. After completion of drying and backfill operations, the drain and
vent port cover plates are welded in place on the MPC lid and are leak-testedliquidpenetrant
examined to verifr the MPC confinement boundary.

There are two pressure relief valves installed in the upper ledge surface of the HI-TRAC transfer
cask water jacket. These pressure relief valves are is-provided for venting of the neutron shield |
jacket fluid under hypothetical fire accident conditions in which the design pressure of the water
jacket may be exceeded. The pressure relief valves shall relieve at 60 psig and 65 psig.

9.1.42 Seals and Gaskets

There are no confinement seals or gaskets included in the HI-STORM 100 System.

9.1.5 Shielding Integrity

The HI-STORM overpack and MPC have two designed shields for neutron and gamma ray
attenuation. The HI-STORM overpack concrete provides both neutron and gamma shielding.
Additional neutron shielding is provided by the encased Boratneutron absorber attached to the fuel
basket cell surfaces inside the MPCs. The overpack's inner and outer steel shells, and the steel shield
shellt provide radial gamma shielding. Concrete and steel plates provide axial neutron and gamma
shielding. A concrete ring attached to the top of the overpack lid provides additional gamma and
neutron shielding in the axial direction. Steel gamma shield cross plates, installed in the overpack
air inlet and outlet vents, provide additional shielding for radiation through the vent openings.

t The shield shell design feature was deleted in June, 2001 after overpack serial number 7 was fabricated. Those
overpacks without the shield shell are required to have a higher concrete density in the overpack body to provide
compensatory shielding. See Table I .D.1.
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K)1_
The HI-TRAC transfer'cask uses three different materials for primary shielding. AU three HI-TRAC
transfer cask designs include a radial steel-lead-steel shield and a steel-lead-steel pool lid design.
The'top lid in the HI-TRAC 125 and HI-TRAC 125D designs includes Holtite neutron shielding
inside a steel enclosure. The HI-TRAC 100 top lid includes only steel shielding. The HI-TRAC 125
transfer lid includes steel, lead, and Holtite, while the HI-TRAC 100 includes only steel and lead.
The HI-TRAC 125D design does not include atransfer lid. The waterjacket; included in all transfer
cask designs, provides radial neutron shielding. Testing requirements for the shielding items are
described below.

9.1.5.1 Fabrication Testing and Control

Holtite-A:

Neutron shield properties of Holtite-A are provided in Chapter 1, Section 1.2.1.3.2. Each
manufactured lot of neutron shield material shal be tested to verify the material composition
(aluminum and hydrogen), boron concentration and neutron shield density (or specific gravity) meet
the requirements specified in Chapter 1 and the Bill-of-Material. A manufactured lot is defined as
the total amount of material used to make any number of mixed batches comprised of constituent
ingredients from the same lotlbatch identification numbers supplied by the constituent manufacturer.
Testing shall be performed in accordance with written and approved procedures and/or standards.
Material composition, boron concentration and density (or specific gravity) data for each
manufactured lot of neutron shield material shall become part of the quality documentation package.

The installation of the neutron shielding material shall be performed in accordance with written and
qualified procedures. The procedures shall ensure that mix ratios and mixing methods are controlled
in order to achieve proper material composition, boron concentration and distribution, and that pours
are controlled in order to prevent gaps from occurring in the material. Samples of each manufactured
lot of neutron shield material shall be maintained by Holtec International as part of the quality record
documentation package.

Concrete:

The dimensions of the HI-STORM overpack steel shells and the density of the concrete shal be
verified to be in accordance with FSAR Appendix L.D and the design drawings prior to concrete
installation. The dimensional inspection and density measurements shall be documented. Also, see
Subsection 9.1.2.3 for concrete material testing requirements.

Lead:

The installation of the lead in the lI-TRAC transfer cask shall be performed using written and
qualified procedures in order to ensure voids are minimized. Stand pipes or similar devices (as
applicable) shall be placed on the upper portion of the cask to ensure the presence of an excess head
of liquid lead. Vent risers shall be provided to allow for the air to escape. The HI-TRAC cask
components shall be uniformly preheated prior to a lead pour. The temperature of the lead shall be
verified to be in the correct temperature range and the lead shall be poured or pumped into place in
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the annulus (as applicable). The lead pour shall be followed by a controlled cooldown to minimize
the gap between the lead and steel shells. The lead shall be cooled from the bottom up and additional
molten lead shall be added to the standpipes as necessary to account for lead shrinkage. Each lot of
lead shall be tested for chemical composition.

As an alternative to pouring molten lead, the M-TRAC lead shielding may be installed as pre-cast
sections. If pre-cast sections are used, the design of the sections and the installations instructions
shall minimize the gaps between adjacent lead sections and between the lead and the transfer cask
walls to the extent practicable.

Steel:

Steel plates utilized in the construction of the HI-STORM 100 System shall be dimensionally
inspected to assure compliance with the requirements specified on the Design Drawings.

General Requirements for Shield Materials:

1. Test results shall be documented and become part of the quality documentation
package. '

2. 'Dimensional inspections of the cavities containing the shielding materials shall
assure that the design required amount of shielding material is being incorporated
into the fabricated item.

Shielding effectiveness tests shall be performed during fabrication and again after initial loading
operations in accordance with Section 9.1.5.2 below and the operating procedures in Chapter 8.

9.1.5.2 Shielding Effectiveness Tests

The effectiveness of the lead pours in the Ifl-TRAC transfer cask body shall be verified during
fabrication by performing gamma scanning on all accessible surfaces of the cask in the lead pour
region. The gamma scanning may be performed prior to, or after installation of the waterjacket.
The purpose of the gamma scanning test is to demonstrate that the gamma shielding of the transfer
cask body is at least as effective as that of a lead and steel test block. For the test block, the steel
thickness shall be equivalent to the -minimum design thickness of steel in the transfer, cask
component and the lead thickness shall be 5 percent lower than the minimum design thickness of
lead in the transfer cask component (see the Design Drawings for the design values). Data shall be
recorded on a 6-inch by 6-inch (nominal) grid pattern over the surfaces to be scanned. Should the
measured gamma dose rates exceed those established with the test block, the shielding of that
transfer cask component shall be deemed unacceptable. Corrective actions should be taken, if-
practicable, and the testing re-performed until successful results are achieved. If physical corrective
actions are not practicable, the degraded condition may be dispositioned with a written evaluation in
accordance with applicable procedures to determine the acceptability ofthe transfer cask for service.
Gamma scanning shall be performed in accordance with written and approved procedures. Dose rate
measurements shall be documented and shall become part of the quality documentation package.

rn-STORM FSAR Proposed Rev. 2C
REPORT HI-2002444 9.1-11



The effectiveness of the lead plates in the HIT-TRAC pool lid (all transfer cask designs) and transfer
lid (HI-TRAC 125 and 100 only) shall be verified during fabrication by performing a UT test of the
lead plates. The UT testing will take place before the installation of the plates. The UT- testing
ensures that the plates are uniform internally. This is an accepted industry procedure for locating
voids within the lead plate in order to verify the shielding effectiveness of the plate.

Following the first fuel loading of each HI-STORM 100 System (CI-TRAC transfer cask and IH-
STORM storage overpack), a shielding effectiveness test shall be performed at the loading facility
site to verify the effectiveness of the radiation shield. This test shall be performed after the HI-
STORM overpack and HI-TRAC transfer cask have been loaded with an MPC containing spent fuel
assemblies and the MPC has been drained, moisture removed, and backfllled with helium.

Operational neutron and gamma shielding effectiveness tests shall be performed after fuel loading
using written and approved procedures. Calibrated neutron and gamma dose rate meters shall be
used to measure the actual neutron and gamma dose rates at the surface of the HI-STORM overpack
and IH-TRAC. Measurements shall be taken at the locations specified in the _
inAppendixAtoCeoG 72 1014and-if eessaryqaveragedoserates-GomputedRadiation Protection
Program for comparison against the prescribed limits. Theesults-ot-he-dose-rate-measurements
shall-be ompared-to-the-imitsspecified-nhte--technical-speeifications.The test is considered
acceptable if the dose rate readings are less than or equal to the calculated limits.-in thetechnical
specifications. If dose rates are higher than the limits, the required actions provided in the technical
speoificationsRadiation Protection Program shall be completed. Dose rate measurements shall be
documented and shall become part of the quality documentation package.

NOTE

Section 9.1.5.3 below (including Subsections 9.1.5.3.1 through 9.1.5.3.3) is incorporated into the
HI-STORM 100 CoC by reference (CoC.Appendix B, Section 3.2.8) and may not be deleted or
altered in any way without prior NRC approval via CoC amendment. The text of this section is,
therefore, shown in bold type to distinguish it from other text.

9.15.3 Neutron Absorber Tests

Each plate of Boral-neutron absorber shall be visually inspected by-the-manufacturer-for-
damage such as (eg,-scratches, cracks, burrs, and-peeled cladding,3)and foreign material
embedded in the surfaces,'-additiowitheMP-fiabncatoi-shall-visualy-inspect-he-Boral
plates-on-alot-sampling-basis.-The-sumple-size-shalibe-determinedin-acordance-withMl-'
ST-15D-orFequivalent--The-seleeted-neutronabsorberBoral-plates-shall-be4nspeetedfor
damage-such-as-inc~usions,-cracks; voids, delamination, and surface finish, as applicable.
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9.1 .5.31 Boral (75% Credit) -

After manufacturing, a statistical sample of each lot of neutron absorberBoral shall be tested
using wet chemistry and/or neutron attenuation testing techniques to verify a minimum "B
content (areal density)-at in samples taken from the ends of the panel. -The minimum "B
loading of the neutron absorberBorel panels for each MPC model is provided in Table 2.1.15.
Any panel in which "B loading is less than the minimum allowed shall be rejected. Testing
shall be performed using written and approved procedures. Results shall be documented and
become part of the cask quality records documentation package.

9.1.5.3.2 METAIMCe (90% Credit)

NUREG/CR-5661 identifies the main reason for apenalty in the neutron absorberB-i0 density as
the potential of neutron streaming due to non-uniformities in the neutron absorber, and
recommends comprehensive acceptance tests to verify the presence and uniformity ofthe neutron
absorber for credits more than 75%. Since a 90% credit is taken for METACMIC, the following
criteria must be sadisfied:

a Theboron carbidepowderused in themanufacturingofMETAMeICmusthavesmailparficle
sizes to predude neutron streaming

• The '5B areal density must comply with the limits of Table 2.1.15.

The B4C powder must be uniformly dispersed locally, Le. must not show any particle
agglomeration. This precludes neutron streaming.

* The B4Cpowder must be uniformly dispersed macroscopically, Le. must have a consistent
concentration throughout the entire neutron absorber paneL

* The maximum BCcontentin METAMWC shaflbe less than orequalto 33.0 weightpercent.

To ensure that the above requirements are met thefolbowing tests shall be performed:

* All lots of boron carbidepowderare analyzed to meet particlesize distribution requirements.

The following qualification testing shall be performed on the first production run of
METAMI Cpanels fortheMPCs in orderto validate the acceptabilityand consistency ofthe
manufacturing process and verify the acceptability of the METAMWC& panels for neutron.-
absorbing capabilities: -

1) The boron carbide powder weightpercent shall be verified by testing a sample from forty
different mixed batches. (A mixed batch is defined as a single mixture of aluminum
powder and boron carbide powder useid to make one or more billets. Each billet will
produce several panels.) The samples shall be drawn from the mixing containers after
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mixing operations have been completed. Testing shall be performed using the wet
chemistry method.

2) The "B areal density shall be verified by testing a sample from one panelfrom each of
forty different mixed batches. The samples shall be drawn from areas contiguous to the
manufacturedpanels of META MIC' and shall be tested using the wet chemistrymethod.
Alternatively, or in addition to the wet chemistry tests, neutron attenuation tests on the
samples may be performed to quantify the actual "'B areal density.

3) To verify the local uniformity of the boron particle dispersal, neutron attenuation
measurements ofrandom test coupons shall be perform'ed. These test coupons may come
from the production run or from pre-production trial runs.

4) To verify the macroscopic uniformity of the boron particle distribution, test samples
shall be taken from the sides of one panel from five different mixed batches before the
panels are cut to theirfinal sizes. The sample locations shall be chosen to be
representative of the finalproduct. Wet chemistry or neutron attenuation shall be
performed on each of the samples.

* Duringproduction runs, testing of mixed batches shall be performed on a statistical basis to
verify the correct boron carbide weight percent is being mixed,

* During production runs, samples from random METAMICO panels taken from areas
contiguous to the manufactured panels shall be tested via wet chemistry to verify the °B areal
density. This test shall beperformed to verify the continued acceptability of the manufacturing
process.

The measurements ofB4C particle size,'°B isotopic assay, uniformity ofB4C distribution and "'B
areal density shall be made using written and approvedprocedures. Results shall be documented.

9.1.5.3.3 Installation of the Neutron Absorber Panels

Installation of neutron absorberBoral panels into the fuel basket shall be performed in
accordance with written and approved instructions. Travelers and quality control procedures
shall be in place to assure each required cell wall of the MPC basket contains a neutron
absorberBoral panel in accordance with the drawings in Chapter 1. These quality control
processes, in conjunction with Boratin-process manufacturing testing, provide the necessary
assurances that the neutron absorberBoral will perform its intended function. No additional
testing or in-service monitoring of the neutron absorber material Boral-will be required.

9.1.6 Thermal Acceptance Tests

The thermal performance of the En-STORM 100 System, including the MPCs and HI-TRAC
transfer casks, is demonstrated through analysis in Chapter4 of the FSAR. Dimensional inspections
to verify the item has been fabricated to the dimensions provided in the drawings shall be performed
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prior to system loading. Following the loading and placement on the storage pad of the first HIT-
STORM System placed in service, the operability of the natural convective cooling of the 111-
STORM 100 System shall be verified by the performance of an air temperature rise test. A
description of the test is described in FSAR Chapter 8.

In addition, the technical specifications require periodic surveillance of the overpack air inlet and
outlet vents or, optionally, implementation of an overpack air temperature monitoring program to
provide continued assurance of the operability of the HI-STORM 100 heat removal system.

9.1.7 Cask Identification

Each MPC, HI-STORM overpack, and HIT-TRAC transfer cask shall be marked with a model
number, identification number (to provide traceability back to documentation), and the empty weight
of the item in accordance with the marking requirements specified in the Design Drawings in
Chapter 1.
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Table 9.1.1
MPC INSPECTION AND TEST ACCEPTANCE CRITERIA

Function Fabrication Pre-operation Maintenance and Operations
Visual Inspection and a) Examination of MPC components per ASME a) The MPC shall be visually a) None.
Nondestructive Codc Section m, Subsections NB and NG, as inspected prior to
Examination (NDE) defined on design drawings, per N13-5300 and placement in service at the

NG-5300, as applicable, licensees facility.

b) A dimensional inspection of the internal basket b) MPC protection at the
asscmbly and canister shall be performed to liUcnsee's facility shall be
verify compliance with design requirements. verified.

C) A dimensional inspection of the MPC lid and
MPC closure ring shall be performed prior to c) MPC cleanliness and
inserting into the canister shell to verify exclusion of foreign
compliance with design requirements. material shall be verified

prior to placing in the spent
d) NDH of wcldmcnts are defined on the design fuel pool.

drawings using standard American Welding
Society NDE symbols and/or notations.

c) Cleanlincss of the MPC shall be verified upon
completion of fabrication.

f) The packaging of the MPC at the completion of
fabrication shall be verified prior to shipment.
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(e.g., additional temporary or. auxiliary shielding, remotely operated equipment, additional
contamination prevention measures). Actual use of optional dose reduction measures must be
decided by each user based on the fuel to be loaded.

10.3.2 Estimated Exposures for Surveillance and Maintenance

Table 10.3.4 provides aim n estimate of the occupational exposure required for
security surveillance and maintenance of an ISFSI. Although the HI STORNM 100 System
requires only minimal maintenance during storage, maintenane will be required around the
ISFSI for items such as seeurity equipment maintenance, grass cutting, snow removal, Yent
system sun eillance, drainage system maintenance, and lighting, telephone, and intercom-repair.
Security surveillance time is based on a 'daily security patrol around the perimeter of the ISFSI
security fence. The estimated dose rates described below, are based on a sample array-of HI
STORM 100 everpacks fully loaded with design basis fuel assemblies, placed at their minimum
required pitch, in a 2 .x 6 HI STORM array. The maintenance -vorler is assumed to be at a
distance of 5 meters from the center of the long edge of the array. The security worker is
assumed to be at a distance of 15 mctert 'from the'center of the lofig edge of the array.' Users
may opt to utilize electronic temperature monitoring of the HI-STORM modules or remote
viewing methods instead of performing direct visual observation of the modules. Since security
surveillances can be performed from outside the ISFSI and since the ISESIfence is typically
positioned such that the area outside 'the fence is not a radiation area,, a dose rate of 3
mrem/hour' is estimated. Although the HI-STORM 100 System requires only minimal
maintenance during storage (e.g. touch-up paint), maintenance will be required around the
ISFSI for items such as security equipment maintenance, grass cutting, snow removal, vent
system surveillance, drainage system maintenance, and lighting, telephone,, and intercom repair.
Since most of the maintenance is expected to occur outside the actual cask array, Fef
maintenanee of the easks and the ISFSI, a dose rate of 10 mrem/hour is estimated
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Table 10.3.1a
II-STORM 100 SYSTEM LOADING OPERATIONS USING THE 125-TON III-TRAC TRANSFER CASK

ESTIMATED OPFERATIONAL. RMRE (5E}.Rt E7 5075.000 MWDIMTfT US-VYAR COOLEDf PWR 1FUwE
v v Ls [^v sv- - . vv-.{s- .v - .vv.s sv~s -~ - - - -- Ivw s ^

OPERATOR rDOSE RATE TOA
ACTION DURATION LOCATION NUER OPERATOR | INDIVDUAT| DOSE

ACIN(MINUTES) (FIGURE OPERATORS LOCEATIORN DIVIREAL (PERSN- ASSUMPTIONS

103.1) S Lt O CATIONUR J __ ___ ___ __ _ _ ___R__ _ _ __ _ _ __ _ _ __ _ _

Section 8.AA--
LOAD PRE-SELECTED FUEL 1020 1 2 1 17.0 34.0 15 MINUTES PER ASSEMBLY/68 ASSY
ASSEMBLIES INTO MPC _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1.
PERFORM POST-LOADING VISUAL
VERIFICATION OF ASSEMBLY 68 I 2 1 1.1 2.3 I MINUTES PER ASSY/68 ASSY
IDENTIFICATION

Secton 8.1.5
INSTALL MPC LID AND ATTACII LIFTI 45 2 2 20 1.5 30 CONSULTATION WMi CALVERT
YOKE 4__2_2___ __ __ __ __ __0 _ CLIFFS

RAISE III-TRAC TO SURFACE OF 2022200740 FEET @ 2 FT/MINUTE (CRANE
SPENT FUEL POOL | _20 T 2 | 2 | .0 0.7 | _1.3 SPEED)
SURVEY MFC LID FOR liOTPARTICLES 3 3A 31.1 1.6 1.6 TELESCOPING DETECTOR USED

VERIFY MPC LID IS SEATED 0.5 3A 1 31.1 0.3 0.3 VISUAL VERIFICATION FROM 3
_ _ _ _METERS

INSTALL LID RETENTION SYSTEM 6 3B 2 46.4 4.6 9.3 24 BOLTS @ I/PERSON-MINUTE
BO LTS_ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

REMOVEOL 1TRACFROMSPENTFUEL 8.5 3C 117Z8 16.7 16.7 17 FEET 2 FTIMIN (CRANE SPEED)

DECONTAMINATE II-TRAC BOTTOM 10 3D I 142.0 23.7 23.7 LONG ILANDLED TOOLS,
._ PRELIMINARY DECON

EXTERIOR SURFACES 5T SB 1 185.3 15.4 15.4 50 SMEARS @ 10 SMEARS/MINUTE

DISCONNECT ANNULUS
OVERPRESSURE SYSTEM .0.5 5C I 827 0.7 0.7 QUICK DISCONNECT COUPLING

SET III-TRAC IN CASK PREPARATION 10 4A 1 46.4 7.7 7.7 100 FT @ 10 FTIN (CRANE SPEED)
A R EA_ _ _ _ _ __ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _

REMOVE NEUTRON SIIELD JACKET 2 4A 1 464 1.5 1.5 SINGLE PLUG, NO SPECIAL TOOLS
FILL PLUG 1.5 _ _ _ _ _ PLUO_ NO__ ___ ___ ___ __

INSTALL NEUTRON SIIELD JACKET 2 SB I 185.3 6.2 6.2 SINGLE PLUG, NO SPECIALTOOLS
FILL PLUG 5B IM3 6.2_62_SINLEPLO _NO __________

DISCONNECT LID RETENTION 6 5A 2 373 3.7 Z5 24 BOLTS @ I BOLT/PERSON
SYSTEM DOSE RATES AMCI3A37 MINUTES
MEASURE DOSE RATES AT MPC UID 3 SA I 37.3 1.9 19 TLSCOPING DETECTOR USED

t See notes at bottom of Table 10.3.4.
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CHAPTER IIt: ACCIDENT ANALYSIS

This chapter presents the evaluation of the HI-STORM 100 System for the effects of off-normal and
postulated accident conditions. The design basis off-normal and postulated accident events,
including those resulting from mechanistic and non-mechanistic causes as well as those caused by
natural phenomena, are identified in Sections 2.2.2 and 2.2.3. For each postulated event, the event
cause, means of detection, consequences, -and corrective action are discussed and evaluated. As
applicable, the evaluation of consequences includes structural, thermal, shielding, criticality,
confinement, and radiation protection evaluations for the effects of each design event.

The structural, thermal, shielding, criticality, and confinement features and performance of the HI-
STORM 100 System are discussed in Chapters 3, 4, 5, 6, and 7. The evaluations provided in'this
chapter are based on the design features and evaluations described therein.

Chapter 11 is in full compliance with NUREG-1 536; no exceptions are taken.

11.1 OFF-NORMAL CONDITIONS

During normal storage operations of the I STORM 100 System it is possible that an off normal
situation could occur. Off-normal operations, as defined in accordance with ANSI/ANS-57.9, are
those conditions which, although not occuiring regularly, are expected to occur no more than once a
year. In this section, design events pertaining to off-normal operation for expected operational
occurrences are considered. The off-normal conditions are listed in Subsection 2.2.2.

The following off-normal operation events have been considered in the design of the HI-STORM
100:

Off-Normal Pressures
Off-Normal Environmental Temperatures
Leakage of One MPC Seal Weld
Partial Blockage of Air Inlets
Off-Normal Handling of HI-TRAC Transfer Cask
Failure of FHD System
SCSPowerFailure -a

Off-NormalLoadsl

t This chapter has been prepared in the format and section organization set forth in Regulatory
Guide 3.61. However, the material content of this chapter also fulfills the requirements of
NUREG-1536. Pagination and numbering of sections, figures, and tables are consistent with the
convention set down in Chapter 1, Section 1.0, herein. Finally, all terms-of-art used in this
chapter are consistent with the terminology of the glossary (Table 1.0.1) and component
nomenclature of the Bill-of-Materials (Section 1.5).

t Off-normal load combinations are defined in Chapter 2, Table 2.2.14 and evaluated in Chapter 3,
Section 3:4.
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For each event, the postulated cause of the event, detection of the event, analysis of the event effects
and consequences, corrective actions, and radiological impact from the event are presented.

The results of the evaluations performed herein demonstrate that the HI-STORM 100 System can
withstand the effects of off-normnal events without affecting function, and are in compliance with the
applicable acceptance criteria. The following sections present the evaluation of the HI-STORM 100
System for the design basis off-normal conditions that demonstrate that the requirements of
10CFR72.122 are satisfied, and that the corresponding radiation doses satisfy the requirements of
10CFR72.106(b) and IOCFR20.

The load combinations evaluated for off-normal conditions are defined in Table 2.2.14. The load
combinations include both normal and off-normal loads. The off-normal load combination
evaluations are discussed in Section 11.1.5.

11.1.1 Off-Normal Pressures

The sole pressure boundary in the HI-STORMI 100 System is the MPC internal pressure
be'uwdaryenclosure vessel. The off-normal pressure condition is specified in Section 2.2.2.1. The off-
normal pressure for the MPC internal cavity is a function of the initial helium fill pressure and the
temperature obtained with maximum decay heat load design basis fuel. The maximum off-normal
environmental temperature is 1001F with full solar insolation. The MPC internal pressure is

evaluatedwithsi furtherincrcasedby the consrvative assumption that 10% of the fuel rods ruptured
and 100% of the rods fill gas; and 30% of the fission gases are-released to the cavity.

11.1.1.1 Postulated Cause of Off-Normal Pressure

After fuel assembly loading, the MPC is drained, dried, and backfilled with an inert gas (helium) to
assure long-term fuel cladding integrity during dry storage. Therefore, the probability of failure of
intact fuel rods in dry storage is low. Nonetheless, the event is postulated and evaluated.

11.1.1.2 Detection of Off-Normal Pressure

The HI-STORM 100 System is designed to withstand the MPC off-normal internal pressure without
any effects on its ability to meet its safety requirements. There is no requirement for detection of off-
normal pressure and, therefore, no monitoring is required.

11.1.1.3 Analysis of Effects and Consequences of Off-Normal Pressure

Chapter 4 calculates the MPC internal pressure with an ambient temperature of 800F, 10% fuel rods
ruptured, full insolation, and maximum decay heat, and reports the maximum value of 5.O 106.6
psig in Table 4.4.14 at an average temperature of513.-6 522.80K. Using this pressure, the off-normal
temperature of 1000F (bounding temperature rise-AT of 201F or 1.1 K), and the ideal gas law, the
off-normal resultant pressure is-(calculated below) tH-be-is below the MPC off-normal design
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pressure (Table 2.2. 1 in Chapter 2). condition MPG internal design pressure. I

'. ' P2 T2

P2 = P.T2
T,

p (106.6psig +14.7) (522.80K +11.1 0K)
- ' .522.80 K

p2 =123.9psia or109.2psig

I ...

It should be noted that this bounding temperature rise does not take any creditfor the increase in
thermosiphon action that would accompany the pressure increase that results from 'both' the
temperature rise and the addition of the gaseous fission products to the MPC cavity. As any such
increase in'thermosiphon action would decrease the temperature rise, the calculatedpressure is
'higher than would actually occur.The off normal MPC internal design prcfsurc of 100 psig (Table
2.2. 1) has been established to bound the off normal condition. Therefore, no additional analysis is

Structural

The structural evaluation of the MPC enclosure vessel for off-normal internal pressure conditions is
equivalent to the evaluation at normal interalpr-essur-es, since the normal designpr-essure was set
a value which would encompass the off nomal pressure. Therefore, the resulting stresses from the
off-normal condition arc equivalent to that of the normal condition and are well within the short
term Dllowable*alues, as-discussed in Section 3.4. The stresses resulting from the off-normal
pressure are confirmed to be bounded by the applicable pressure boundary stress limits.

Thermal

The MPC internal pressure for off-normal conditions is calculated as presented above. As can be
seen from the value above, the 100-psig designbasis internal pressure for off-normal conditions used
in~the structural evaluation (Table 2.2.1) bounds the calculated value above.

Shielding

There is no effect on the shielding performance of the system as a result of this off-normal event.

Criticalit -

There is no effect on the criticality control features ofthe system as a result of this off-normal event.
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Confinement

There is no effect on the confinement function of the MPC as a result of this off-normal event. As
discussed in the structural evaluation above, all stresses remain within allowable values, assuring
confinement boundary integrity.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this off-normal event.

Based on this evaluation, it is concluded that the off-normal pressure does not affect the safe
operation of the HI-STORM 100 System.

11.1.1.4 Corrective Action for Off-Normal Pressure

The HI-STORM 100 System is designed to withstand the off-normal pressure without any effects on
its ability to maintain safe storage conditions. There is no corrective action requirement for off-
normal pressure.

11.1.1.5 Radiological Impact of Off-Normal Pressure

The event of off-normal pressure has no radiological impact because the confinement barrier and
shielding integrity are not affected.

11.1.2 Off-Normal Environmental Temperatures

The HI-STORM 100 System is designed for use at any site in the United States. Off-normal
environmental temperatures of -40 to 100I F (HI-STORM overpack) and 0 to 100l F (HI-TRAC
transfer cask) have been conservatively selected to bound off-normal temperatures at these sites. The
off-normal temperature range affects the entire HI-STORM 100 System and must be evaluated
against the allowable component design temperatures. ThisThe off-normal event is of a short
duration, therefore the resultant temperatures are evaluated against the aeeident off-normal
condition temperature limits as-listed in Table 2.2.3.

11.1.2.1 Postulated Cause of Off-Normal Environmental Temperatures

The off-normal environmental temperature is postulated as a constant ambient temperature caused
by extreme weather conditions. To determine the effects of the off-normal temperatures, it is
conservatively assumed that these temperatures persist for a sufficient duration to allow the HI-
STORM 100 System to achieve thermal equilibrium. Because of the large mass of the HI-STORM
100 System with its corresponding large thermal inertia and the limited duration for the off-normal
temperatures, this assumption is conservative.
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11.1.2.2 Detection of Off-Normal Environmental Temperatures

The HI-STORM 100 System is designed to withstand the off-normal environmental temperatures
without any effects on its ability to maintain safe storage conditions. There is no requirement for
detection of off-normal environmental temperatures for the HI-STORM overpack and MPC. Chapter
2 provides operational limitations to the use of the HI-TRAC transfer cask at temperatures of <32°F
and prohibits use of the HI-TRAC transfer cask below 00F.'

11.1.2.3 Analysis of Effects and Consequences of Off-Normal Environmental
Temperatures

The off-normal event considering an environmental temperature of 1 00lF for a duration sufficient to
reach thermal equilibrium is evaluated with respect to design temperatures listed in Table 2.2.3. The
evaluation is performed with design basis fuel with the maximum decay heat and the most restrictive
thermal resistance. The 1000F environmental temperature is applied with full solar insolation.

The HI-STORM 100 System maximum temperatures for components close to the design basis
temperatures are listed in Subsection 4.4. These temperatures are conservatively calculated at an
environmental temperature of 80'F. The maximum off-normal environmental temperature is I 00lF,
which is an increase of20°F. Including the cifeet of a hypothetical 10% rod rupture condition on the
MPC canity gas conductivity, cIncludingthis ' gsePratiPely asaboundingtemperatures increment
for an lAPC dcsigpn (ablc 1.2.1) ofthe M PC68 and PC 21 over the 800Fambient temperature
solutions of Chapter 4, arcf calculated to be as listed in the HI-STORMtemperatures are computed
and provided in Table 1.1.1. As illustrated by the table, all the maximum off-normal temperatures
are below the short term condition off-normal design basis temperaturesfor the HI-STORMSystem
(Table 2.2.3). The maximum temperatures are the peak values and are based on the conservative
assumptions applied in this analysis. The component temperatures for the HI-TRAC listed in Table
4.5.2 are all based on the maximum off-normnal environmental temperature. The off-normal
environmental temperature is of a short duration (several consecutive days would be highly unlikely)
and the resultant temperatures are evaluated against short-term temperature limits. Therefore, all the
HI-STORM 100 System maximum off-normal temperatures meet the design requirements.

Additionally, the'off-normal envir6nmental temperature generates a pressure that is bounded by that
evaluated in Subsection 11.1.1. The off-normal MPC cavity pressure is less 'than the design basis
pressure listed in Table 2.2.1.

The off-normal event considering an environmental temperature of -40'F and no solar insolation for
a duration sufficient to reach thermal equilibrium is evaluated with respect to material design
temperatures of the HI-STORM ov6rpack. The HI-STORM overpack and MPC are conservatively
assumed to reach -40'F. throughout the structure. The minimum off-normal environmental
temperature specified for the HI-TRAC transfer cask is 00F and the HI-TRAC is conservatively
assumed to reach 00F throughout the structure. For ambient temperatures from 0° to 320F, a25%
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ethyleneeglyeel seluteionisantifreeze must be added to the demineralized water in the waterjacket to
prevent freezing. Chapter 3, Subsection 3.1.2.3, details the structural analysis and testing performed
to assure prevention of brittle fracture failure of the HI-STORM 100 System.

Structural

The effect on the MPC for the upper off-normal thermal conditions (i.e., 1 000F) is an increase in the
internal pressure. As shown in Subsection 11.1.1.3, the resultant pressure is well-below the off-
normal design pressure-(Table 2.2.1 in Chapter 2) of 100 psig used in the ztructural analysis. The
effect ofthe lower off-normnal thermal conditions (i.e., 40'F) results-in requires an evaluation ofthe
potential for brittle fracture. ThatSuch an evaluation is diseussed-presentedin Section 3.1.2.3.

Thermal

The resulting off-normal system and fuel assembly cladding temperatures for the hot conditions are
provided in Table 11.1.1 for the HI-STORM overpack and MPC. As can be seen from this table, all
temperatures for off-normal conditions are within the short-term allowable values deseribedlistedin
Table 2.2.3.

Shielding

There is no effect on the shielding performance of the system as a result of this off-normal event.

Criticality

There is no effect on the criticality control features ofthe system as a result ofthis off-normal event.

Confinement

There is no effect on the confinement function of the MPC as a result of this off-normal event.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this off-normal event.

Based on this evaluation, it is concluded that the specified off-normal environmental temperatures
do not affect the safe operation of the HI-STORM 100 System.

11.1.2.4 Corrective Action for Off-Normal Environmental Temperatures

The HI-STORM 100 System is designed to withstand the off-normal environmental temperatures
without any effects on its ability to maintain safe storage conditions. There are no corrective actions
required for off-normal environmental temperatures.
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11.1.2.5 Radiological Impact of Off-Normal Environmental Temperatures

Off-normal environmental temperatures have no radiological impact, as the confinement barrier and
shielding integrity are not affected.

'11.1.3 Leakage of One Seat

The HI-STORM 100 System has a reliable welded boundary to contain radioactive fission products
within the confinement boundary. The radioactivity confinement boundary is defined by the MPC
shell, baseplate, MPC lid, and vent and drain port cover plates. The closure ring provides a
redundant welded closure to the release of radioactive material from the MPC cavity through the
field-welded MPC lid closures. Confinement boundary welds are inspected by radiography or
ultrasonic examination except for field welds that are examined by the liquid penetrant method on
the root (for multi-pass welds) and final pass, at a minimum. Field welds are performed on the MPC
lid, the MPC vent and drain port covers, and the MPC closure ring. The welds on the MPC lid, and
lent and drain port eevens are lealkag. tested.- Additionally, the MPC lid weld is subjected'to a
hydrostatic test to verify its integrity.

Section 7.1 provides a discussion as to how the MPC design, welding, testing and inspection
requirements meet the guidance ofISG-18 such that leakagefrom the confinement boundary may' be
considered non-credible.
The - PC lid to MPC shell weld is postulated to fail to confirm the safety of the HI STORAI 100
confinemcnt boundary. The failure of the MPG lid ';eld is equivalent to the MPG drain or vent port
coner- weld failing. The MPC lid to shell weld has been selected beeause it is the main closure wel!
performed in the field for thc MC. It is 'extremely unlikely that the asweld -xaminati6n, helium
lekag testing and hydrostatic testing .lld f-.ail. to detect a poorly welded closure plate. Th6 MPG

d. ,fai... aff the MPG confinement beundary; however, no lcakage A1 occur.

11.1.3.1 Postulated Cause of Leakage of One Seal in the Confinement Boundary

There is no credible causefor the leakage of one seal in the confinement boundary. The conditions
analyzed in Chapter 3 shows that the confinement boundary components are maintained within their
Code-allowable stress limits under all normal and off-normal storage conditions. The MPC
fabrication and closure welds meet the requirements of ISG-18, such that leakage from- the
confinement boundary is not considered credible. Therefore, there is no event that could cause
leakage of one seal in the confinement boundary.

Failure of the MPC confinement boundary is highly unlikely. The MPC confinement boundary is
shewn to withstand all normal, off normal, and accident conditions. There are no credible conditions
that could damage the integrity of the MPC confinement boundary. The MPC lid to IMPO shell weld
is liquid penetrant inspected on the root and final pass; volumetrically inspected or liquid penetrant
inspected en multiple panais, hydo tatihoolly thsted, and helium leak tested. The initial integrity th
theeclosur-ewe lds ̂ will be- manane houghout tthe design life because the MPG is stor-edw*ithifi the
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HI STORM ovefparlA which provides physical protection,
lid te NIPC shell weld weUld require all ef the fofll i g:

n- anwe1 ther shield. Failure ofthe NIPC

1. Improper- weld by a qualified welding machine or- weldr in aprved welding
pr-eeedues

2. Failure to detect the unaceeptable.indication during the liquid penetrant or
volumetric inspections performed by a qualified inspector in accordanee with
approved procedures.

3. Failu~re ef the qualified leakage test equipment te detect the leak in aecor-danceewit
approved proedures.

1. Failure to deteet the unaceeptable leak during the hydrostatic test performed by
qualified personnel in accordance eith approved pro-eedures.

The evaluation of the failure of the APC lid toADC shell weld has been postulated to demonstratc
the safety ofthe HI STERM 100 confinement system nd cannt be deried from a credible loading
eandition.

11.1.3.2 Detection of Leakage of One Seal in the Confinement Boundarv

The HI-STORM 100 System is designed to withstand the such that leakage of one field weld in the
confinement boundary without any effects on its ability to meet its safety requirementsis not
considereda crediblescenario. A the II STORMA 100 Systemcan withstandthe failure of one field
w:eld with no leakageTherefore, there is no requirement to detect leakage from one seal.
11.1.3.3 Analysis of Effeets and Cnse-quences of Lealeage of One Seal in the Confinement

\K>

If the NR2C- lid to +A PC she!l weld were te fail, the MPG cloesure ring will retain the design pressure.
TFhe analysisof the.MPC closurfefing'~ ability to r-tain the desi'f pesrisprovided in AXppendix

3.E of the HI ST-AR TSAR Docket Number 72 1 T osqences ofthe d to MPG
shell weld failure are that the bC clsurc ring maintains the integrity of the confinement bcundari .

The stress evauto fte lsr igis discussed in Appendix 3.E ef the HI STAR TSAIRDeeket
?T wnbe*r 7- !OO.. All stresses afe within the allowable values.Structual

There is noe efet on the thermal performance oAf the system as a resut of thlis off normal event.
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There is no effet en the shielding per-~formaee.nceof the syste m as a r-esult ef this eff normal event.

There is noeffeecton thecr-iticality controelfeatures ~fth esyste as ar-esulto fthis offnormal event.

There is no eff-et on the confinement function f _the MrPG as a result ef this off normal event.

Radiation Proteetion

Sinee there is no degradation in shielding~ orecnfinement capabilities as diseu.se. dabo. e, there is n
effeton occupadtional or tpublieepomesur-esasar-eseult ofthis off normal event.x

Based on this cyaluation, it is cnluded that r nmal leakage of one seal event does
riot naretjhe sf pratier^n+ ef Fthe M STOv~RM 1 00 Syc.,em.

11.1.3.34 Corrective Action for Leakage of One Seal in the Confinement Boundary

There is no corrective action required for the failure of one weld in the closure system of the
confinement boundary. Leakage of one weld in the confinement boundary closure system does nte|
aff-ect the HI STORM 100 System's ability to operate safelyis not a credible event. -

11.1.3.45 Radiological Impact of Leakage of One Seal in the Confinement Boundary. -

The off-normal event of the failure of one weld in the confinement boundary closure system has no
radiological impact because the-leakage from the confinement barrier is not breached aind shieldingj
is net affeetedcredible. '

11.1.4 Partial Blockage of AirInlets

The rn-STORM 100 System is designed with fine mesh screens on the inlet and outlet air ducts.
These screens ensure the air ducts are protected from the incursion of foreign objects. There are four
air inlet ducts 90° apart and it is highly unlikely that blowing debris during normal or off-normal
operation could block all air inlet ducts. As req'uired by the design criteria presented in Chapter 2, it
is conservatively assumed that two of the four air inlet ducts are blocked. The blocked air inlet ducts
are assumed to be completely blocked with an ambient temperature of 80'F (Table 2.2.2), full solar
insolation, and maximum SNF decay heat values. This condition is analyzed to demonstrate the
inherent thermal stability of the HI-STORMlo00 System.
Aii additional evaluation is frforrn4 *ithtbree the four air iet duts.1ile not required by the
lfI STORM System design criteria, this additional evaluation is perforimed as a parametric study of
the effeets of ier-emettal duct blockage. Th o of e parametric t i to demnsr the*--u~~ge W-he pups ef theswo ~ peosvvs~v o s v avru .e-i study is t demestr-ae
robutn es ofK t he MT ST-ORA! System design beyend th dsigAn bais

HI-STORM FSAR
REPORT HI-2002444

:- Proposed Rev. 2C

' 11.1-9



11.1.4.1 Postulated Cause of Partial Blockage of Air Inlets

It is conservatively assumed that the blocked air inlet ducts are completely blocked, although mesh
screens prevent foreign objects from entering the ducts. The mesh screens are either inspected
periodically or the outlet duct air temperature is monitored as specified by Technical Spceifications
in Appendix A to the CoC. It is, however, possible that blowing debris may block two air inlet ducts
of the overpack. As aleady stated, the blockage efthree inlet duets is evaluated only to demenstate
the limitcd efects of addiional. inreimental duct blockage.

11.1.4.2 Detection of Partial Blockage of Air Inlets

The detection of the partial blockage of air inlet ducts will occur during the routine visual inspection
of the mesh screens or temperature monitoring of the outlet duct air as required and specified by
Technical Specifications in Appendix A to the CcC. The frequency of inspection is based on an
assumed complete blockage of all four air inlet ducts. There is no inspection requirement as a result
of the postulated two inlet duct blockage, because the complete blockage of all four air inlet ducts is
bounding.

11.1.4.3. Analysis of Effects and Consequences of Partial Blockage of Air Inlets

Evaluations ferThe two inlet ducts and three inlet ducts blocked recondition is evaluated for the
hottest MPC-68 PG 32 at its maximum decay heat load. Only the MPC 3 luaterd because t
has the highest decay heat load of all IPG designs (Table 1.2.1). The largesttemperature rise of the
MPC or its contents as a result of the blockage of two air inlet ducts is 24 181F, for theftel cladding.
The results for the HI-STORM System are provided in Table 11.1.2.N'IPG shell The-largest
temperature rise of the IPC- or its contents as a result of the blockage of three air inlet ducts

ffjormed as a parametric studycf incre-menta _l dut blckage only) s B 1*F, alsoefor theN P hl
enrsenna+ively adding the largest eemponent temperature rise to all cask system cemponen

tperatures, the resultant bounding temperatures for the complete blockage of two air inlet ducts
arc provided in Table 11.1.2. Following this same procedure of adding the largest component
temperature rise to all cask system component temperatures, the resultant bounding temperatures for
the complete bleek~age of three air- inlet duets are included in the same table fer- cempar e
purposes. These values are based on full insolation and an ambient temperature ef 800 F. The
analysis method for the blockage of two and three of the air inlet duets is conservative with respect
to the analysis method for the noemal condition. As a result of the air inlet duet blockages, the head
loss is increased and the airflow is decreased thereby increasing component temperatures.

As stated above, the largest temperature rise of the MPC or its contents as a result of the blockage of
two air inlet ducts is 2.S18 0F, for the fuel cladding.MPC shed! This is bounded by the 20 T
temperature rise in Subsection 11.1.1,so theAbe undgMPC internal pressure calculated therein
bounds the partial vents blockage condition as ivell.
as a result ofth s calculated temnperaffe increase is computed, based on initial conditions presented

previously in Subsection 11.1.1.3, as follows:
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T ,+AT

whefe:
- Bounding MPCCavit,'Pressure(psia
- Initial MPG Cavt Pr-essure (89.7 psia)

-T oInitial eGm pavity Aerage TRmperatuf (513.6°Y.)
_ AT Bounding MPG\D Tempesra" (22 er- 190 .9t A a

Substituting these values into thc equation above, the bounding MPC internal pressure is obtained

513.6+13.9
89'* '9 .. ,j la - ;4p .,g~513.6

The off normal ?AC internal design pressure of 100 psig (Table 2.2.1) has been established to
bound& this partial inlet duct blockage condition.

Altheugh it isj a beond the design basis cndition, the bouden ssur .e for thc three blocked
air inlet duets oondition can be determine in thc same manner. As stated abo.v, the bounding
temperature rise forthis conditionis 810F (44.9°Y), andthe corrcspondingboundingePC internal
prcssure is 97.5 psia (82.8 psig). This parametric evaluation demonstrates the insensitivyit of the
MPG intemal pressure to incremental duct blockage, as the relatively largc incremental flow area
reduction inrease the pressure by ,only 5. 4psi.

Structural I . , ; . .

There are no structural consequences as a result of this off-normal event.

Thermal

Using the methodology and model discussed in Section 4.4, the thermal analysis for the two air inlet
ducts blocked off-normal condition is performed. The analysis demonstrates that under steady-state
conditions, no system components exceed the short-term allowable temperatures in Table 2.2.3.

The parametric study of incremental duct blockage, performed by evaluating a three air inlet duets
bloked condition, demonstmrtes the insensitii ef the system to r-elativy large inrementaf l nflo
area r-edutions. This beyond the design basis condition results in relatively small temperature
increases and temperatures well beloew the short- tem allowable temperatures in Table 2.2.3, evn
though no such requirement exists.

Shieldina

There is no effect on the shielding performance of the system as a result of this off-normal event.
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Criticalitv

There is no effect on the criticality control features of the system as a result of this off-normal event.

Confinement

There is no effect on the confinement function of the MPC as a result of this off-normal event.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed'above, there is no
effect on occupational or public exposures as a result of this off-normal event.

Based on this evaluation, it is concluded that the specified off-normal partial blockage of air inlet
ducts event does not affect the safe operation of the HI-STORM 100 System.

11.1.4.4 Corrective Action for Partial Blockane of Air Inlets

The corrective action for the partial blockage of air inlet ducts is the removal, cleaning, and
replacement of the affected mesh screens. After clearing of the blockage, the storage module
temperatures will return to the normal temperatures reported in Chapter 4. Partial blockage of air
inlet ducts does not affect the HI-STORM 100 System's ability to operate safely.

Periodic inspection of the HI-STORM overpack air duct screen covers is required -aith the
frequeney specified by Teehnical Speeifieatiens -in Appendix .A to the Co C,. aAltematively, the
outlet duct air temperature is monitored. The frequency of inspection is based on an assumed
blockage of all four air inlet ducts analyzed in Subsection 11.2.

11.1.4.5 Radiological Impact of Partial Blockage of Air Inlets

The off-normal event of partial blockage of the air inlet ducts has no radiological impact because the
confinement barrier is not breached and shielding is not affected.

11.1.5 Off-Normal Handling of HI-TRAC

Duinngg upending and/or downending of the HI-TRAC transfer cask, the total lifted weight is
distributed among both the upper lifting trunnions and the lower pocket trunnions. Each of the four
trunnions on the HI-TRAC therefore supports approximately one-quarter of the total weight. This
even distribution of the load would continue during the entire rotation operation.

If the lifting device is allowed to "go slack", the total weight would be applied to the lower pocket
trunnions only. Under this off-normal condition, the pocket trunnions would each be required to
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support one-half of the total weight, doubling the load per trunnion. This condition is analyzed to
demonstrate that the pocket trunnions possess sufficient strength to support the increased load under
this off-normal condition.

This off-normal condition does not apply to the HI-TRAC 125D, which does nothave lowerpocket
trunnions. Upending and downending of the HI-TRAC 125D is performed using an L-frame.

11.1.5.1 Postulated Cause of Off-Normal Handling of HI-TRAC

If the cable of the crane handling the HI-TRAC is inclined from the vertical, it would possible to
-unload the upper lifting trunnions such that the lowerpocket trinnions are supporting the total cask
weight and the lifting trunnions are only preventing cask rotation. '

11.1i.5.2 Detection of Off-Normal Handling of HI-TRAC

Handling procedures and standard rigging practice call for maintaining the crane cable in a vertical
position by keeping the crane trolley centered over the lifting trunnions. In such an orientation it is
not possible to completely unload the lifting trunnions without inducing rotation. If the crane cable
were inclined from the vertical, however, the'possibility of unloading the lifting trunnions would
exist. It is therefore possible to detect the potential for this off-normal condition by monitoring the
incline of the'crane cable w'ith respect to the vertical.

11.1.5.3 Analysis of Effects and Consequences of Off-Normal Handling of HI-TRAC

If the upper lifting trunnions are unloaded, the lower pocket trunnions will support the total weight
ofthe loaded HI-TRAC. The analysis of the pocket trunnions to support the applied load of one-half
of the total weight is provided in Appendices 3.AA and 3 .AJ Subsection 3.4.4.3.3.1 of this FSAR.
The consequence of off-normal handling of the HI-TRAC is that the pocket trunnions safely support
the applied load.

Structural'

The stress evaluations of the lower pocket trunnions are discussed in Subsection 3.4.4.3.3.1 of this
FSAR Appcndiccs 3.AA and 3.AI. All stresses are within the allowable values. -

Thermal

There is no effect on the thermal performance of the system as a result of this off-normal event.

Shielding

There is no effect on the shielding performance of the system as a result of this off-normal event.
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Criticalitv

There is no effect on the criticality control features of the system as a result ofthis off-normal event.

Confinement

There is no effect on the confinement function of the MPC as a result of this off-normal event.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this off-normal event.

Based on this evaluation, it is concluded that the specified off-normal handling of the HI-TRAC
does not affect the safe operation of the system.

11.1.5.4 Corrective Action for Off-Normal Handling of HI-TRAC

The HI-TRAC transfer casks are designed to withstand the off-normnal handling condition without
any adverse effects. There are no corrective actions required for off-normal handling of HI-TRAC
other than to attempt to maintain the crane cable vertical during HI-TRAC upending or downending.

11.1.5.5 Radiological Consequences of Off-Normal Handling of HI-TRAC

The off-normal event of off-normal handling of HI-TRAC has no radiological impact because the
confinement barrier is not breached and shielding is not affected.

11.1.6 Failure of FHD System Off Normal Load Combinations

L6ad combinations for off normal conditions arc provided in Tablc 2.2.14. The load combinations
inelude nonnal loads with the off noemal leads. The load combination results are shown in Scetion
3.4 to meet all allowable values.

The FHD system is a forced helium circulation device used to effectuate moisture removalfrom
loaded MPCs. For circulating helium, the FHD system is equipped with active components
requiring externalpowerfor normal operation.

11.1.6.1 Postulated Cause of FHD Failure

Likely causes of FHD failure are (i) Loss of external poiver to the FHD System and (ii) An active
component trip. In both cases a stoppage offorced helium circulation occurs.
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11.1.6.2 Detection of FD Failure

The HI-STORMI 00 System is designed to withstand an FHD System failure without affecting its
ability to meet safety requirements. Consequently FHD monitoring andfailure detection is not
required.

11.1.6.3 Analysis of ELfects and Consequences of FHD Failure

Structural

The FHD System is required to be equipped with safety relief devices§ to prevent the MPC
structural boundarypressuresfrom exceeding the design limits. Consequently there is no adverse
effect.

Thermal

Failure ofthe FHD System is categorized as an off-normal conditionfor which the applicable peak
cladding temperature limit is 1058"F (Table 2.2.3). The FHD System failure event is evaluated
assuming the following bounding conditions:

1) Steady state maximum temperatures have been reached
2) Design basis heat load
3) Standing column of air in the annulus
4) MPCs backfilled with the minimum helium pressure required by the Technical

Specifications

The steady state results are provided in Table 11.1.3. The results demonstrate that the peak-fuel
cladding temperatures remain below the limit in the event ofaprolonged unavailability oftheFHD
system.

Shieldinis

There is no effect on the shielding performance of the system as a result of this off-normal event.

Criticalitv

There is no effect on the criticality control of the system as a result of this off-normal event.

§ The reliefpressure is below the off-normal design pressure (Table 2.2.1) to prevent MPC overpressure and above
7 atm to enable MPC pressurization for adequate heat transfer.
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Confinement

There is no effect on the confinementfunction of the MPC as a result of this off-normal event. As
discussed in the structural evaluation above, the structural boundary pressures cannot exceed the
design limits.

Radiation Protection

As there is no adverse effect on the shielding or confinement functions, there is no effect on
occupational or public exposures as a result of this off-normal event.

Based on this evaluation, it is concluded that the FHD failure does not affect the safe operation of
the HI-STORM100 System.

11.1.6.4 Corrective Action for FHD Failure

The HI-STORM100 System is designed to withstand the FHDfailure without an adverse effect on its
safetyfunctions. Consequently no corrective action is required

11.1.6.5 Radiological Impact of FHD Failure

The event has no radiological impact because the confinement barrier and shielding integrity are
not affected

11.1.7 SCS Power Failure

The SCS system is aforcedfluid circulation device used to provide supplemental Hl-TRAC cooling.
For fluid circulation, the SCS system is equipped with active components requiring power for
normal operation.

11.1.7.1 Postulated Cause of SCS Power Failure

The SCS is normally operatedfrom an external source ofpower such as from site utilities or a feed
from a heavy haul vehicle carrying the HI-TRAC. Occasional interruption in power supply is
possible.

11.1.7.2 Detection of SCS Power Failure

The HI-STORM 100 System is designed to withstand a powerfailure without affecting its ability to
meet safety requirements. Consequently SCS monitoring andfailure detection is not required.
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11.1.7.3 Analysis of Effects and Consequences of SCS Power Failure

The SCS System is required to be equipped with a backup power supply (See SCSspecifications in
Chapter 2, Appendix 2.C). This ensures 'uninterrupted operation of the SCS following a power

failure. Consequently, apowerfailure does'not effect SCS operation.

Structural

There is no effect on the structural integrity.

Thermal

There is no effect on thermal performance.

Shielding

There is no effect on the shielding performance.

Criticality

There is no effect on the criticality control.

Conhfnement

There is no effect on the confinementfunction.

Radiation Protection

As there is no effect on the shielding or confinementfunctions, there is no effect on occupational or
public exposures.

Based on this evaluation, it is concluded that the SCSfailure does not affect the safe operation ofthe
HI-STORM100 System.

11.1.7.4 Corrective Action for SCS Power Failure

The HI-STORM100 System is designed to withstandapowerfailure without an adverse effect on its
normal operation. Consequently no corrective action is required

11.1.7.5 Radiological Impact of SCS Power Failure

The event has no radiological impact because the confinement barrier and shielding integrity are
not affected.
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Table 11.1.1

MAXIMUM TEMPERATURES CAUSED BY OFF-NORMAL
ENVIRONMENTAL TEMPERATURES

Temperature Design Basis Limits

Location [OF]J

Fuel Cladding 751 1058 short term
44- (PWR)

__ ~60 (BWR) _

MPC Basket -740726 950 shertefm

MPC Shell 3. 490 775 sheor tem

Ovrpaek Air- Outlet N/A

Overpack Inner Shell 21 263 350 short teim
____ ___ ___ ____ ___ __ ___ ____ ___ ___ _ _ (ev er-paek e oncretce)

Overpack Outer Shell 65 203 350 shet4 tefm
(overpack concrete)
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Table 11.1.2

BOUNDINGt TEMPERATURES CAUSED BY PARTIAL BLOCKAGE OF
AIR INLET DUCTS [0F]

I

Temperature No Blockage of -Partial Blockage of Inlet Ducts Off Nownial
Location Inlet Ducts 2 Ducts Blocked 3 Ducts Bloclecd Desks

Fuel Cladding -740 731 -- 765 749 821 1058 short term

MPC Basket 720 706 . 745 723 801 950 sheit-tefm

MPC Shell - 351 470 3-76 486 432 775 sheo term

Overpack Air 206210 2-1214 2827 NA;
Outlet (mass flow
averaged)

Overpack Inner 4M 243 224 266 280 400
Shell 350 sheft term

(overpaek
_ _nefete)

Overpack Outer 44 l177 4-70 182 226 600
Shell 350 shoer tefm

(everpaek
__nrete)

Th? b t ;eperawuaspicsentd n fhis abl aret obtained _ _ adding 1Me maxmum i- i ?
acs eatsk compolent fo Mec normal condition femperawurc, of evcr, casi; crnmpene.
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Table 11.1.3

STEADY-STATE MIMUMFUEL CLADDING TEMPERA TURES
FOLLOWING ANFHD FAILURE

Computed Peak Off-Normal
MPC Design Heat Load Clad Temp. Temperature Limit

MPC24/24E 38 963 - 1058

MPC-32 38 926 1058

MPC-68 35.5 1017 1058

HI-STORM FSAR
REPORT HI-2002444

Proposed Rev. 2C

11.1-20



11.2 ACCIDENTS

Accidents, in accordance with ANSIIANS-57.9, are either infrequent events that could reasonably be
* expected to occur during the lifetime of the HI-STORM 100 System or events postulated because

their consequences may affect the public health and safety.' Section 2.2.3 defines the-design basis
accidents considered. By analyzing for these design basis events, safety margins inherently provided
in the HI-STORM 100 System design can be quantified.

The results of the evaluations perforinmd herein demonstrate that the r-STORM 100 System can
withstand the effects of all credible and hypothetical accident conditions and natural phenomena
without affecting safety function, and are in compliance with the acceptable criteria. The following
sections present the evaluation of the design basis postulated accident conditions and natural
phenomena which demonstrate that the requirements of 10CFR72.122 are satisfied, and that the
corresponding radiation doses'satisfy the requirements of IOCFR72.106(b) and I0CFR20.

The load combinations evaluated for postulated accident conditions are defined in Table 2.2.14. The
load combinations include normal loads with the accident loads. The accident load combination
evaluations are provided in Section 3.4.

11.2.1 HI-TRAC Transfer Cask Handling Accident
. .

11.2.1.1 Cause of MI-TRAC Transfer Cask Handling Accident

bDuring the operation of the HI-STORM 100' System, the loaded HI-TRAC transfer cask'can be
transported to the ISFSI in the vertical or horizontal position. The loaded HI-TRAC transfer cask is
typically transported by a heavy-haul vehicle that cradles the HI-TRAC horizontally or by a device
with redundant drop protection that holds the HI-TRAC vertically. The height of the loaded
overpack above the ground shall be limited to below the horizontal handling height limit determined
in Chapter 3 and specified by the Tcchnical Spcrifications in Appendix A to the CoC to limit the
inertia loading on the cask in a horizontal drop to less than 45g's. Although a handling accident is
remote, a cask drop from the horizontal handling height limit is a credible accident. A vertical drop
of the loaded HI-TRAC transfer cask is not a credible accident as the loaded HI-TRAC shall be
transported and handled in the vertical orientation' by devices designed in accordance with the
criteria specified in Subsection 2.3.3.1 as required by the Technical Specification.

11.2.1.2 HI-TRAC Transfer Cask Handling Accident Analvsis

The handling accident analysis evaluates the effects of dropping the loaded HI-TRAC in the
horizontal position. The analysis of the handling accident is provided in Chapter 3. The analysis
shows that the HI STORM 100 S fftcnif-TRAC meets all structural requirements and there is no
adverse effect on the confinement, thermal or subcriticality performance of the contained MPC.
Limited localized damage to the HI-TRAC water jacket shell and loss of the water in the water
jacket may occur as a result of the handling accident. The I{I-TRAC top lid and transfer lid housing
(pool lid for the HI-TRAC 125D) are demonstrated to remain attached by withstanding the
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K>_

maximum deceleration. The transfer lid doors (not applicable to HI-TRAC 125D) are also shown to
remain closed during the drop. Limiting the inertia loading to 60g's or less ensures the fuel cladding
remains intact based on dynamic impact effects on spent fuel assemblies in the literature [11.2.1].
Therefore, demonstrating that the 45g limit for the HI-TRAC transfer cask is met ensures that the
fuel cladding remains intact.

Structural

The structural evaluation of the MPC for 45g's is provided in Section 3.4. As discussed in Section
3.4, the MPC stresses as a result of the HI-TRAC side drop, 45g loading, are all within allowable
values.

As discussed above, the waterjacket enclosure shell could be punctured which results in a loss of the
water within the water jacket. Additionally, the HI-TRAC top lid, transfer lid (pool lid for the HI-
TRAC 125D), and transfer lid doors (not applicable to HI-TRAC 125D) are shown to remain in
position under the 45g loading. Analysis of the lead in the HI-TRAC is performed in Appendix 3.F
and it is shown that there is no appreciable change in the lead shielding.

Thermal

The loss of the water in the water jacket causes the temperatures to increase slightly due to a
reduction in the thermal conductivity through the HI-TRAC water jacket. The temperatures of the
MPC in the Ifi-TRAC transfer cask as a result of the loss of water in the water jacket are presented
in Table 11.2.8. As can be seen from the values in the table, the temperatures are well-below the |
short-term allowable fuel cladding and material temperatures provided in Table 2.2.3 for accident
conditions.

Shielding

The loss of the water in the waterjacket results in an increase in the radiation dose rates at locations
adjacent to the water jacket. The shielding analysis results presented in Section 5.1.2 demonstrate
that the requirements of IOCFR72.106 are not exceeded. As the structural analysis demonstrates that
the HI-TRAC top lid, transfer lid (pool lid for the HI-TRAC 125D), and transfer lid doors (not
applicable to HI-TRAC 125D) remain in place, there is no change in the dose rates at the top and
bottom of the HI-TRAC.

Criticality

There is no effect on the criticality control features of the system as a result of this accident event.
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Confinement

There is no effect on the confinement function of the MPC as a result 'of this accident event. As
discussed in the structural evaluation aibove,all stresses remain within allowable values, assuring
confinement boundary integrity. ' ' -

Radiation Protection

There is no degradation in the confinement capabilities of the MPC, as discussed above. There are
increases in the local dose rates adjacent to the waterjacket. The dose rate at 1 meter from the water
jacket after the water is lost is calculated in Table 5.1.10. Immediately after the drop accident a
radiological inspection of the HI-TRAC will be performed and temporary shielding shall be installed
to limit the exposure to the public. Based on a minimum distance to the controlled area boundary of
100 meters, the lOCFR72.106 dose rate requirements at the controlled area boundary (5 Rem limit)
will beapproxirnatcly 1.3 m rn'8hr (Setion 5.1.2). Therefore, it is evident, based'on the short
duration of-the accident, that tr rcquireicnts of ROCFR72.106 (5 Rem) will not be -dre'not
exceeded (Section 5.1.2).

1i.2.1.3 HI-TRAC Transfer Cask Handlina Accident Dose Calculations

The handling accident could cause localized damage to the HI-TRAC waterjacket shell and loss of
the water in the waterjacket as the neutron shield impacts the ground.

When the waterjacket is impacted, the HI-TRAC transfer cask surface dose rate could increase'. The
' HI-TRAC's post-accident shielding analysis presented in Section 5.1.2 assumes complete loss ofthe
water in the water jacket and bounds the dose rates anticipated for the handling accident).-

If the waterjacket of the loaded HI-TRAC is damaged beyond immediate repair and the MPC is not
damaged, the loaded 11-TRAC may be unloaded into a HI-STORM overpack, a HI-STAR overpack,
or simply unloaded in the fuel pool. If the MPC is damaged, the loaded HI-TRAC must be returned
to the fuel pool for unloading. Depending on the damage to the HI-TRAC and the current location in
the loading or unloading sequence, less personnel exposure may be received by continuing to load
the MPC into a HI-STORM or HI-STAR overpack. Once the MPC is placed in the HI-STORM or
HI-STAR overpack, the'dose rates are'greatly reduced. The highest personriel exposure will result
from returning the loaded HI-TRAC to the fuel pool to unload the MPC.

As a result of the loss' of water from the waterjacket, the dose rates at I meter adjacent to the water
jacket mid-height increase (Table 5.1. 10). Increasing the personnel exposure for each task affected
by the increased dose rate adjacent to the water jacket by the ratio of the 'o'ne meter'dose rate
increase results in a cumulative dose of less than 15.0 person-rem, for the 125-ton HI-TRAG or 100-
ton HI-TRAC. Using the ratio of the water jacket mid-height dose rates at one meter is very
conservative. Dose rate at the top and bottom of the HI-TRAC water jacket would not increase as
much as the peak rmid-height dose rates. In the determination of the personnel exposure, dose rates at
the top and bottom of the' loaded HI-TRAC are assumed to remain constant.
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The analysis of the handling accident presented in Section 3.4 shows that the MPC confinement
barrier will not be compromised and, therefore, there will be no release of radioactive material from
the confinement vessel. Any possible rupture of the fuel cladding will have no effect on the site
boundary dose rates because the magnitude of the radiation source has not changed.

11.2.1.4 HI-TRAC Transfer Cask Handling Accident Corrective Action

Following a handling accident, the ISFSI operator shall first perform a radiological and visual
inspection to determine the extent of the damage to the HI-TRAC transfer cask and MPC to the
maximum practical extent. As appropriate, place temporary shielding around the HI-TRAC to reduce
radiation dose rates. Special handling procedures will be developed and approved by the ISFSI
operator to lift and upright the HI-TRAC. Upon uprighting, the portion of the overpack not
previously accessible shall be radiologically and visually inspected. If damage to the waterjacket is
limited to a local penetration or crushing, local repairs can be performed to the shell and the water
replaced. If damage to the water jacket is extensive, the damage shall be repaired and re-tested in
accordance with Chapter 9, following removal of the MPC.

If upon inspection of the damaged HI-TRAC transfer cask and MPC, damage of the MPC is
observed, the loaded HI-TRAC transfer cask will be returned to the facility for fuel unloading in
accordance with Chapter 8. The handling accident will not affect the ability to unload the MPC using
normal means as the structural analysis of the 60g loading (H-STAR Docket Numbers 71-9261 and
72-1008) shows that there will be no gross deformation of the MPC basket. After unloading, the
structural damage of the HI-TRAC and MPC shall be assessed and a determination shall be made if
repairs will enable the equipment to return to service. Subsequent to the repairs, the equipment shall
be inspected and appropriate tests shall be performed to certify the equipment for service. If the
equipment cannot be repaired and returned to service, the equipment shall be disposed of in
accordance with the appropriate regulations.

11.2.2 HI-STORM Overpack Handling Accident

11.2.2.1 Cause of HI-STORM Overpack Handling Accident

During the operation of the HI-STORM 100 System, the loaded HI-STORM overpack is lifted in the
vertical orientation. The height of the loaded overpack above the ground shall be limited to below
the vertical handling height limit determined in Chapter 3 and specified by the Tzclnizal
Specifications in Appendix A to the CoG. This vertical handling height limit will maintain the
inertial loading on the cask in a vertical drop to 45g's or less. Although a handling accident is
remote, a drop from the vertical handling height limit is a credible accident.

11.2.2.2 HI-STORM Overpack Handling Accident Analysis

The handling accident analysis evaluates the effects of dropping the loaded overpack in the vertical
orientation. The analysis of the handling accident is provided in Chapter 3. The analysis shows that
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the HI-STORM 100 System meets all structural requirements and there are no adverse effects on the
structural, confinement, thermal or subcriticality performance of the HI-STORM 100 System.
Limiting the inertia loading to 60g's or less'ensures the fuel cladding remains intact based on
dynamic impact effects on spent fuel assemblies in the literature [11.2.1].

Structural

The structural evaluation of the MPC under a 60g vertical load is presented in the rI-STAR TSAR
and SAR [11.2.6 and 11.2.7] and it is demonstrated therein that the stresses are within allowable

' limits. The structural analysis ofthe HI-STORM overpack is presented in Section 3.4. The structural
* analysis ofthe overpack'shows that the concrete shield attached to the underside ofthe overpack lid
remains attached and air inlet ducts do not collapse. '

Thermal -

As the structural analysis demonstrates that there is no change in the MPC or overpack, there is no
effect on the thermal performance of the system as a result of this event.

Shieldina - ' .,'. '

As the structural analysis demonstrates that there'is no change in the MPC or overpack, there is no
effect on the shielding performance of the system as a result of this event.

Criticality

There is no effect on the criticality control features of the system as a result of this event.

Confinement - -

There is no effect on the confinement function of the MPC as a result of this event. As 'discussed in
the structural evaluation above, all stresses remain within allowable values, assuring confinement
boundary integrity.

Radiation Protection ;

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this event. - :

Based on'this evaluation, it is concluded that the vertical drop of the rn-STORM Overpack with the
MPC inside does not affect the safe operation of the HI-STORM 100 System.
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11.2.2.3 HI-STORM Overpack Handling Accident Dose Calculations

The vertical drop handling accident of the loaded HI-STORM overpack will not cause any change of
the shielding or breach of the MC confinement boundary. Any possible rupture of the fuel cladding
will have no affect on the site boundary dose rates because the magnitude of the radiation source has
not changed. Therefore, the dose calculations are equivalent to the normal condition dose rates.

11.2.2.4 HI-STORM Overpack Handling Accident Corrective Action

Following a handling accident, the ISFSI operator shall first perform a radiological and visual
inspection to determine the extent of the damage to the overpack. Special handling procedures, as
required, will be developed and approved by the ISFSI operator.

If upon inspection of the MPC, structural damage of the MPC is observed, the MPC is to be returned
to the facility for fuel unloading in accordance with Chapter 8. After unloading, the structural
damage of the MPC shall be assessed and a determination shall be made if repairs will enable the
MPC to return to service. Likewise, the HI-STORM overpack shall be thoroughly inspected and a
determination shall be made if repairs will enable the HI-STORM overpack to return to service.
Subsequent to the repairs, the equipment shall be inspected and appropriate tests shall be performed
to certify the HI-STORM 100 System for service. If the equipment cannot be repaired and returned
to service, the equipment shall be disposed of in accordance with the appropriate regulations.

11.2.3 Tip-Over

11.2.3.1 Cause of Tip-Over

The analysis of the HI-STORM 100 System has shown that the overpack does not tip over as a result
of the accidents (i.e., tornado missiles, flood water velocity, and seismic activity) analyzed in this
section. It is highly unlikely that the overpack will tip-over during on-site movement because of the
low handling height limit. The tip-over accident is stipulated as a non-mechanistic accident.

For the anchored HI-STORM designs (HI-STORM 100A and IOOSA), a tip-over accident is not
possible. As described in Chapter 2 of this FSAR, these system designs are not evaluated for the
hypothetical tip-over. As such, the remainder of this accident discussion applies only to the non-
anchored designs (i.e., the 100 and 1 OOS designs only).

11.2.3.2 Tip-Over Analysis

The tip-over accident analysis evaluates the effects of the loaded overpack tipping-over onto a
reinforced concrete pad. The tip-over analysis is provided in Section 3.4. The structural analysis
provided in Appendix 3.A demonstrates that the resultant deceleration loading on the MPC as a
result of the tip-over accident is less than the design basis 45g's. The analysis shows that the HI-
STORM 100 System meets all structural requirements and there is no adverse effect on the
structural, confinement, thermal, or subcriticality performance of the MPC. However, the side
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impact will cause some localized damage to the concrete and outer shell of the overpack in the radial
area of impact.

Structural

The structural evaluation of the MPC presented in Section 3.4 demonstrates that under a 45g loading
the stresses are well within the allowable values. Analysis presented in Chapter 3 shows that the
concrete shields attached to the underside and top of the overpack lid remains attached. As a result
of the tip-over accident there will be localized crushing of the concrete in the area of impact.'

Thermal

The'thermal analysis of the overpack and MPC is-based on vertical storage. The thermal
consequences of this accident while the overpack is in the horizontal orientation are bounded by the
burial under debris accident evaluated in Subsection 1 1.2.14. Damage to the overpack will be limited
as discussed above. As the structural analysis demronstrates that there is no significant change in the
MPC or overpack, once the overpack and MPC are returned to their vertical orientation there is no
effect on the thermal performance of the system.

Shielding

The effect on the shielding performance of the system as a result of this event is limited to a
localized decrease in the shielding thickness of the concrete.

Criticality

There is no effect on the criticality control features of the system as a result of this event.

Confinement

There is no effect on the confinement function of the MPC as a result of this event. As discussed in
the structural evaluation above, all stresses remain within allowable values, assuring confinement
boundary integrity.

Radiation Protection

Since there is a very localized reduction in shielding and no effect on the confinement capabilities as
discussed above, there is no effect on occupational or public exposures as a result of this accident
event. ''

Based on this evaluation, it is concluded that the accident pressure does not affect the safe operation
of the HI-STORM 100 System. - '
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1 1.2.3.3 Tip-Over Dose Calculations

The tip-over accident could cause localized damage to the radial concrete shield and outer steel shell
where the overpack impacts the surface. The overpack surface dose rate in the affected area could
increase due to the damage. However, there should be no noticeable increase in the ISFSI site or
boundary dose rate, because the affected areas will be small and localized. The analysis of the tip-
over accident has shown that the MPC confinement barrier will not be compromised and, therefore,
there will be no release of radioactivity or increase in site-boundary dose rates.

11.2.3.4 Tip-Over Accident Corrective Action

Following a tip-over accident, the ISFSI operator shall first perform a radiological and visual
inspection to determine the extent of the damage to the overpack. Special handling procedures will
be developed and approved by the ISFSI operator.

If upon inspection of the MPC, structural damage of the MPC is observed, the MPC shall be
returned to the facility for fuel unloading in accordance with Chapter 8. After unloading, the
structural damage of the MPC shall be assessed and a determination shall be made if repairs will
enable the MPC to return to service. Likewise, the HI-STORM overpack shall be thoroughly
inspected and a determination shall be made if repairs are required and will enable the rn-STORM
overpack to return to service. Subsequent to the repairs, the equipment shall be inspected and
appropriate tests shall be performed to certify the rn-STORM 100 System for service. If the
equipment cannot be repaired and returned to service, the equipment shall be disposed of in
accordance with the appropriate regulations.

11.2.4 Fire Accident

11.2.4.1 Cause of Fire

Although the probability of a fire accident affecting a ER-STORM 100 System during storage
operations is low due to the lack of combustible materials at the ISFSI, a conservative fire has been
assumed and analyzed. The analysis shows that the En-STORM 100 System continues to perform its
structural, confinement, thermal, and subcriticality functions.

11.2.4.2 Fire Analysis

11.2.4.2.1 Fire Analysis for HI-STORM Overpack

The possibility of a fire accident near an ISFSI is considered to be extremely remote due to an
absence of combustible materials within the ISFSI and adjacent to the overpacks. The only credible
concern is related to a transport vehicle fuel tank fire, causing the outer layers of the storage
overpack to be heated by the incident thermal radiation and forced convection heat fluxes. The
amount of combustible fuel in the on-site transporter is limited to a volume of 50 gallons-based on a
Technical Specification in Appendix A to the CoG.
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With respect to fire accident thermal analysis, NUREG-1 536 (4.0,V,5.b) states:

"Fire parameters included in 10 CFR 71.73 have been accepted for characterizing the
heat transfer during the in-storage fire.:However, a bounding analysis that limits the
fuel source thus limits the length of the fire (e.g., by limiting the source of the fuel in
the transporter) has also been accepted." -

Based on this NUREG-I 536 guidance, the fire accident thermal analysis is performed using the 10
CFR 71.73 parameters and the fire duration is determined from the limited fuel volume of 50
gallons. The entire transient evaluation of the storage fire accident consists of three parts: (1) a
bounrding steady-state initial condition, (2). the short-duration fire event, and (3) the post-fire
temperature relaxation period.

As stated above, the fire parameters from 10 CFR 71.73 are applied to the HI-STORM fire accident
evaluation. 10 CFR 71 requirements for thermal evaluation of hypothetical accident conditions
specifically define pre- and post-fire ambient conditions, specifically:

"the ambient air temperature before and after the test must remain constant at that
value between -290C (-207F) and +380 C (100T) which is most unfavorable for the
feature under consideration."

The ambient air temperature is therefore set to 100TF both before (bounding steady state) and after
(post-fire temperature relaxation period) the short-duration fire event.

During the short-duration fire event, the following-parameters from 1OCFR71.71(c)(4), alsofrom
Reference-[11..3], are applied:

1. Except for a simple support system, the cask must be fully engulfed. The ISFSI pad is a
-simple support system, so the fire environment is not applied to the overpack baseplate. By
fully engulfing the overpack, additional heat transfer surface area is conservatively exposed
to the elevated fire temperatures.'.

2. The average emissivity coefficient must be at least 0.9. During the entire duration of the fire,
--ihe painted outer surfaces ofthe overpack are assumed to remain intact, with an emissivity of

0.85. It is conservative to assume that the flame emissivity is 1.0, the limiting maximum
value corresponding to a perfect blackbody emitter. With a flame emissivity conservatively
assumed to be 1.0 and a painted surface emissivity of 0.85, the effective emissivity
coefficient is 0.85. Because the minimum required value of 0.9 is greater than the actual
value of 0.85, use of an average emissivity coefficient of 0.9 is conservative.

3. The average flame temperature must be at least 800'C (1475TF). Open pool fires typically
involve the entrainment of large', amounts of air, resulting in lower average flame
temperatures. Additionally, the same temperature is applied to all exposed cask surfaces,
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which is very conservative considering the size of the HI-STORM cask. It is therefore
conservative to use the 1475'F temperature.

4. The fuel source must extend horizontally at least 1 m (40 in), but may not extend more than
3 m (10 ft), beyond the external surface of the cask. Use of the minimum ring width of 1
meter yields a deeper pool for a fixed quantity of combustible fuel, thereby conservatively
maximizing the fire duration.

5. The convection coefficient must be that value which may be demonstrated to exist if the cask
were exposed to the fire specified. Based upon results of large pool fire thermal
measurements [11.2.2], a conservative forced convection heat transfer coefficient of 4.5
Btu/(hrxft2 xoF) is applied to exposed overpack surfaces during the short-duration fire.

Due to the severity of the fire condition radiative heat flux, heat flux from incident solar radiation is
negligible and is not included. Furthermore, the smoke plume from the fire would block most of the
solar radiation.

Based on the 50 gallon fuel volume, the overpack outer diameter and the I m fuel ring width, the
fuel ring surrounding the overpack covers 147.6 ft2 and has a depth of 0.54 in: From this depth and a
linear fuel consumption rate of 0.15 in/min, the fire duration is calculated to be 3.622 minutes (217
seconds). The linear fuel consumption rate of 0.15 in/min is the smallest value given in a Sandia
Report on large pool fire thermal testing [11.2.2]. Use of the minimum linear consumption rate
conservatively maximizes the duration of the fire.

It is recognized that the ventilation air in contact with the inner surface of the HI-STORM overpack
with design-basis decay heat under maximum normal ambient temperature conditions varies
between 80'F at the bottom and 2O62430F at the top of the overpack. It is further recognized that the
inlet and outlet ducts occupy only 1.25% of area of the cylindrical surface of the massive I-l-
STORM overpack. Due to the short duration of the fire event and the relative isolation of the
ventilation passages from the outside environment, the ventilation air is expected to experience little
intrusion of the fire combustion products. As a result of these considerations, it is conservative to
assume that the air in the HI-STORM overpack ventilation passages is held constant at a
substantially elevated temperature of 300'F during the entire duration of the fire event.

The thermal transient response of the storage overpack is determined using the ANSYS finite
element program. Time-histories for points in the storage overpack are monitored for the duration of
the fire and the subsequent post-fire equilibrium phase.

Heat input to the HI-STORM overpack while it is subjected to the fire is from a combination of an
incident radiation and convective heat fluxes to all external surfaces. This can be expressed by the
following equation:

* qF hf. (TA-Ts)+0.l714xl05c[(TA+ 460) - (Ts +460)4]
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where:
qF =Surface Heat Input Flux (Btu/ft2 -hr)
h',= Forced Convection Heat Transfer Coefficient (4.5 Btu/ft2-hr-°F)
TA = Fire Condition Temperature (1475F)
Ts = Transient Surface Temperature (TF)
E = Average Emissivity (0.90 per 10 CFR 71.73)

The forced convection heat transfer coefficient is based on the results of large pool fire thermal
measurements [11.2.2].

After the fire event, the ambient temperature is restored to 1 000F and the storage overpack cools
down (post-fire temperature relaxation). Heat loss from the outer surfaces of the storage overpack is
determined by the following equation:

- - A~~~s; = hs(Ts -TA)+O0.1714 x1OSe'[(Ts +460) - TA + 460)4 ............

where:
qs =Surface Heat Loss Flux (Btu/ft2 -hr)
hs = Natural Convection Heat Transfer Coefficient (Btu/ft2-hr-°F)
Ts = Transient Surface Tem~perature (OF)
TA = Ambient Temperature (OF)

= Surface Emissivity

In the post-fire temperature relaxation phase, the surface heat transfer coefficient (hs) is determined
by the following equation:

-h=O.9x(TA Ts) 1 /3

where:
; hs = Natural Convection Heat Transfer Coefficient (Btu/f12-hr-°F)

TA = External Air Temperature (OF)
Ts = Transient Surface Temperature (TF)

As discussed in Subsection 4.5.1.1.2, this equation is appropriate for turbulent natural convection
from vertical surfaces. For the same conservative value ofthe Z parameter assumed earlier (2.6x 1 05)
and the HI-STORM overpack height of approximately 19 feet, the surface-to-ambient temperature
difference required to ensure turbulence is 0.56 OF.

A two-dimensional, axisymmetric model was 'developed for this analysis. Material thermal
properties used were taken from Section 4.2. An element plot of the 2-D axisymmetric ANSYS
model is shown in Figure 11.2.1. The outer surface and top surface of the overpack are exposed to
the ambient conditions (fire and post-fire), and the base of the overpack is insulated. The transient
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study is conducted for a period of 5 hours, which is sufficient to allow temperatures in the overpack
to reach their maximum values and begin to recede.

Based on the results of the analysis, the maximum temperatures increases at several points near the
overpack mid-height are summarized in Table 11.2.2 along with the corresponding peak
temperatures in the MPC.-Temperature profiles through the storage overpack wall thickness near the
maid height of the cask are included in Figues 1 1.2.2 through -11.2.4. A plot of temper-ature versus
time is shown in Figure 11.2.5 for. sev pugh the oevcrpaek wall, near the mid height of
the cask. The temperature profile plots (Figures 11.2.2 through 11.2.4) each contain profiles

r-respondingt at the following times: 1 minute (60
seconds), 2 minutes (120 seconds), 3.622 minutes (217 seconds end ef fire), 10 minutes (600
seconds), 20 minutes E1200 seconds), 10 minutes and 90 minutes.

I

K>

The primary shielding material in the storage overpack is concrete, which can suffer a reduction in
neutron shielding capability at sustained high temperatures due to a loss of water. As shown in
Figure -1.2.5,.4Less than 1 inch ofthe concrete near the outer overpack surface exceeds the material
short-term temperature limit. This condition is addressed specifically inNUREG-1536 (4.0,V,5.b),
which states:

"The NRC accepts that concrete temperatures may exceed the temperature criteria of
ACT 349 for accidents if the temperatures result from a fire."

These results demonstrate that the fire accident event does not substantially affect the HI-STORM
overpack. Only localized regions of concrete are exposed to temperatures in excess of the allowable
short-term temperature limit. No portions of the steel structure exceed the allowable temperature
limits.

Having evaluated the effects of the fire on the overpack, we must now evaluate the effects on the
MPC and contained fuel assemblies. Guidance for the evaluation of the MPC and its internals during
a fire event is provided by NUREG-1536 (4.0,V,5.b), which states:

"For a fire of very short duration (i.e., less than 10 percent of the thermal time
constant of the cask body), the NRC finds it acceptable to calculate the fuel
temperature increase by assuming that the cask inner wall is adiabatic. The fuel
temperature increase should then be determined by dividing the decay energy
released during the fire by the thermal capacity of the basket-fuel assembly
combination."

The time constant of the cask body (i.e., the overpack) can be determined using the formula:

CP xP p xL

k
where:
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= Overpack Specific Heat Capacity (Btullb-F) :-
p = Overpack Density (lb/fl3)
Lc = Overpack Characteristic Length (ft)
k = Overpack Thermal Conductivity (Btulft-hr-0F)

The concrete contributes the majority of the 'overpack mass and volume, sowe will use the specific
heat capacity (0.156 Btu/lb-°F), density (142 lb/fl3) and thermal conductivity (1.05 Btu/ft-hr-0 F) of
concrete for the time constant calculation'The characteristicflength of a hollow cylinder is its wall

'thickness. The characteristic length for th& Ir-STORM overpack is therefore 29.5 in, or
approximately 2.46 fl. Substituting into the equation, the overpack time constant is determined as:

0.156xl42x2.462
=127.7hrs

1.05

One-tenth of this time constant is approximately 12.8 hours (766 minutes), substantially longer than
the fire duration of 3.622 minutes, so the MPC is evaluated by considering the MPC canister as an
adiabatic boundary. The temperature of the MPC is therefore increased by the contained decay heat
only.

Table 4.5.5 lists lower-bound thermal inertia values for the MPC and the contained fuel assemblies
of4680 Btu/0F and 2240 Btu/0 F, respectively. Applying an upper-bound decay heat load of .4 38
kW (9090 1.3x105 Btulhr) for the 3.622 minute (0.0604 hours) fire duration results in the
contained fuel assemblies heating up by only:

*1.3xl05!x0.0604
4680 +2240 =1 0 F

This is a negligible increase in the fuel temperature. Consequently, the impact on the MPC internal
helium pressure will be negligible as well. Based on a conservative analysis of the rH-STORM 100
System response to a hypothetical fire event, it is concluded that the fire event does not significantly
affect the temperature of the MPC or contained fuel. Furthermore, the ability ofthe rH-STORM 100
System to cool the spent nuclear fuel within design' temperature limits during post-fire temperature
relaxation is not compromised. -

Structural

As discussed above, there are no structural consequences as a result of the fire accident condition.

Thermal

As discussed above, the MPC internal pressure increases a negligible amount and is bounded by the
100% fuel rod rupture accident in Section 11.2.9. As shown in Table 11.2.2, the peak fuel cladding
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and material temperatures are well below short-term accident condition allowable temperatures of
Table 2.2.3.

Shielding

With respect to concrete damage from a fire, NUREG-1536 (4.0,V,5.b) states: "the loss of a small
amount of shielding material is not expected to cause a storage system to exceed the regulatory
requirements in 10 CFR 72.106 and, therefore, need not be estimated or evaluated in the SAR." Less
than one-inch of the concrete (less than 4% ofthe total overpack radial concrete section) exceeds the
short-term temperature limit.

Criticality

There is no effect on the criticality control features of the system as a result of this event.

Confinement

There is no effect on the confinement funiction of the MPC as a result of this event.

Radiation Protection

Since there is a very localized reduction in shielding and no effect on the confinement capabilities as
discussed above, there is no effect on occupational or public exposures as a result of this accident
event.

Based on this evaluation, it is concluded that the overpack fire accident does not affect the safe
operation of the HI-STORM 100 System.

11.2.4.2.2 Fire Analysis for HI-TRAC Transfer Cask

To demonstrate the fuel cladding and MPC pressure boundary integrity under an exposure to a
hypothetical short duration fire event during on-site handling operations, a fire accident analysis of
the loaded 100-ton HI-TRAC is performed. This analysis, because of the lower mass of the 100-ton
HI-TRAC, bounds the effects for the 125-ton HI-TRAC. In this analysis, the contents of the HI-
TRAC are conservatively postulated to undergo a transient heat-up as a lumped mass from the decay
heat input and heat input from the short duration fire. The rate of temperature rise of the H1-TRAC
depends on the thermal inertia of the cask, the cask initial conditions, the spent nuclear fuel decay
heat generation, and the fire heat flux. All of these parameters are conservatively bounded by the
values in Table 11.2.3, which are used for the fire transient analysis.

Usingthe values stated in Table 11.2.3, abounding casktemperatureriseof 3O95.56 0 Fperminute
is determined from the combined radiant and forced convection fire and decay heat inputs to the
cask. During the handling of the HI-TRAC transfer cask, the transporter is limited to a maximum of
50 gallons, in accordance with a Tehnieal -Speeifeatioen in pnA; E A to the Co. The duration of
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-the 50-gallon fire is 4.775 minutes. Therefore, the temperature rise computed as the product of the
rate oftemperature rise andthefire duration is 26. 636°8'F. Because the cladding temperature at the

- start offire is substantially below the accident temperature limit (approximately 300rF lower) the
fuel cladding temperature limit is not exceeded. 4ill not exceed the short term fuel cladding
tempcraturc limtit (see Table 11.2.5).

The elevated temperatures as a result of the fife accident will cause the pressure in the waterjacket
to increase and cause the overpressure relief valves to vent steam to the atmosphere. Based on the
fire heat input to the water jacket, less than 11% of the water in the waterjacket can be boiled off.
However, it is conservatively assumed; for dose calculations, that all the water in the waterjacket is
lost. In the 125-ton HI-TRAC, which uses Holtite in the lids for neutron shielding, the elevated fire
temperatures would cause the Holtite to exceed its design accident temperature limits. It is
conservatively assumed, for dose calculations, that all the Holtite in the 125-ton HI-TRAC is lost.

Due to the increased temperatures the MPC experiences as a result of the fire accident in the HI-
TRAC transfer cask, the MPC internal pressure increases. Table 11.2.4 provides the MPC maximum
internal pressures, as a result of the HI-TRAC fire accident, for a conservatively bounding initial
steady state condition of the highest normal operating pressure and minimum cavity average
temperature. The computed accident pressure'is substantially below the'accident design pressure
(Table 2.2.1). The alues presented in Table 11.2.4 are determined using a bounding temperature
rise of 13.22F, instead of the calculated 26.32F temperature rise, and are therefore conse.ati~vc.
Table 11.2.5 provides a summary of the loaded HI-TRAC bounding maximum temperatures for the
hypothetical fire accident condition.

Structural i

As discussed above, there are no structural consequences as a result of the fire accident condition.

Thermal'

As discussed above, the MPC internal pressure andfuel temperature increases as a result ofthe'fire
accident. -butthe The fire accident MPC internal pressure and peak fuel cladding temperature;
conservatively including a non mechanistie '100%-fuel rod rupture, is showa in'Table 11.2. to be-
are substantially less than the-accident linits for'MPC internal pressure and maximum' cladding
temperature (Tables 2.2.1 and 2.2.3).: a'cid&nt eondition PGC inteal design pressure of 200 jsig
(Table 2.2.1). As showe in Table 11 .2.5,the pealk hel'cladding and material temperatures ar-e elI
beloew short term accident condition allowable temperatures of Table 2.2.3.

The loss of the water in the water jacket causes the temperatures to increase slighty-due to a
reduction in the thermal conductivity through the HI-TRAC water jacket. The temperatures of the
MPC in the HI-TRAC transfer cask as a'result of the loss of water in the waterjacket are presented
in Table 1 1.2.8 based on an'assumed stait at normal on-site transport conditions andassuming that a
steady state is reached. As'can be'seen from the values in the table, the temperatures are below the
accident temperature 'limits. the temperatures-increase by less thari'202F. Thereforc, if the
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temperatures presented in Table 11.2.5 wre increased by 20 F to account for the decrease in
conductivity of the water jacket, the resultant temperatures will still be well beloW the shhort terrn
allowable fuel cladding and material temperatures provided in Tablc 2.2.3 for accident conditions.

Shielding

The assumed loss of all the water in the waterjacket results in an increase in the radiation dose rates
at locations adjacent to the waterjacket. The assumed loss of all the Holtite in the 125-ton HI-TRAC
lids results in an increase in the radiation dose rates at locations adjacent to the lids. The shielding
analysis results presented in Section 5.1.2 demonstrate that the requirements of 1 OCFR72.106 are
not exceeded.

Criticality

There is no effect on the criticality control features of the system as a result of this event.

Confinement

There is no effect on the confinement function of the MPC as a result of this event, since the internal
pressure does not exceed the accident condition design pressure and the MPC confinement boundary
temperatures do not exceed the short-term allowable temperature limits.

Radiation Protection

There is no degradation in confinement capabilities of the MPC, as discussed above. There are
increases in the local dose rates adjacent to the waterjacket. HI-TRAC dose rates at I meter and 100
meters from the water jacket, after the water is lost, have already been reported in Subsection
11.2.1.2. Immediately after the fire accident a radiological inspection of the HI-TRAC will be
performed and temporary shielding shall be installed to limit the exposure to the public.

11.2.4.3 Fire Dose Calculations

The complete loss of the HI-TRAC neutron shield along with the waterjacket shell is assumed in the
shielding analysis for the post-accident analysis of the loaded HI-TRAC in Chapter S and bounds the
determined fire accident consequences. The loaded Hl-TRAC following a fire accident meets the
accident dose rate requirement of 1OCFR72.106.

The elevated temperatures experienced by the rn-STORM overpack concrete shield is limited to the
outermost layer. Therefore, any corresponding reduction in neutron shielding capabilities is limited
to the outermost layer. The slight increase in the neutron dose rate as a result of the concrete in the
outer inch reaching elevated temperatures will not significantly increase the site boundary dose rate,
due to the limited amount of the concrete shielding with reduced effectiveness and the negligible
neutron dose rate calculated for normal conditions at the site boundary. The loaded HI-STORM
overpack following a fire accident meets the accident dose rate requirement of IOCFR72.106.
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' The analysis of the fire accident shows that the WPC confinement boundary is not compromised and
therefore, there is no release of airborne'radioactive imaterials.

11.2.4.4 Fire Accident Corrective Actions

Upon detection of a fire adjacent to a loaded iH-TRAC or HI-STORM overpack the ISFSI operator
shall take the appropriate immediatedactions necessary to extinguish the fire. Fire fighting personnel
should take appropriate radiological precautions, particularly with the HI-TRAC as the pressure
relief valves may have 'opened and water loss from the water jacket may have occurred resulting in
an increase in radiation doses. Following the termination of the fire, a visual and radiological
inspection of the equipment shall be performed.

As appropriate, install temporary shielding around the HI-TRAC. Specific'attention shall be taken
during the inspection of the water jacket of the HI-TRAC. If damage to the HI-TRAC is limited to
the loss of water in the water jacket due to the pressure increase, the water may be replaced by
adding water at pressure. If damage to the HI-TRAC waterjacket or HI-TRAC body is widespread
and/or radiological conditions require, the HI-TRAC shall be unloaded in accordance with Chapter
8, prior to repair.

If damage to the HI-STORM storage overpack as the'result of a fire event is widespread and/or as
radiological conditions require, the MPC'shall be removed from the HI-STORM'overpack in
accordance with Chapter 8. However, the thermal analysis described herein'demonstrates that only
the outermost layer of the radial concrete exceeds its design temperature. The EI-STORM overpack
may be returned to service if there is no increase in the measured dose rates (i.e., the overpack's
shielding effectiveness is confirmed) and if the visual inspection is satisfactory.

11.2.5 Partial Blockage of MPC Basket Vent Holes

Each MPC basket fuel cell wall has elongated vent holes at the bottom and top. The partial blockage
of the MPC basket vent holes analyzes the effects on the HI-STORM 100 System due to the
restriction of the vent openings. -

11.2.5.1 Cause of Partial Blockage of MPC Basket Vent Holes

After the MPC is loaded with spent nuclear fuel, the MPC cavity is drained, vacuum dried, and
backfilled with helium. There are only tWo'p'ossible sources of material that could block the MPC
basket vent holes. These are the fuel cladding/fuel pellets and crud. Due to the maintenance of
relatively low cladding temperatures during storage, it is not credible that the fuel cladding would
rupture, and that fuel cladding and fuel pellets would fall to block the basket vent holes. It is
conceivable that a percentage of the crud deposited on the fuel rods may fall off of the fuel assembly
and deposit at the bottom of the MPC.
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Helium in the MPC cavity provides an inert atmosphere for storage of the fuel. The HI-STORM 100
System maintains the peak fuel cladding temperature below the required long-term storage limits.
All credible accidents do not cause the fuel assembly to experience an inertia loading greater than
60g's. Therefore, there is no mechanism for the extensive rupture of spent fuel rod cladding.

Crud can be made up of two types of layers, loosely adherent and tightly adherent. The SNF
assembly movement from the fuel racks to the MPC may cause a portion of the loosely adherent
crud to fall away. The tightly adherent crud is not removed during ordinary fuel handling operations.
The MPC vent holes that act as-the bottom plenum for the MPC internal thermosiphon are of an
elongated, semi-circular design to ensure that the flow, passages will remain open under a
hypothetical shedding of the crud on the fuel rods. For conservatism, only the minimum semi-
circular hole area is credited in the thermal models (i.e., the elongated portion of the hole is
completely neglected).

The amount of crud on fuel assemblies varies greatly from plant to plant. Typically, BWR plants
have more crud than PWR plants. Based on the maximum expected crud volume per fuel assembly
provided in reference [11.2.5], and the area at the base of the MPC basket fuel storage cell, the
maximum depth of crud at the bottom of the MPC-68 was determined. For the PWR-style MPC
designs (see Table 1.2.1), 90% of the maximum crud volume was used to determine the crud depth.
The maximum crud depths calculated for each of the MPCs is listed in Table 2.2.8. The maximum
amount of crud was assumed to be present on all fuel assemblies within the MPC. Both the tightly
and loosely adherent crud was conservatively assumed to fall off of the fuel assembly. As can be
seen by the values listed in the table, the maximum amount of crud depth does not totally block any
of the MPC basket vent holes as the crud accumulation depth is less than the elongation of the vent
holes. Therefore, the available vent holes area is greater than that used in the thermal models.

11.2.5.2 Partial Blockage of MPC Basket Vent Hole Analysis

The partial blockage of the MPC basket vent holes has no affect on the structural, confinement and
thermal analysis of the MPC. There is no affect on the shielding analysis other than a slight increase
of the gamma radiation dose rate at the base of the MPC due to the accumulation of crud. As the
MPC basket vent holes are not completely blocked, preferential flooding of the MPC fuel basket is
not possible, and, therefore, the criticality analyses are not affected.

Structural

There are no structural consequences as a result of this event.

Thermal

There is no effect on the thermal performance of the system as a result of this event.
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Shielding

There is 'no effect on the shielding performance of the system as a result of this accident event.

Criticalit'

There is no effect on the criticality control features of the system as a result of this'accident event.

Confinement

There is no effect on the confinement function of the MPC as a result of this accident event.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this accident event.

Based on this evaluation, it is concluded that the partial blockage ofMPC vent holes does not affect
the safe operation of the rH-STORM 100 System.

11.2.5.3- Partial Blockage of MPG Basket Vent Holes Dose Calculations

Partial blockage of basket vent holes will not result in a compromise of the confinement boundary.
Therefore, there will be no effect on the'site boundary dose rates because the magnitude of the
radiation source has not changed. There will beniio radioactive material release.

11.2.5.4 Partial Blockage of MPC Basket Vent Holes Corrective Action

There are no consequences that exceed normal storage conditions. No corrective action is required
for the partial blockage of the MPC basket vent holes.

11.2.6 Tornado

11.2.6.1 Cause of Tornado

The rH-STORM 100 System will be stored on an unsheltered ISFSI concrete pad and subject to
envirornental conditions. Additionally, the transfer of the MPC from the HI-TRAC transfer cask to
the overpack may be performed at the unsheltered ISFSI concrete pad. It is possible that the HIT-
STORM System (storage overpack'aiid HI-TRAC transfer cask) may experience the'extreme
environmental conditions of a tornado.'

11.2.6.2 Tornado Analysis
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The tornado accident has two effects on the HI-STORM 100 System. The tornado winds and/or
tornado missile attempt to tip-over the loaded overpack or HI-TRAC transfer cask. The pressure
loading of the high velocity winds and/or the impact of the large tornado missiles act to apply an
overturning moment. The second effect is tornado missiles propelled by high velocity winds which
attempt to penetrate the storage overpack or HI-TRAC transfer cask.

During handling operations at the ISFSI pad, the loaded MI-TRAC transfer cask, while in the vertical
orientation, shall be attached to a lifting device designed in accordance with the requirements
specified in Subsection 2.3.3.1. Therefore, it is not credible that the tornado missile and/or wind
could tip-over the loaded HI-TRAC while being handled in the vertical orientation. During handling
of the loaded HI-TRAC in the horizontal orientation, it is possible that the tornado missile and/or
wind may cause the rollover of the loaded HI-TRAC on the transport vehicle. The horizontal drop
handling accident for the loaded lI-TRAC, Subsection 11.2.1, evaluates the consequences of the
loaded HI-TRAC falling from the horizontal handling height limit and consequently this bounds the
effect of the roll-over of the loaded HI-TRAC on the transport vehicle.

Structural

Section 3.4 provides the analysis of the pressure loading which attempts to tip-over the storage
overpack and the analysis of the effects of the different types of tornado missiles. These analyses
show that the loaded storage overpack does not tip-over as a result of the tornado winds and/or
tornado missiles.

Analyses provided in Section 3.4 also shows that the tornado missiles do not penetrate the storage
overpack or HI-TRAC transfer cask to impact the MPC. The result of the tornado missile impact on
the storage overpack or HI-TRAC transfer cask is limited to damage of the shielding.

Thermal

The loss of the water in the water jacket causes the temperatures to increase slightly due to a
reduction in the thermal conductivity through the HI-TRAC water jacket. The temperatures of the
MPC in the HI-TRAC transfer cask as a result of the loss of water in the water jacket are presented
in Table 11.2.8. As can be seen from the values in the table, the temperatures are well below the
short-term allowable fuel cladding and material temperatures provided in Table 2.2.3 for accident
conditions.

Shielding

The loss of the water in the water jacket results in an increase in the radiation dose rates at locations
adjacent to the water jacket. The shielding analysis results presented in Section 5.1.2 demonstrate
that the requirements of I OCFR72.106 are not exceeded.
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Criticality

There is no effect on the criticality control features of the system as a result of this event.

Confinement

There is no effect on the confinement function of the MPC as a result of this event.

Radiation'Protection

There is no degradation in confinement capabilities of the MPC, since the tornado missiles do not
impact the MPC, as discussed above. There are increases in the local dose rates adjacent waterjacket
as a result of the loss of water in the HI-TRAC waterjacket. HI-TRAC dose rates at 1 meter and 100
meters from the water jacket, after thevwater is lost, have already been discussedepe~ed-. in
Subsection 11.2.1.2. Immediately after the tornado accident a radiological inspection of the HI-
TRAC will be performed and temporary shielding shall be installed to limit the exposure to the
public.

11.2.6.3 Tornado Dose Calculations

The tornado winds do not tip-over the'loaded storage overpack; damage the shielding materials of
the overpack or HI-TRAC; or damage the MPC confinement boundary. There is no affect on the
radiation dose as a result of the tornado winds. A tornado missile may cause localized damage in the
concrete radial shielding ofthe. storage 6o'verpack. However, the damage will have a negligible effect
on the site boundary dose. A tornado missile may penetrate the HI-TRAC waterjacket shell causing
the loss of the neutron shielding (water). The effects of the tornado missile damage on the loaded
HI-TRAC transfer cask is bounded by'the post-accident dose assessment performed in Chapter 5,
which conservatively assumes complete loss of the water in the water jacket and the water jacket
shell.

11.2.6.4 Tornado Accident Corrective Action

Following exposure of the HI-STORM 100 System to a tornado, the ISFSI operator shall perform a
visual and radiological inspection of the overpack and/or HI-TRAC transfer cask. Damage sustained
by the overpack outer shell, concrete, or vent screens shall be inspected and repaired. Damage
sustained by the HI-TRAC shall be inspected and repaired. -

11.2.7 Flood

11.2.7.1 Cause of Flood

The HI-STORM 100 System will be located on an unsheltered ISFSI concrete pad. Therefore, it is
possible for the storage area to be flooded. The potential sources foi the flood water could be
unusually high water from a river or stream, a dam break, a seismic event, or a hurricane.
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11.2.7.2 Flood Analysis

The flood accident affects the EH-STORM 100 overpack structural analysis in two ways. The flood
water velocity acts to apply an overturning moment, which attempts to tip-over the loaded overpack.
The flood affects the MPC by applying an external pressure.

Structural

Section 3.4 provides the analysis of the flood water applying an overturning moment. The results of
the analysis show that the loaded overpack does not tip over if the flood velocity does not exceed the
value stated in Table 2.2.8.

The structural evaluation of the MPC for the accident condition external pressure (Table 2.2.1) is
presented in Section 3.4 and the resulting stresses from this event are shown to be well within the
allowable values.

Thermal

For a flood of sufficient magnitude to allow the water to come into contact with the MPC, there is no
adverse effect on the thermal performance of the system. The thermal consequence of such a flood is
an increase in the rejection of the decay heat. Because the storage overpack is ventilated, water from
a large flood will enter the annulus between the MPC and the overpack. The water would actually
provide cooling that exceeds that available in the air filled annulus, due to water's higher thermal
conductivity, density and heat capacity, and the forced convection coefficient associated with
flowing water. Since the flood water temperature will be within the off-normal temperature range
specified in Table 2.2.2, the thermal transient associated with the initial contact of the floodwater
will be bounded by the off-normal operation conditions.

For a smaller flood that blocks the air inlet ducts but is not sufficient to allow water to come into
contact with the MPC, a thermal analysis is included in Subsection 11.2.13 of this FSAR.

Shielding

There is no effect on the shielding performance of the system as a result of this event. The flood
water acts as a radiation shield and will reduce the radiation doses.

Criticality

There is no effect on the criticality control features of the system as a result of this event. The
criticality analysis is unaffected because under the flooding condition water does not enter the MPC
cavity and therefore the reactivity would be less than the loading condition in the fuel pool which is
presented in Section 6.1.
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Confinement

There is no effect on the confinement function of the MPC as a result of this event. As discussed in
the structural evaluation above, all stresses remain within allowable values, assuring confinement
boundary integrity.

Radiation Protection

- Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this event.

Based on this evaluation, it is concluded that the flood accident does not affect the safe operation of
the FH-STORM 100 System.

11.2.7.3 -Flood Dose Calculations"

Since the flood accident produces no leakage of radioactive material and no reduction in shielding
effectiveness, there are no adverse radiological consequences.

11.2.7.4 Flood Accident Corrective Action

As shown in the analysis of the flood accident, the rI-STORM 100 System sustains no damage as a
result of the flood. At the completion ofthe flood, surfaces wetted byfloodwatershall be cleared of
debris and cleaned of adherent foreign matter. the exterior and interior of the overpack, and the
exterier of the MPC shall be cleaned to maintain the proper air flow and cnissivity.'

11.2.8 Earthquake'

11.2.8.1 Cause of Earthquake

The HI-STORM 100 System may be employed at any reactor or ISFSI facility in the United States.
It is possible that during the use of the Mn-STORM 100 System, the ISFSI may experience an
earthquake.

11.2.8.2 Earthquake Analysis - ' -;

The earthquake accident analysis evaluates the effects of a seismic event on'the loaded HI-STORM
100 System. The objective is to determine the stability limits of the M-STORM 100 System. Based
on a static stability criteria, it is shown in Chapter 3 that the rn-STORM 100 System is qualified to
seismic activity less than or equal tohe'values'p-ecified in Table 2.2.8.'The analyses in Chapter 3
show that the HI-STORM 100 System will nit tip 6over under the conditi6n's evaluated. The'seismic
activity has no adverse thermal, criticality,'c6nfimement, or shielding consequences.
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Some ISFSI sites will have earthquakes that exceed the seismic activity specified in Table 2.2.8. For
these high-seismic sites, anchored HI-STORM designs (the HI-STORM 100A and 100SA) have
been developed. The design of these anchored systems is such that seismic loads cannot result in tip-
over or lateral displacement. Chapter 3 provides a detailed discussion of the anchored systems
design.

Structural

The sole structural effect of the earthquake is an inertial loading of less than 1g. This loading is
bounded by the tip-over analysis presented in Section 11.2.3, which analyzes a deceleration of45g's
and demonstrates that the MPC allowable stress criteria are met.

Thermal

There is no effect on the thermal performance of the system as a result of this event.

Shielding

There is no effect on the shielding performance of the system as a result of this event.

Criticality

There is no effect on the criticality control features of the system as a result of this event.

Confinement

There is no effect on the confinement function of the MPC as a result of this event.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this event.

Based on this evaluation, it is concluded that the earthquake does not affect the safe operation of the
HI-STORM 100 System.

KJ,}

11.2.8.3 Earthquake Dose Calculations

Structural analysis of the earthquake accident shows that the loaded overpack will not tip over as a
result of the specified seismic activity. If the overpack were to tip over, the resultant damage would
be equal to that experienced by the tip-over accident analyzed in Subsection 11.2.3. Since the loaded
overpack does not tip-over, there is no increase in radiation dose rates or release of radioactivity.
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1 1.2.8.4 Earthquake Accident Corrective Action

Following the earthquake accident, the ISFSI operator shall perform a visual and radiological
inspection of the overpacks in storage to determine if any of the overpacks have tipped-over. In the
unlikely event of a tip-over, the corrective actions shall be in accordance with Subsection 11.2.3.4.

11.2.9 100% Fuel Rod Rupture

This accident event postulates that all the fuel rods'rupture and that the appropriate quantities of
fission product gases and fill gas are released from the fuel rods into the MPC cavity.

11.2.9.1 -Cause of 100% Fuel Rod Rupture

Through all credible accident conditions, the HI-STORM 100 System maintains the spent nuclear
fuel in an inert environment while maintaining the peak fuel cladding temperature below the
required short-term temperature limits, thereby providing assurance of fuel cladding integrity. There
is no-credible cause for 100% fuel rod rupture. This accident is postulated to evaluate the MPC
confinement barrier for the maximum Possible internal pressure based on the non-mechanistic failure
of 100% of the fuel rods.

11.2.9.2 100% Fuel Rod Rupture Analysis

The 100% fuel rod rupture accident has no thermal, structural, criticality or shielding consequences.
The event'does not change the reactivity of the stored fuel, the magnitude of the radiation source
which is being shielded, the shielding capability, or the criticality control features of the HI-STORM
100 System. The determination of the maximum accident pressure is provided in Chapter 4. The
MPC design basis internal pressure bounds the pressure developed assuming 100% fuel rod rupture.
The structural analysis provided in'Chapter 3 evaluates the MPC confinement boundary under the
accident condition internal pressure.

Structural

The structural evaluation of the MPC for the accident condition internal pressure presented in
Section 3.4 demonstrates that the MPC stresses are well within the allowable values.

Thermal

The MPC internal pressure for the 1 00% fuel 'rod rupture condition is presented in Table 4.4.14. As
can be seen from the-values, the 2OO-psig design'basis accident condition MPC internal pressure
(Table 2.2.1) used in the structural evaluation bounds the calculated value.

Shielding

There is no effect on the shielding performance 'of the system as a result of {his event.
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Criticality

There is no effect on the criticality control features of the system as a result of this event.

Confinement

There is no effect on the confinement function of the MPC as a result of this event. As discussed in
the structural evaluation above, all stresses remain within allowable values, assuring confinement
boundary integrity.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this event.

Based on this evaluation, it is concluded that the non-mechanistic 100% fuel rod rupture accident
does not affect the safe operation of the HI-STORM 100 System.

11.2.9.3 100% Fuel Rod Rupture Dose Calculations

The MPC confinement boundary maintains its integrity. There is no effect on the shielding
effectiveness, and the magnitude of the radiation source is unchanged. However, the radiation source _

could redistribute within the sealed MPC cavity causing a slight change in the radiation dose rates at
certain locations. Therefore, there is no release of radioactive material or significant increase in
radiation dose rates.

11.2.9.4 100% Fuel Rod Rupture Accident Corrective Action

As shown in the analysis of the 100% fuel rod rupture accident, the MPC confinement boundary is
not damaged. The HI-STORM 100 System is designed to withstand this accident and continue
performing the safe storage of spent nuclear fuel under normal storage conditions. No corrective
actions are required.

11.2.10 Confinement Boundary Leakage

The MPC uses redundant confinement closures to assure that there is no release of radioactive
materialsfor postulated storage accident conditions. The analyses presented in Chapter 3 and this
chapter demonstrate that the APC remains intact during all postulated accident conditions. The
discussion contained in Chapter 7 demonstrates that MPC is designed, welded, tested and inspected
to meet theguidance ofISG-18such that leakagefrom the confinement boundary is considered non-
credible. The confinement beundary leakage aecident-assumes simultaneous rupture of 100%e of the
fuel rods and the release f ethe available radioactive gas inventery to the env at a rate based
on 150- of the maximum leak Fate under reference conditions.
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11.2.10.1 Cause of Confinement Boundary Leakage

There is no credible cause for confmementboundary leakage. The accidents analyzed in this chapter
show that the MPC confinementboundary withstinds all credible accidents. There are no man-made
or natural phenomena that could cause failure of the confinernent boundary restricting radioactive
material release. Additionally, because the MPC satisfies the criteria specif ed in Interim Staff
Guidance (ISG) 18, there is no credible leakage that would occurfrom the confinement boundary.
The release is analyzed to demA^_s^_raer the safety, of the M ST-On! 1 0rryst

11.2.10.2 Confinement Boundarxyt Le&Ae Mal swi

The following is the basis for the conservative analysis of the c6nfinement boundary leakage
aeeident.*

1. All the f.el stored in the MPG has been ce.ed for 5 years. The PWR fuel type isAhe
B&W l 5)(1 5 at 4.83 5.0° enrichmcntw ith abumup of 70,000 75,000 ?ADA .
The B3AzR fuel tpe is the GE 7)(7 at 1.81°% cnrichmnet with a bumup of 60,000
70, 000 ?AMVDATU. These fuel characteristics bound the design basis fuel for the
HI STORNI 100 System.

2.. One hundred percent of all the fuel rods are assumed to rupture. -

r .

3. The releasable source tenn and rrelase firantions are in acordance th EG
153 6, TSG and ISG 1 1.

.The mnxunum possible leakage rate of radionuclides to the environenent is based on the
helium lea1 rate under refcrence t5st conditions from thc Tcchnieal Specification in
AppendixE~kte the CoO.

Credit is talken for the gravitational settling offInes, olatiles and cerd-.

Chapter 7 presents an evaluation of the consequences of a non mcchanistic postulated ground level
brcach of the MPC confinemcnt boundare undcr hpthetical accident conditiens of storagc. The
rcesultin1+_g Total fsfcv *sc E ialent EDE) and hei dose quiN~lrrents at a dezr
distance of! 00 meters are evaluated for each PG

There airc no structural censequenees of the loss of confinement a~cident.
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Themmal

Since this cvent is a non mcchanistio assumption, there are no realistic thermal eonsequences. As
discussed in the Technical Specficeations in Appendix A to the CoC, the leak test rate wAuld result
in a negligible lOss of helium fill gas over the design life of the NIPC, vhieh weould ha oan
inconsequential effect on thermal performance.

There is no effect on the shielding performanee of the system as a result of this event.

There is no effect on the criticality control features of the system as a result of this event.

Genfinement

Th .vet based upon an assumed instantaneous br-each ofthe confinement.

Radiation Protection

The postulated release will result in an increase in dose to the public. The analysis of this event is
A -h n hrUprovided in Section 7.3. erein, the postulated breach results in dose rates to the public

1lress s than 1 th +ii hl-tablAshed by o !O- R-7. b 1nr- th sit *. ndar

11 .2.10.3 Confinement Boundar; Leakaee Dose Calculations

1 OCFR7'. 106 requires that any individual located at or beyond the nearst centrolledareaboundary
must not receive a dose ,reater than 5 Rem to the whole body or any organ from any design basis
accident. The .aximum whole body dose contribution as a result.of the instantaneous lean accident
is calculated in Chapter: (Table 7.3.8). The maynimum deses as a result of the onfinemen
boundary leak accident is calculated in Chapter 7 (Table 7.3.8). Both values are well below the
regulatory limit of 5 Rem.

11.2.10.34 Confinement Boundary Leakage Accident Corrective Action

The HI-STORM 100 System is designed to withstand this accident and continueperforming the safe
storage of spent nuclearfuel. No corrective actions are required

A detected breached.NIPG will need to be repaired er the fuel removed and placed inte a new NIPC.
First, the br-eached -I mus I ertre to the facility in accordance^ith the proeeedur-es previded
in Chapter 8. If the leak can be detected and repaired, and testing can be perfomned to verif- the
iategrity s f tho e unfinedent boundanc, the NIPG may bc plaeed baek into service. Gtherse, the
NIPG should be unleaded in aceer-dance wvith the pr-ecedur-es pr-evided- in Chapter- 8.
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11.2.11 Explosion

11.2.11.1 Cause of Explosion

An explosion within the bounds of an ISFSI is improbable since there are no explosive materials
within the site boundary. An explosion as a result of combustion of the fuel contained in"cask
transport vehicle is possible. The fuel available for the explosion would be limited and therefore, any
explosion would be limited in size. Any explosion stipulated to occur beyond the site boundary
would have a minimal effect on the rn-STORM 100 System.

11.2.11.2 Explosion Analysis

Any credible explosion accident is bounded by the accident external pressure of 60 psig (Table
2.2.1) analyzed as a result of the flood accident water depth in Subsection 11.2.7 and the tornado
missile accident of Subsection 11.2.6, because explosive materials will not be stored within close
proximity to the casks. The HI-STORM Overpack does not experience the 60 psi external pressure
since it is not a sealed vessel. However, a pressure differential of 10.0 psi (Table 2.2.1) is applied to
the overpack. Section 3.4 provides the analysis of the accident external pressure on the MPC and
overpack. The analysis shows that the MPC can withstand the effects of the accident condition
external pressure, while conservatively neglecting the MPC internal pressure.

Structural

The structural evaluations for the MPC accident condition external pressure and overpack pressure
differential are presented in Section 3.4 and demonstrate that all stresses are within allowable values.

Thermal

There is no effect on the thermal performance of the system as a result of this event.

Shielding

There is no effect on the shielding performance of the system as a result of this event.

Criticality

There is no effect on the criticality control features of the system as a result of this event.

Confinement i

There is no effect on' the confinement 'function of the MPC as a result of this event. As discussed in
the structural evaluation above, all stiessesfreriain within allowable values; assuring confinement
boundary integrity. - -
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Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this event.

Based on this evaluation, it is concluded that the explosion accident does not affect the safe
operation of the HI-STORM 100 System.

11.2.11.3 Explosion Dose Calculations

The bounding external pressure load has no effect on the HI-STORM 100 overpack and MPC.
Therefore, no effect on the shielding, criticality, thermal or confinement capabilities of the HI-
STORM 100 System is experienced as a result of the explosion pressure load. The effects of
explosion generated missiles on the HI-STORM 100 System structure is bounded by the analysis of
tornado generated missiles.

11.2.11.4 Explosion Accident Corrective Action

The explosive overpressure caused by the explosion is bounded by the external pressure exerted by
the flood accident. The external pressure from the flood is shown not to damage the HI-STORM 100
System. Following an explosion, the ISFSI operator shall perform a visual and radiological
inspection of the overpack. If the outer shell or concrete is damaged as a result of explosion
generated missiles, the concrete material may be replaced and the outer shell repaired.

11.2.12 Lightning

11.2.12.1 Cause of Lightning

The HI-STORM 100 System will be stored on an unsheltered ISFSI concrete pad. There is the
potential for lightning to strike the overpack. This analysis evaluates the effects of lightning striking
the overpack.

11.2.12.2 Lightning Analysis

The HI-STORM 100 System is a large metal/concrete cask stored in an unsheltered ISFSI. As such,
it may be subject to lightning strikes. When the HI-STORM 100 System is hit with lightning, the
lightning will discharge through the steel shell of the overpack to the ground. Lightning strikes have
high currents, but their duration is short (i.e., less than a second). The overpack outer shell is
composed of conductive carbon steel and, as such, will provide a direct path to ground.

The MPC provides the confinement boundary for the spent nuclear fuel. The effects of a lightning
strike will be limited to the overpack. The lightning current will discharge into the overpack and
directly into the ground. Therefore, the MPC will be unaffected.
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The lightning accident shall have no adverse consequences on thermal, criticality, confinement,
shielding, or structural performance of the HI-STORM 100 System.

Structural

There is no structural consequence as a result of this event.

Thermal

There is no effect on the thermal performance of the system as a result of this event.

Shielding :

There is no effect on the shielding performance of the system as a result of this event.

Criticalitv

There is no effect on the criticality control features of the system as a result of this event.

Confinement.

There is no effect on the confinement function of the MPC as a result of this event.

Radiation Protection

- Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this event.

Based on this evaluation, it is concluded that the lightning accident does not affect the safe operation
of the HI-STORM 100 System.

11.2.12.3 Lightning Dose Calculations

An evaluation of lightning strikes demonstrates that the effect of a lightning strike has no effect on
the confinement boundary or shielding materials: Therefore, no further analysis is necessary.

'11.2.12.4 Lightning Accident Corrective Action

The HI-STORM 100 System will not sustain any damage from the lightning accident. There is no
surveillance or corrective action required.

. ...... . .. .

HI-STORM FSAR Proposed Rev. 2C
REPORT HI-2002444

11.2-31



11.2.13 100% Blockage of Air Inlets

11.2.13.1 Cause of 100% Blockage of Air Inlets

This event is defined as a complete blockage of all four bottom inlets. Such blockage of the inlets
may be postulated to occur as a result of a flood, blizzard snow accumulation, tornado debris, or
volcanic activity.

11.2.13.2 100% Blockage of Air Inlets Analvsis

The immediate consequence of a complete blockage of the air inlet ducts is that the normal
circulation of air for cooling the MPC is stopped. An amount of heat will continue to be removed by
localized air circulation patterns in the overpack annulus and outlet ducts, and the MPC will
continue to radiate heat to the relatively cooler storage overpack. As the temperatures of the MPC
and its contents rise, the rate of heat rejection will increase correspondingly. Under this condition,
the temperatures of the overpack, the MPC and the stored fuel assemblies will rise as a function of
time.

As a result ofthe large mass, and correspondingly large thermal capacity, of the storage overpack (in
excess of 170,000 .lbs), it is expected that a significant temperature rise is only possible if the
completely blocked condition is allowed to persist for a number of days. This accident condition is,
however, a short duration event that will be identified and corrected by scheduled periodic
surveillance at the ISFSI site. Thus, the worst possible scenario is a complete loss of ventilation air
during the scheduled surveillance time interval in effect at the ISFSI site.

It is noted that there is a large thermal margin, between the maximum calculated fuel cladding
temperature with design-basis fuel decay heat (Tables 4.4.9, 4.4.10 and 4.4.26, 1.1.16 and 4.4.27)
and the short-term fuel cladding temperature limit (Table 2.2.31405.F), to meet the transient short-
term fuel cladding temperature excursion. In other words, the fuel stored in a HI-STORM system
can heat up by over 3001F before the short-term peak temperature limit is reached. The concrete in
the overpack and the MPC and overpack structural members also have significant, margins between
their calculated maximum long-term temperatures and their short-term temperature limits, with
which to withstand such extreme hypothetical events.

To rigorously evaluate the minimum time available before the short-term temperature limits of either
the concrete, structural members or fuel cladding are exceeded, a transient thermal model of the HI-
STORM System is developed. The HI-STORM system transient model with all four air inlet ducts
completely blocked is created as an axisymmetric finite-volume (FLUENT) model. With the
exceptions of the inlet air duct blockage and the specification of thermal inertia properties (i.e.,
density and heat capacity), the model is identical to the steady-state models discussed in Chapter 4
of this FSAR. The model includes the lewest M4PG thernal inertia of any MPC design. The MPC-68
design yields the highest normal storage condition fuel cladding temperature. This design has the
smallest margin to the accident temperature limit and consequently will have the shortest time to
reach this limit and is, therefore, used in performing this evaluation.
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In the first step of the transient solution, 'tYhe decay heat load is set equal to the design basis
maximum value (Table 4.4.39),-the inlets are blocked, anda transient solution isperformed.25
kW. and the IPC internal con]ection (ihe:, thcrmosiphon) is suppressed. This evaluation provides
the peak-temperatures of the fuel cladding, the MPC eenfinement bundars and the'eenerete
overpack-shield-Wa-, all as a function of time. Because the APC dith the lowest thermal inertia is
used in the analysis,'the teinperature rise results 6btained from evaluation of this transient model,
therefore, bound the temperature rises for all MPC designs (Tablc 1.2.1) under this postulated event.
The results of the blocked duct thermal transient evaluation are presented in Figure 1.2.72andTable
11.2.9. Figure 11.2.7 presents the temperature rise as a function offtime after coplete air inlet duct
bloekdge forthe' fellowing:'

. . _. ,

i. Fuel Cladding at the Location of.Inital MwdT e epefatufe
. _ _ =

. ... H. ' MC Shell at the Lceation of Initial Maximum Temperature
i.' Overpack Inner Concrete at the Active Fuel Axial Mid Height

T_ _… . ;_ re_ A m T A n - - -------

. L I . .

. I

PO. tvelwit inner~f nfrcttfte Eit tocaiizmntt~f CI fittffat MWEHxinuRn ± effffefifftl_ _ _ _

. . ... . . v , . . . v ,.... ., .

. Overpack Uutcr leoncrete at the Active Fuel Meal Mid Heig
uverpacsc Outer concrete at the Location et Intial maximum Temperature

The concrete 'section average (i.e., through thickness), fuel cladding, and all MPC and overpack
steel component temperatures remains below their respective short-term temperature limits through
42-24 hours of continuousfull blockage. Beth the fuel cladding and the MPG confinementboundary
temperatures remain below their respective hort'term temperature limits. at 72 hours, the fuel
cladding by over I 500F and the confinement boundary by almost 1752F. Table 11.2.9 summarizes
the maximum temperatures at several points in the HI-STORM System at Z24 hours and 72 hoeurs
after complete inlet air duct blockage. These results establish the design-basis minimum surveillance
interval (i.e., 24 hours per Technical Specifications in Appe'ndix A to the CoC) for the duct screens.
As soon as one or more ducts are part open convection flow is re-started, reestablished. convective
heat dissipation begins and temperatures trend downwards to approach normal conditions as the
ducts are fully cleared.

Incorporation of the MIPG thermosiphon internal natural convection, as described in Chapter 4,
enables-the madmum deignbasis decayheat load to rise to about 29kW. The thermosiphon effeet
also shifts the highest temperatures in the MPC enelosur. . ssl toward the to ef the MNPC The
peal EIP closure plate outer surface temperature, foi example, iscomputed to be abouti 1500 F in
the thenmosiphon enabled solution compared to about 2102F in the thernosiphon suppressed
solution, with both solutions computing approximately the same peak clad temperature. In the 1001%
inlet duet blockage condition, the heated LPC clozure plate and qCIPCshell becom eff-ective heat
dissipaters because of their proximit' to the overpack 6 utlet ducts and by virtue of the fact that
thermal radt i .on e ansfer rises tthefourthp.rofabselutetemprature. A ar _sult of this
increased heat rejection from the upper-regicn cfthe MPC, the time limit for rcaehing the short term
peak fuel cladding temperature limit (7 hours) remains applieable.
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It should be noted that the rupture of 100°6 of-the fuel rods and the subsequent release of the
contained rod gases has a significant positive impact on the GPC internal thermosiphon heat
transport mechanism The increase in the MPC internal pressure aceelerates the thermosiphon, as
does the introduction of higher molecular weight gaseous fission preducts. The values reported in
Table 11.2.9 do not reflect this improved heat transfer and will actually be lower than reported.
Crediting the cased MPG internal pressure only and neglecting the higher- moleculara weighto e
the gaseous fisVo.- pro-ducts, the NGC bulk averge gas temperature will be reduced by
approximately 3,.5.,. (62..F).

Under the complete air inlet ducts blockage accident condition, it must be demonstrated that the
MPC internal pressure does not exceed its design-basis accident limit during this event. Chapter 4
presented the MPC internal pressure calculated at an ambient temperature of 80'F,4 1002% fuel r-eds
ruptured, full insolation, and maximum decay heat. This calculated bounding pressure is 97.9 psig

74.48 (112.6 psia), as reported in Table 4.4.14, at an average temperature of $--346528&K. Using
this pressure, an beunding increase in the MPC cavity bulk temperature of 1840F (102.20 K,
rmadmum of MPG shell or fuel claddingAOC cavity bulk temperature rise 3-324 hours after blockage
of all four ducts, see Table 11.2.9), the reduction in the bulk average gas temperature of 34.59C, and
the ideal gas law, the resultant MPC internal pressure is calculated below.

Pi - Ti
P2 T2

Pi T2P2 = P T
T,

P (I 12.6 psi a) (528.00 K+ 102.20 K)
528.0K

P2 = 134.4 psia or 119.7 psig

The accident MPG internal design pressure e:2QOsig-(Table 2.2.1) bounds the resultant pressure
calculated above. Therefore, no additional analysis is required.

Structural

There are no structural consequences as a result of this event.

Thermal

Thermal analysis is performed to'determine the time until the concreteecionaverage and pea4 fuel
ehaddingFll-STORM System components and contents temperatures approach their short-term
temperature limits. At the specified time limit, both the concrete section average and peak fuel
eaddinga llcomponents and contents temperatures remain below their short-term temperature limits.
The MPC internal pressure for this event is calculated as presented above. As can be seen from the
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* value above, the 00-psig-design basis internal pressure for accident conditions used in the structural I
evaluation bounds the calculated value above.

To demAnstratc the robustncss ofthe Ill ST-OR S5\stern design, the-results of the paraxnetnicsudy.
of incremental duct bleckage pefofrmed in Subsection 11.1.4 are examined again Even with thrce
air inletduets eompletely blocked, as- sh:oRi TrR lal i1..21, large teady stat gist the
short term temperature limits exist for all system components and the fuel cladding of the stored

- assemblies. Both the peak fuel cladding and overpaek concrete seetion asrage temperatures, which
approach their limiting temperatures under the 100% blockage condition, with a single open duct are
apprekimately 2402F and lOOT frcSpeefivel,63less than their res~eetive short term timper-atufe

rits. The _se results sh + that nla r ddtnivwely s mrll dfheunt ef the ttal ar i et duet area on theK ais Ths v ~ e aenlJ- vy a< su Ha if _ u .l
order- Of 250 or 1ss, mnust fmain pen NAA prevent exeeeding sygtem shot, ters tmrature lim its
under steady state conditionsn.

Shielding

There is no effect on the shielding performance of the system as a result of this event, since the
concrete temperatures do not exceed the'short-term condition design temperature provided in Table
2.2.3.

Criticality

There is no effect on the criticality control features of the system as a result of this'event.

Confinement

There is no effect on the confinement function of the MPC as a result of this event.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this event.

-Based on this evaluation, it is concluded that the 100% blockage of air inlets accident does not affect
the safe operation of the rn-STORM 100 System, if the blockage is removed in the specified time
period. The Technical Specifications in AppendiK A to the GeG speeify, the time interval to ensure
that the blockage duration cannot exeeed the time limit calculated herein.

11.2.13.3 100% Blockage of Air Inlets Dose Calculations

As shown in the analysis of the 100% blockage of air inlets accident, the shielding capabilities of the
HI-STORM 100 System are unchanged becau'selthe peak concrete temperature does not exceed its
short-term'condition design temperature: The elevated temperatures will not cause the breach ofthe
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confinement system and the short term fuel cladding temperature limit is not exceeded. Therefore,
there is no radiological impact.

11.2.13.4 100% Blockage of Air Inlets Accident Corrective Action

Analysis of the 100% blockage of air inlet ducts accident shows that the cask system components
and contentsoverpack concrete section average and fuel cladding peak temperatures remaei
substantially below their short term temperature are within the accident temperature limits if the
blockage is cleared within 72-24 hours. Upon detection of the complete blockage of the air inlet
ducts, the ISFSI operator shall assign personnel to clear the blockage with mechanical and manual
means as necessary. After clearing the overpack ducts, the overpack shall be visually and
radiologically inspected for any damage. Per the Technical Specifications in Appendix A to the
CGC, visual inspection of the duct screens is specified en a frequency of 24 hours, or air- outlt
temperature monitoring is required. Therefere, an undetected blockage event could not eteeed 24
heurs.

If exit air temperature monitoring is performed in lieu of direct visual inspections, the difference
between the ambient air temperature and the exit air temperature will be the basis for assurance that
the temperature limits are not exceeded. A measured temperature difference between the ambient air
and the exit air that exceeds the design-basis maximum air temperature rise, calculated in Section
4.4.2, will indicate blockage of the overpack air ducts.

For an accident event that completely blocks the inlet or outlet air ducts, a site-specific evaluation or
analysis may be performed to demonstrate that adequate heat removal is available for the duration of
the event. Adequate heat removal is defined as cask system components and contentseveipaek
concrete section average and fuel cladding temperatures remaining below their short term
temperature limits. For those events where an evaluation or analysis is not performed or is not
successful in showing that fuel eladding-temperatures remain below their short term temperature
limits, the site's emergency plan shall include provisions to address removal of the material blocking
the air inlet ducts and to provide alternate means of cooling prior to exceeding the time when the
fuel cladding temperature reaches its short-term temperature limit. Alternate means of cooling could
include, for example, spraying water into the air outlet ducts using pumps or fire-hoses or blowing
air into the air outlet ducts using fans, to directly cool the MPC. Another example of supplemental
cooling, for sufficiently low decay heat loads, would be to remove the overpack lid to increase free-
surface natural convection.

11.2.14 Burial Under Debris

11.2.14.1 Cause of Burial Under Debris

Burial of the HI-STORM System under debris is not a credible accident. During storage at the
ISFSI, there are no structures over the casks. The minimum regulatory distance of 100 meters from
the ISFSI to the nearest site boundary and the controlled area around the ISFSI concrete pad
precludes the close proximity of substantial amounts of vegetation.
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There is no credible mechanism for the HI-STORM System to become completely buried under
debris. However, for conservatism, complete burial iuider debris is considered. Blockage of the HI-
STORM overpack air inlet ducts has already been considered in Subsection 11.2.13.

11.2.14.2 Burial Under Debris Analysis

Burial of the HI-STORM System does not impose a condition that would have more severe
consequences for criticality, confinrement, shielding, and structural analyses than that performed for
the other accidents analyzed. The debris would provide additional shielding to reduce radiation
doses. The accident external pressure encountered during the flood bounds any credible pressure
loading caused by the burial under debris.

Burial under debris can affect thermal performance because the debris acts as an insulator and heat
sink. This will cause the HI-STORM System and fuel cladding temperatures to increase. A thermal
analysis has been performed to determine the time for the fuel cladding temperatures to reach the
short term accident condition temperature limit during a burial under debris accident

To demonstrate the inherent safety of the HI-STORM System, a bounding analysis that considers the
debris to act as a perfect insulator is considered. Under this scenario, the contents of the HI-STORM
System will undergo a transient heat up under adiabatic conditions. The minimum time required for
the fuel cladding to reach the short term design fuel cladding temperature limit depends on the
amount of thermal inertia of the cask, the cask initial conditions, and the spent nuclear fuel decay
heat generation.

As stated in Subsection 11.2.13.2, there is a margin of over 3001F between the maximum calculated
fuel cladding temperature and the short-term fuel cladding temperature limit. If a'-highly
conservative 1 500 F is postulated as the permissible fuel cladding temperature rise for the burial
under debris scenario, then a curve representing the relationship between the time required and
decay heat load ban be constructed. This curve is shown in Figure 1 1.2.6. In this figure,' plots of the
burial period at different levels of heat generation in the MPC are shown based on a 150'F rise in
fuel cladding temperature resulting from transient heating of the HI-STORM System. Using the
values stated in Table 11.2.6, the allowable time before the cladding temperatures meet the short-
term fuel cladding temperature limit can be determined using:

MxCAT

Q
where: ' ' .

At = Allowable Burial Time (hrs)
m = Mass of rH-STORM System (lb);,
cp= Specific Heat Capacity (Btu/lbx'F)
AT = Permissible Fuel Cladding Temperature Rise (1 501F)
Q = Total Decay Heat Load (Btu/hr)
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The allowable burial time as a function of total decay heat load (Q) is presented in Figure 11.2.6.

The MPC cavity internal pressure under this accident scenario is bounded by the calculated internal
pressure for the hypothetical 100% air inlets blockage previously evaluated in Subsection 11.2.13.2.

Structural

The structural evaluation of the. MPC enclosure vessel for accident internal pressure conditions
bounds the pressure calculated herein. Therefore, the resulting stresses from this event are well
within the allowable values, as demonstrated in Section 3.4.

Thermal

With the cladding temperature rise limited to 1 500F, the corresponding pressure rise, bounded by the
calculations in Subsection 11.2.13.2, demonstrates large margins of safety for the MPC vessel
structural integrity. Consequently, cladding integrity and confinement function of the MPC are not
compromised.

Shielding

There is no effect on the shielding performance of the system as a result of this event.

CriticalitV

There is no effect on the criticality control features of the system as a result of this event.

Confinement

There is no effect on the confinement function of the MPC as a result of this event. As discussed in
the structural evaluation above, all stresses remain within allowable values, assuring confinement
boundary integrity.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this event.

Based on this evaluation, it is concluded that the burial under debris accident does not affect the safe
operation of the HI-STORM 100 System, if the debris is removed within the specified time (Figure
11.2.6). The 24-hour minimum duct inspection interval specified in the Technical Specification in
Appendix A to the CoC ensures that a burial under debris condition will be detected long before the
allowable burial time is reached.
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11.2.14.3 -Burial Under Debris Dose Calculations

As discussed in burial under debris analysis, the shielding is enhanced while the rn-STORM System
is covered.

The elevated temperatures will not cause the breach of the confinement system and the short term
'fuel cladding temperature limit is not exceeded. Therefore, there is no radiological impact.'

11.2.14.4' Burial Under Debris Accident Corrective Action

Analysis of the burial under debris accident shows that the fuel cladding peak temperatures will not
exceed the short term limit if the debris is removed within 4534 hours. Upon detection of the burial
under debris accident, the ISFSI operator shall assign personnel to remove the debris with
mechanical and nanual means as necessary.'After uncovering the storage overpack the storage
overpack shall be visually and radiologically inspected for any damage. The loaded MPC shall be
removed from the storage overpack with the HI-TRAC transfer cask to allow complete inspection of
the overpack air inlets and outlets, and annulus. Removal of obstructions to the air flow path shall be
performed prior to the re-insertion of the MPC. The site's emergency action plan shall include
provisions for the performance of this corrective action.

11.2.15 ''Extreme Environmental Temperature-

11.2.15.1 Cause of Extreme Environmental Temperature

The extreme environmental temperature is postulated as a constant ambient temperature caused by
extreme weather conditions. To determine the effects of the extreme temperature, it is conservatively
assumed that the temperature persists fora sufficient duration to allow the rH-STORM 100 System
to achieve thermal equilibrium. Because'of the'large mass of the HI-STORM 100 System, with its
corresponding large thermal inertia and the limited duration for the extreme temperature, this
assumption is conservative.

11.2.15.2 Extreme Environmental Temperature Analysis

The accident condition considering an environmental temperature of 1 250 F for a duration sufficient
to reach thermal equilibrium is evaluated with respect to accident condition design temperatures
listed in Table 2.2.3. The evaluation isiperformed with design basis fuel with the maximumrdecay
heat and the most restrictive thermal resistance. The 1251F environmental'temperature is applied
with full solar insolation.

The H1-STORM 100 System maximum temperatures for components close to the design basis
temperatures are listed in Section 4.4. These temperatures are conservatively calculated at an
environmental temperature of SOT. The extreme environmental temperature is 1250 F, which is an
increase of 450 F. Conservatively bounding temperatures for all the MPC designs are obtained and
reported in Table 11.2.7. As illustrated by the table, all the temperatures are well below the accident
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condition design basis temperatures. The extreme environmental temperature is of a short duration
(several consecutive days would be highly unlikely) and the resultant temperatures are evaluated
against short-term accident condition temperature limits. Therefore, the HI-STORM 100 System
extreme environmental temperatures meet the design requirements.

Additionally, the extreme environmental temperature generates a pressure that is bounded by the
pressure calculated for the complete inlet duct blockage condition because the duct blockage
condition temperatures are much higher than the temperatures that result from the extreme
environmental temperature. As shown in Subsection 1 1.2.13.2, the accident condition pressures are
below the accident limit specified in Table 2.2.1.

Structural

The structural evaluation of the MPC enclosure vessel for accident condition internal pressure
bounds the pressure resulting from this event. Therefore, the resulting stresses from this event are
bounded by that of the accident condition and are well within the allowable values, as discussed in
Section 3.4.

Thermal

The resulting temperatures for the system and fuel assembly cladding are provided in Table 11.2.7.
As can be seen from this table, all temperatures are within the short-term accident condition
allowable values specified in Table 2.2.3.

Shielding

There is no effect on the shielding performance of the system as a result of this event, since the
concrete temperature does not exceed the short-term temperature limit specified in Table 2.2.3.

Criticality

There is no effect on the criticality control features of the system as a result of this event.

Confinement

There is no effect on the confinement function of the MPC as a result of this event. As discussed in
the structural evaluation above, all stresses remain within allowable values, assuring confinement
boundary integrity.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this event.
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Based on this evaluation, it is concluded that the extreme environment temperature accident does not
affect the safe operation of the HI-STORM 100 System.

11.2.15.3 Extreme Environmental Temperature Dose Calculations

The extreme environmental temperature will not cause the concrete to exceed its normal design
temperature. Therefore, there will be no degradation of the concrete's shielding effectiveness. The
elevated temperatures will not cause a breach of the confinement system and the short-term fuel
cladding temperature is not exceeded. Therefore, there is no radiological impact on the HI-STORM
100 System for the extreme environmental temperature and the dose calculations are equivalent to
the normal condition dose rates.

11.2.15.4 Extreme Environmental Temperature Corrective Action

; There are no consequences of this accident that require corrective action.

11.2.16 Supplemental Cooling System (SCS) Failure

The SCS system is aforcedfluid circulation device used to provide supplemental -TRA C cooling.
For fluid circulation, the SCS system is equipped with active components requiring power for
normal operation. Although an SCS-System failure is highly unlikely, for defense-in-depth 'an
accident condition that renders it in-operablefor an extended duration is postulated herein.

11.2.16.1 Cause of SCS Failure

Possible causes of SCSfailure are: (a) Simultaneous loss of external and backup power, or (b)
Complete loss of annulus wvater from an'uncontrolled leak or line break.

11.2.16.2 Analysis of Effects and Consequences of SCS Failure

Structural

See discussion under thermal evaluation below.

Thermal

In the event of a SCSfailure due to (a) the following sequence of events occur:

i) The annulus water temperature rises to reach it's boiling temperature (-2120F).
ii) A progressive reduction of water level and dryout of the annulus. -

In the event ofan SCSfailure due to (b). a rapid water loss occurs and annulus is replaced with air.
For the condition of a vertically oriented HI-TRAC with air in the annulus, the maximum steady-
state temperatures are below the accident temperature limit (1058F). (See Subsection 11.1.6 and
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Table 11.1.3). For a horizontally oriented HI-TRAC, a lower bound on the available time rm,,,for
fuel to remain at or below the limit (1058"F), is obtained under the following set of bounding
assumptions:

1) Design basis heat load
2) Instantaneous replacement ofannulus water by air.

The analysis results for the peak cladding temperature as afunction of time are plotted in Figure
11.2.8. From this plot.rmub is obtained as 33.4 hours. In Supplemental CoolingLCO 3.1.4 a time
limit of 24 hours is specified to upend the HI-TRAC This places the cask system in an analyzed
condition where, as cited above, the fuel cladding temperature remains below the limit.

To confirm that the MPC design pressure limits (Table 2.2.3) are not exceeded, a bounding gas
pressure is computed assuming fuel heatup from normal temperatures (Tables 4.4.9, 4.4.10 and
4.4.26) to a clad temperature limit (1 058°F). For conservatism, the MPC average gas temperature is
assumed to elevatedfrom normal conditions to a 1058F. The results, summarized in Table 11.2. 10,
show that the MPCpressure is below the design pressure.

Shieldin2'

There is no adverse effect on the shielding effectiveness of the system.

Criticality

There is no adverse effect on the criticality control of the system.

Confinement

There is no adverse effect on the confinementfunction ofthe MPC. As discussed in the evaluations
above, the structural boundary pressures are within design limits.

Radiation Protection

As there is no adverse effect on the shielding or confinement functions, there is no effect on
occupational or public exposures as a result of this off-normal event.

Based on this evaluation, it is concluded that the SCSfailure does not affect the safe operation ofthe
HI-STORM100 System.

11.2.16.3 SCS Failure Dose Calculations

The event has no radiological impact because the confinement barrier and shielding integrity are
not affected.
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11.2.16.4 SCS Failure Corrective Action

In the vertical orientation the HI-TRAC is designed to withstand an SCSfailure without an adverse
effect on its safety functions. For a horizontally oriented HI-TRAC, LCO 3.1.4 requires HI-TRAC
upending within 24 hours.
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Table 11.2.1

INTENTIONALLY DELETED
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Table 11.2.2

HI-STORM 100 OVERPACK INc um BOUNDING TEMPERATURES

AS A RESULT OF THE HYPOTHETICAL FIRE CONDITION

Mlaterial/Component Initialt - During Fire (IF) Post-Firett
Condition (°F) ._ -_ ._ Cooldowvn (OF)

Fuel Cladding 691 Q(NIC24) 692 (PGC 24) 692 (MPG 24)
691 (N-n-24E) 692-MPG-2 4E) 692 (-!PC-24E)
691 (MPGN-32) 692 -IPGC 32)_ 692 (N-PC 32)

q4&OOG - -68)731 741 (lP-G-68)732 7-41 (-IMPG 68)732

MPC Fuel Basket 650 (MP-G4 624 (1!PC-2) -465i(MPG-24
650 (NIPC 24E) 651- -PC 24E) 651 MP 24E)
660 (?PCG 32) 661 (4CG 32) 661 (MPG-32)

_20 (NIP_ 68)706 721 (MPGC-68)707 772E1%(-P 68)707

Overpack Inner Shell 194250 300 4-94300

Overpack Radial Concrete 4-95 284
I~er- Suffhee

Overpack Radial Concrete 473222 473222 484235
Mid-Surface

Overpack Radial Conrrete 457 29 530
Outer- Sufaee

Overpack Outer Shell 447200 570585 570585

I

I

t Bounding 49-5250°F uniform inner surface and 41-5-7200°F uniform outer surface
temperatures assumed.

tt Maximum temperature during post-fire cooldown.

I
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Table 11.2.3

SUMMARY OF INPUTS FOR HI-TRAC FIRE ACCIDENT HEAT-UP

Minimum Weight of Loaded HI-TRAC with 180,436
Pool Lid (lb)

Lower Heat Capacity of Carbon Steel 0.1
(Btu/Ibm-nR)

Heat Capacity U0 2 (Btu/lbm.0 R) 0.056

Heat Capacity Lead (Btu/lbm °R) 0.031

Maximum Decay Heat (kW) - 27438
Total Fuel Assembly Weight (lb) 40,320

Lead Weight (lb) 52,478

Water Weight (lb) 7,595

I
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Table 11.2.4

-BOUNDING HI-TRAC HYPOTHETICAL
- FIRE CONDITION PRESSuRES*

I

I

Condition Pressure (psig) :

MPG-24 ' MPC4E AIPC 3A G8
79thout Fuel Re 77aO7.4 q" q"

Ruptuminitial
Condition : _._.

With 100%; Ful Rod 4 110.6 513 OM 426.66(748
RuopwaeBounding 4W88
Maximum

Te -reprt ed pressures afe based on temperatures that eieeed the calculated maximum
temperatures and are therefore slightly coneesrvative.

HI-STORM FSAR
REPORT HI-2002444

Proposed Rev. 2C

11.2-47



Table 11.2.5

SUMMARY OF BOUNDING MPC PEAK TEMPERATURES

DURING A HYPOTHETICAL HI-TRAC FIRE ACCIDENT CONDITION

Location Initial Steady Bounding Hottest MPC
State Temperature Rise Cross Section

Temperature [0F][F] Peak
Temperature [0F1

Fuel Cladding 872600455745 2426.6 898.3771.6

Basket Periphery 620 26426.6 6264646.6

MPC Shell 433 26426.6 4&8?3459.6
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Table 1 1.2.6

SUMMARY OF INPUTS FOR ADIABATIC CASK HEAT-UP

Minimum Weight of HI-STORM 100 System 300,000
(lb) (overpack and MPC) __

Lower Heat Capacity of Carbon Steel 0.1
(BTU/lb/0F)

Initial Uniform Temperature of Cask (IF) _ 740t

Bnin, aD,.+ Heat-6E9 2&74 I

t The cask is conservatively assumed to be at a uniform temperature that
conservatively bounds all normal storage temperatures. cqual to the maximum fuel
eladding temperature.
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Table 11.2.7

MAXIMUM TEMPERATURES CAUSED BY EXTREME

ENVIRONMENTAL TEMPERATURESt [0F] I

Aee.dent
Location Temperature We

Fuel Cladding 736 (PWR) 405&

785 (BWR)

__ 776

MPC Basket 765 751

MPC Shell 965157

Overpack Air Exit 254261 N/A

Overpack Inner Shell 244 288 350 (eoerepaek
_ _ _ _ _nerete)

Overpack Outer Shell -90 228 350(eveqpaek
_ _neete)

-I ' servanvely bounun. eetzmerAaues rep et
the fuel reds.

dinelue a hpothetcal rupture ef 102- ef I
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Table'l 1.2.8

INIA304RP BOUNDING MPC TEMPERATURES CAUSED BY LOSS OF WATER

FROM THE HI-TRAC WATER JACKET [°F]

Temperature Normal Calculated Without Aeeident
Location W- ater in Water Condition Design

Jacket Tremperature

Fuel Cladding ' 72 745 - M8 761 1058 Jhort term

MPC Basket ' 728 WM 745 950 short'tcrr

MPC Basket 600 620 642 630 95 0 shot4eim
Periphery

MPC Shell 455 433 - 466 443 -75 shotf tern

TTT TDRA Inner Shell -3_1 -342

Jac;k.t00 nnhrrtrterf

HIT TDRAGC El-e -2-4 - 222 3Ocng- lg t

Shell O uter- Surface __ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _

A~da1 Neutfei3 258 2-64 -300 ongefimg -
Shield+ _T________

Note: 3Aherc it can be shown that the temper-atues are belew the nor-mal long term condition-
limits, the calculated temperatres are compared to the normal long term temperature Imi
foer oanservitism. The corespnding shte e term temperature limits are higherl temperatures
as presented in Table 2.2.3.

t Localmane fie e empefaie

I

I
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K>i
Table 11.2.9

SUMMARY OF BLOCKED AIR INLET DUCT EVALUATION RESULTS

Max. Initial Temperature Rise Transient ShortoTerm
Steady-State (0F) Temperature (f)c Temperature
Tenlp.C(F) at 33 24 at-72 hfs At 2433 at-72-hfs Limit F

hrs: hrs _ _

Fuel Cladding -74G 731 4-04222 4°60 844-953 900 40

MPC Shell. 351 470 484123 250 535593 604- 775
Overpack Inner 4-99 243 443156 4-74 3--22 399 3-73 600
Shell#4

Ovxcepeekr erf 4-51 4-93 286 348 444- 600

Ovefpaek Qutef 44-5 44 40 4-59 4S4 600
Shell ___d

Concrete Section 472 183 7953 441- 254236 314 350
Average _

eConseratively bounding temperatures reported includes a hypothetical rupture of 10% of |
the-3fuel -es

* Coincident with location of initial maximum.

*F Coincident with active ftiel axial mid height

HI-STORM FSAR
REPORT HI-2002444

Proposed Rev. 2C

11.2-52



Table 11.2.10

MUPC PRESSURES UNDER A POSTULATED FUEL HEATUP FROMNORPMAL
TEMPERA TURES TO ACCIDENT LIMIT (1058°F)

MPC Normal Condition Accident Pressure2  Design
Pressure

(From
Chapter 2,

Table 2.2.3)

MPC Absolute Absolute (P) Gage [psi] Gage [psi]
Average Pressure (Pd [psia]

Temperature [psia]
~ C~o) r~y i(Table 4.4.26)

APC-24 479 112.6 182.0 167.3 200
APC-24E 479 112.6 182.0 167.3 200
M4PC-32 472 111.7 181.9 167.2 200
MAPC-68 474 112.0 182.0 167.3 200

2 Conservatively assuming the MPC is heatedfrom T0 to a uniform maximum of 1058°F, thefinal gas pressure is
computed by Ideal Gas Law as: P = P0 (1058 + 460)/(T, + 460).
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12.1 PROPOSED OPERATING CONTROLS AND LIMITS

12.1.1 NUREG-1536 (Standard Review Plan) Acceptance Criteria

12.1.1.1 This portion of the FSAR establishes the commitments regarding the HI-STORM
100 System and its use. Other 1OCFR72 [12.1.2] and 10CFR20; [12.1.3]
requirements in addition to the Technical Specifications may apply. The
conditions for a general license holder found in 1OCFR72.212 [12.1.2] shall be
met by the licensee prior to loading spent fuel into the HI-STORM 100 System.
The general license conditions governed by 1OCFR72 [12.1.2] are not repeated
with these Technical Specifications: Licensees are required to comply with all
commitments and requirements.

12.1.1.2 The Technical Specifications provided in Appendix A to CoC 72-1014 and the
authorized contents and design features provided in Appendix B to CoC 72-1014
are primarily established to maintain subcriticality, confinement boundary and
intact fuel cladding integrity, shielding and radiological protection, heat removal
capability, and structural integrity under normal, off-normal and accident
conditions. Table 12.1.1 addresses each of these conditions respectively and
identifies the appropriate Technical Specification(s) designed to control the
condition. Table 12.1.2 provides the list of Technical Specifications for the HI-
STORM 100 System. -
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Table 12.1.1

IHI-STORM 100 SYSTEM CONTROLS

Condition to be Controlled Applicable Technical Specificationst

Criticality Control Refer to Appendix B to Certificate of Compliance-72
. 10!i for fuel spificati at

3.3.1 Boron Concentration
Confinement Boundary and 3.1.1 Multi-Purpose Canister (MPC)
Intact Fuel Cladding Integrity 3.1.4 Supplemental CoolingSystem

56 Fuel Cladding Oxide Thickness Evaluation
-Program

(CpccG 72 1i011I APp- Design

Shielding and Radiological Refer _ Appendix B to Certificate of C- Hane-72-
Protection 10114 for --elspeGei ioEn and design fea

3.1.1 Multi-Purpose Canister (MPC)
3.1.3 Fuel Cool-Down
3.2.1 TRANSFER CASK Average Surfaie Dose

Rates
3.2.2 TRANSFER CASK Surface Contamination
3.2.3OVERPACK Average Surface Dose Rates
5.7 Radiation Protection Program

Heat Removal Capability HertoAppendixBtoCertifi

3.1.1 Multi-Purpose Canister (MPC)
3.1.2 SFSC Heat Removal System
3.1.4 Supplemental Cooling System

Structural Integrity 3.5 Cask Transfer Facility (CTF) (Ce72 4Oi
-p pe n Des gn-Feaftues)

5.5 Cask Transport Evaluation Program

t Technical Specifications are located in Appendix A to CoC 72-1014.Authorizedcontents arespecifzedinFSAR
Section 2.1.9
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Table 12.1.2

HI-STORM 100 SYSTEM TECHNICAL SPECIFICATIONS

NUMBER TECHNICAL SPECIFICATION
1.0 USE AND APPLICATION

1.1 Definitions
1.2 Logical Connectors
1.3 Completion Times
1.4 Frequency

2.0 Not Used. Refer to Appendix B to CoC 72 1014 for fuel specifications.

3.0 LIMITING CONDITION FOR OPERATION (LCO) APPLICABILITY
SURVEILLANCE REQUIREMENT (SR) APPLICABILITY

3.1.1 Multi-Purpose Canister (MPC)
3.1.2 SFSC Heat Removal System
3.1.3 Fuel Cool-Down
3.1.4 Supplemental Cooling System
3.2.1 442ANSFER CASK Averago Surface Dose RatesDeleted
3.2.2 TRANSFER CASK Surface Contamination
3.2.3 OVE;RPACK Ahrags Surface Dosc RatesDeleted
3.3.1 Boron Concentration
Table 3-1 MPC Medel DependeatCavity Drying Limits
Table 3-2 MPC Helium Backfill Limits

4.0 Not Used. Refer to Appendix B to CoC 72 1014 for design features.

5.0 ADMINSTRATIVE CONTROLS AND PROGRAMS

5.1 Deleted

5.2 Deleted

5.3 Deleted

5.4 Radioactive Effluent Control Program

5.5 Cask Transport Evaluation Program

5.6 Fuel Cladding Oxide Thickness Evaluation ProegrmDeleted

5.7 Radiation Protection Program

Table 5-1 TRANSFER CASK and OVERPACK Lifting Requirements

I

I

I

I

I

I
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12.2 DEVELOPMENT OF OPERATING CONTROLS AND LIMITS

This section provides a discussion of the operating controls and limits, and training requirements
for the HI-STORM 100 System to assure long-term performance consistent with the conditions
analyzed in this FSAR. In addition to the eontrols and limits provided in the Tcehnical
Specifications contained in Appendix A to Certificate of Compliance 72 1011 and the Approved
Contents and Design Featurcs in Appendix B to Czrtifieate of Compliance 72 1011, the licensee
shall ensure that the following trainig and dr-y Fun activte are performed.

12.2.1 Training Modules . . .i . -1

Training modules are to be developed under the licensee's training program to require a
comprehensive, site-specific training, assessment, and qualification (including periodic re-
qualification) program for the operation and rmaintenance of the HI-STORM 100 Spent Fuel
Storage Cask (SFSC) System and the Independent Spent Fuel Storage Installation (ISFSI). The
training modules shall include the following elements, at a minimum:

1. HI-STORM 100 System Design (overview);

2. ISFSI Facility Design (overview);

3. Systems, Structures, and Components Important to Safety (overview)

4. HI-STORM 100 System Final Safety Analysis Report (overview);

5. NRC Safety Evaluation Report (overview);

6. Certificate of Compliance conditions;

7. HI-STORM 100 Technical Specifications, Approved Contents, Design Features and other
Conditions for Use;

8. HI-STORM 100 Regulatory Requirements (e.g., 1OCFR72.48, I0CFR72, Subpart K,
1OCFR20, 1OCFR73);

9. Required instrumentation and use;

10. Operating Experience Reviews
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11. HI-STORM 100 System and ISFSI Procedures, including

* Procedural overview
* Fuel qualification and loading
* MPC /HI-TRAC/overpack rigging and handling, including safe load pathways
* MPC welding operations
* HI-TRAC/overpack closure
* Auxiliary equipment operation and maintenance (e.g., draining, moisture removal,

helium backfilling, supplemental cooling, and cooldown)
* MPC/HI-TRAC/overpack pre-operational and in-service inspections and tests
* Transfer and securing of the loaded HI-TRAC/overpack onto the transport vehicle
* Transfer and offloading of the HI-TRAC/overpack
* Preparation of MPC/HI-TRAC/overpack for fuel unloading
* Unloading fuel from the MPCIHI-TRAC/overpack
* Surveillance
* Radiation protection
* Maintenance

Security
* Off-normal and accident conditions, responses, and corrective actions

12.2.2 Dry Run Trainina

A dry run training exercise of the loading, closure, handling, and transfer of the HI-STORM 100
System shall be conducted by the licensee prior to the first use of the system to load spent fuel
assemblies. The dry run shall include, but is not limited to the following:

1. Receipt inspection of HI-STORM 100 System components.

2. Moving the HI-STORM 100 MPC/HI-TRAC into the spent fuel pool.

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

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

5. Locating specific assemblies and placing assemblies into the MPC (using a dummy fuel
assembly), including appropriate independent verification.

6. Remote installation of the MPC lid and removal of the MPC/HI-TRAC from the spent
fuel pool.

7. Replacing the HI-TRAC pool lid with the transfer lid (HI-TRAC 100 and 125 only).

8. MPC welding, NDE inspections, hyPfestatirpressure testing, draining, moisture
removal, and helium backfillin l ing (for which a mockup may be used).
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9. HI-TRAC upending/downending on the horizontal transfer trailer or other transfer
device, as applicable to the site's cask handling arrangement.

10. Placement of the HI-STORM 100 System at the ISFSI.

11. HI-STORM 100 System unloading, including cooling fuel assemblies, flooding the MPC
cavity, and removing MPC welds (for which a mock-up may be used).

12. Installation and operation of the Supplemental Cooling System.

12.2.3. Functional and Operating Limits. Monitoring Instruments, and Limiting Control
Settings

The controls and limits apply to operating parameters and conditions which are observable,
detectable, and/or measurable.' The HI-STORM 100 System is completely passive during
storage and requires no monitoring instruments. The user may choose to implement a
temperature monitoring system to verify operability of the overpack heat removal system-in
accordance with Technical Specification Limiting Condition for Operation (LCO) 3.1.2.

12.2.4 Limiting Conditions for Operation

Limiting Conditions for Operation specify the minimum capability or level of performance that
is required to assure that the HI-STORM-100 System can fulfill its safety functions.

12.2.5 Equipment

The HI-STORM 100 System and its components have been analyzed for specified normal, off-
normal, and accident conditions, including extreme environmental conditions. Analysis has
shown in this FSAR that no credible condition or event prevents the HI-STORM 100 System
from meeting its' safety -function. As a'result, there is no threat to public health and safety from
any postulated 'accident condition or analyzed event. When all equipment is loaded, tested, and
placed into storage in accordance with procedures developed for the ISFSI, no failure of the
system to perform its safety function is expected to occur.

12.2.6 Surveillance Requirements

The analyses provided in this FSAR show that the HI-STORM 100 System fulfills'its safety
functions, provided that the Technical Specifications in Appendix A to CoC 72 1011 and the
Authorized Contents and Design Fcaturez in 1AppeidE B to CoC 72 10llaescribed in Section
2.1.9 are met. Surveillance requirements during loading, unloading, and storage operations are
provided in the Technical Specifications.

12.2.7 Design Features

This section describes HI-STORM 100 System design features that are Important to Safety.
These features require design controls and fabrication controls. The design features, detailed in
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I

this FSAR and in Appendix B to CoC 72-1014, are established in specifications and drawings J

which are controlled through the quality, assurance program. Fabrication controls and
inspections to assure that the HI-STORM 100 System is fabricated in accordance with the design
drawings and the requirements of this FSAR are described in Chapter 9.

12.2.8 MPC

a. Basket material composition, properties, dimensions, and tolerances for criticality control.

b. Canister material mechanical properties for structural integrity of the confinement
boundary.

c. Canister and basket material thermal properties and dimensions for heat transfer control.

d. Canister and basket material composition and dimensions for dose rate control.

12.2.9 HI-STORM Overpack

a HI-STORM overpack material mechanical properties and dimensions for structural
integrity to provide protection of the MPC and shielding of the spent nuclear fuel
assemblies during loading, unloading and handling operations.

b. HI-STORM overpack material thermal properties and dimensions for heat transfer control.

c. HI-STORM overpack material composition and dimensions for dose rate control.

12.2.10 Verifyinj Compliance with Fuel Assembly Decay Heat. Burnup. and Cooling
Time Limits

The examples below execute the methodology and equations described in Section 2.1.9.1 for
determining allowable decay heat, burnup, and cooling time for the approved cask contents.

Example I

In this example a demonstration of the use of burnup versus cooling time tables for regionalized
fuel loading is provided. In this example it will be assumed that the MPC-32 is being loaded with
array/class 16x16A fuel in a regionalized loading pattern.

Step 1: Pick a value ofXbetween 1 and 6. For this exampleXwill be 2.8.

Step 2: Calculate qRglon2 using equation 2.1.9.1:

qReglon2 = (2 x 38)/[(1 + (2.8)0.15) x ((12 x 2.8) + 20)1= 0.6543 kW

Step 3: Calculate qRegjon, using equation 2.1.9.2:

This result is arbitrarily rounded to four decimalplaces.
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qRegion I XX qRegion 2 2.8 x 0. 6543 = 1.83204 kW

Step 4: Develop a burnup versus cooling time table. Since this table is enrichment dependent, it
is permitted and advisable'. to create multiple tables for different enrichments. In this
example, two enrichments will be used: 3.1 and 4.185. Tables 12.2.1 and 12.2.2 show the
burnup versus cooling time tables calculatedfor these enrichments for Region 1 and
Region 2 using Equation 2.1.9.3.

Table 12.2.3 provides three hypotheticalfuel assemblies in the 16x1 6A array/class that will be
evaluatedfor acceptabilityfor loading in the MPC-32 example above. The decay heat values in
Table 12.2.3 are calculated by the user.; The other information is taken from the fuel assembly
and reactor operating records.

Fuel Assembly Number 1 is not acceptable for storage because its enrichment is, lower than that
used to determine the allowable burnups in Table 12.2.1 and 12.1.2. The solution is to develop
another table using an enrichment of 3.0 wt.% 235U or less to determine this fuel assembly's
suitabilityfor loading in this MPC-32.

Fuel Assembly Number 2 is not acceptable for loading unless a unique maximum allowable
burnup for a cooling time of 3.3 years is calculated by linear interpolation between the values in
Table 12.2.1 for 3 years and 4 years of cooling. Linear interpolation yields a maximum burnup
of 43,597 MWD/MTLU (rounded down from 43,597.9), making Fuel Assembly Number 2
acceptable for loading only in Region 1 due to decay heat limitations.

Fuel Assembly Number 3 is acceptable for loading based on the higher allowable burnups in
Table 12.2.2, which were calculated using a higher minimum enrichment that those in Table
12.2. 1, which is still below the actual initial enrichment of Fuel Assembly Number 3. Due to its
relatively low total decay heat of 0.5 kW (fuel: 0.4, non-fuel hardware: 0.1), Fuel Assembly
Number 3 may be stored in Region I or Region 2.

Example 2

In this example, each fuel assembly in Table 12.2.3 will be evaluated to determine whether it
may be stored in the same hypothetical MPC-32 in a regionalized storage pattern. Assuming the
same value X: the same maximum fuel storage location decay heats are calculated. Equation
2.1.9.3 is executed for each fuel assembly using its exact initial enrichment to determine its
maximum allowable burnup. Linear interpolation is used to further refine the maximum
allowable burnup value between cooling times, if necessary.

Fuel Assembly Number 1: The calculated allowable burnup for 3. 0 wt. % 233U and a decay heat
value of 1.83204 kW (qregion,) is 52,637 MWD/MITU at 4 years minimum cooling. Its decay heat
is too high for loading in Region 2. Comparing the fuel assembly burnup and total decay heat of
the contentst (fuel (1. 01 kIT) plus non-fuel hardware (0. 5 kIff)) to the calculated limits indicates
that the fuel assembly, including the non-fuel hardware, is acceptablefor storage in Region 1.

t The assumption is made that the non-fuel hardware meets the burnup and cooling time limits in Table 2.1.25.
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Fuel Assembly Number 2: The calculated allowable burnup for 3.2 wt.% 235Uand a decay heat
value of 1. 83204 kW (qregion,) is 39,844 MWD/MTUfor 3 years cooling and 53,195 MWD/MTU
for 4 years cooling. Linearly interpolating between these valuesfor a cooling time of 3.3 years
yields a maximum allowable burnup of 43,849 MWD/MTJU and, therefore, the assembly is
acceptable for storage in Region 1. This fuel assembly's decay heat is also too high for loading
in Region 2.

Fuel Assembly Number 3: The calculated allowable maximum burnup for 4.3 wt.% 235U and a
decay value of 0.6543 (qregio,2) is 48,891 MWD/MTUfor 18 years cooling. Comparing the fuel
assembly burnup and total decay heat of the contents (fuel plus non-fuel hardware) against the
calculated limits indicates that the fuel assembly and non-fuel hardware are acceptable for
storage. Therefore, the assembly is acceptablefor storage in Region 2. Thisfuel assembly would
also be acceptable for loading in Region I (this conclusion is inferred, but not demonstrated).
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S'able 12.2.1

EXMMPLEBURNUP VERSUS COOLING TIME LIMITS FOR REGIONALIZED LOADING
(APC-32, Array/Class 16x16A, X 2.8, and Enrichmient = 3.1 wt.% 2 35 L7

(qRei , i= 1.83204 kW, qRiegon2 = 0.6543 k09

MINIMUM ,MAXIMUM MAXIMUMCOOINGW ALLOWABLE ALLOWABLE
COOLTNG BURNUPIN BURNUPIN

'TIME REGION)I REGION2
(years) ( 0MM) f (M"IDMTU)

Ž3 39604 13568
Ž4 52917 21040
Ž5 61912. 27028
Ž6 68200 31446
_7 68200 34520
Ž8 68200 36814
Ž9 68200 38588
Ž10 68200 40059
>11 68200 41280
Ž12 68200 42375
Ž13 68200 43349
Ž14 68200 44263
Ž15 68200. 45144
Ž16 68200 45991
Ž17 , 68200 46809
Ž18 68200 47628
Ž19 68200 48433
_20 68200 49247
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Table 12.2.2

EXAMPLEBUVRNUP VERSUS COOLING TIAELIMITS FOR REGIONALIZED LOADING
(AMPC-32, Array/Class 16x16A, X= 2.8, and Enrichment =4.185 wt.% 235S

(qRegon' = 1.83204 kW, qRRon 2 = 0. 6543 kJf9

MINIMUM MAXIMIUM MAXIMUM
COOLING ALLOWABLE ALLOWABLE

TIME BURNUP 1N BURNUPIN
(years) REGION 1 REGION 2

(MWD/MTU) (M"IMTU)
>3 42060 14019
>4 55800 21814
>5 65028 27883
Ž!6 68200 32304
_>7 68200 35386
>8 68200 37695
>9 68200 39482

>10 68200 40989
>11 68200 42247
>12 68200 43365
Ž13 68200 44377
Ž14 68200 45326
>15 68200 46237
>16 68200 47115
_17 68200 47947
>18 68200 48796
Ž19 68200 49629
'20 68200 50466
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Table 12.2.3

SAMPLE CONTENTS TO DETERMWNE ACCEPTABILI7Y FOR STORAGE
(Array/Class 16x16A)

FUEL FUEL FUEL NON-FUEL NFH
FUEL ENRICHMENT ASSEMBLY ASSEMBLY ASSEMBLY HARDWARE DECA

ASSEMBLY ENR M235E B URNUP COOLING DECAY STORED HEA
NUMBER (wL % 33 (MWD/fT TIME HEAT WITH

o (years) (kFF? ASSEMBLY (kIJ9
1 3.0 37100 4.7 1.01 BPRA 0.5_
2 3.2 40250 3.3 1.75 NA NA _
3 4.3 41976 18.2 0.4 BPRA 0.1 ]
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- -SFSC Heat Removal System
B 3.1.2

B 3.1 SFSC Integrity

B 3.1.2 SFSC Heat Removal System

BASES

BACKGROUND _i The 'SFSC Heat Removal System is a passive, air-cooled,
convective heat transfer system whiGh-that ensures heat from
the MPC canister is'transferred to the 'environs by the chimney
effect. Relatively cool air is drawn into the annulus between
the OVERPACK and the MPC through the feur-inlet air ducts at
the bottom of the OVERPACK. The MPC transfers its heat
from the canister surfce to the air via natural convection. The
buoyancy created by the heating of the air creates a chimney
effect and the air is forced back into the environs through the
fvu:-outlet air ducts at the top of the OVERPACK.

APPLICABLE The thermal analyses of the SFSC take credit for the decay
SAFETY heat from the spent fuel assemblies being ultimately transferred
ANALYSIS to the ambient environment surrounding the OVERPACK.

Transfer'of heat away from-the fuel assemblies ensures that
the fuel cladding and other SFSC component temperatures do
not exceed applicable limits. Under normal storage conditions,
the fourinlet and feif-outlet air ducts are unobstructed and full
-air flow (i.e., maximum heat transfer for the given ambient
temperature) occurs.'

Analyses have been performed for the complete obstruction of
'- twehalf, Sweerand f~wall inlet air ducts.' Blockage of two-half

of the inlet air ducts reduces air flow through the OVERPACK
annulus and decreases heat transfer from the MPC. Under
this off-n6rmal conditionperformedfordesign-basis heat load,
no SFSC components, exceed the short term temperature
limits..

Blockage of throo inlet'air ducts furthor roducoc air flow
through the OVERPACK annulus and decreasos heat transfer
fromr the MPC. 'Undr'ithis accident condition, no SFSC
components exceed the short term temperature limits.

(continued)
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SFSC Heat Removal System
B 3.1.2

BASES V>

APPLICABLE
SAFETY
ANALYSIS

(continued)
The complete blockage of all f9uf inlet air ducts stops
normal air cooling of the MPC. The MPC will continue to
radiate heat to the relatively cooler inner shell of the
OVERPACK.. With the loss of normal air cooling, the SFSC
component temperatures will increase toward their respective
short-term temperature limits. The results of this event are
dependent upon the decay heat load of the MPC. Therefore,
tvo analyses were performed. The first analysis was performed
assuming a decay heat load of 28.74 kWat the Amendment I
helium fill pressure. None of the components reach their
temperature limits over the 72-hour duration of the analyzed
event. The second analysis was performed for the MPC-68 at
its design decay heat load of 35.5 kW and the Amendment 2
helium fill pressure. All component temperatures remain below
their respective short term temperature limits up to 24 hours
after event initiation. The MPC-68 analysis provides a bounding
case for all MPC models since it yields the highest component
temperatures. Thoroforo, the limiting component is assumed
to be the fuel cladding.

'<)

LCO The SFSC Heat Removal System must be verified to be
operable to preserve the assumptions of the thermal analyses.
Operability of the heat removal system ensures that the decay
heat generated by the stored fuel assemblies is transferred to
the environs at a sufficient rate to maintain fuel cladding and
other SFSC component temperatures within design limits.

The intent of this LCO is to address those occurrences of air
duct blockage that can be reasonably anticipated to occurfrom
time to time at the ISFSI (i.e., Design Event I and 11 class
events per ANSI/ANS-57.9). These events are of the type
where corrective actions can usually be accomplished within
one 8-hour operating shift to restore the heat removal system
to operable status (e.g., removal of loose debris).

(continued)
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SFSC Heat Removal System
B 3.1.2

BASES

LCO
(continued) This LCO is not intended to address low frequency,

unexpected Design Event IlIl and IV class events such as
design basis accidents and extreme environmental phenomena
that could potentially block one or-more of the air ducts for an
extended period of time (i.e.,' longer than the total Completion
Time of the LCO). This class of events is addressed site-
specifically as required by Section 3.4.9 of Appendix B to the
CoC.

APPLICABILITY The LCO is applicable during STORAGE OPERATIONS.
Once an OVERPACK-containing an MPC loaded with spent
fuel has been placed in storage, the heat removal system must
be operable to ensure adequate heat transferdissipation of the
decay heat away-from the fuel assemblies.

ACTIONS A note has been added to the ACTIONS which states that, for
this LCO, separate Condition entry is allowed for each SFSC.
This is acceptable since the Required Actions for each
Condition provide-appropriate compensatory measures for
each SFSC ntot meeting the LCO.* Subsequent SFSCs that
don't meet the LCO are' governed by subsequent Condition
entry and application of associated Required Actions.

A.1

If the heat removal system has been determined to be
inoperable,, it must be restored to operable status within eight
hours. Eight hours is a reasonable period of time (typically,
one operating shift) to take action to remove the obstructions in
the airflow path. .'

' '';> -' ' - (continued)

I
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SFSC Heat Removal System
B 3.1.2

BASES

ACTIONS
(continued) B.1

If the heat removal system cannot be restored to operable
status within eight hours, the- innermost portion of the
OVERPACK concrete may experience elevated temperatures.
Therefore, Survoillanco Rcquiromont (SR) 3.2.3.1dose rates-is
are required to be performed measuredto detemin.e-ve i Ilthe
effectiveness of the radiation shielding provided by the
concrete. This SR-Action must be performed immediately and |
repeated every twelve hours thereafter to provide timely and
continued evaluation of whether -the effectiveness of the
concrete iG providing adequate shielding. As necessary, the
cask user shall provide additional radiation protection
measures such as temporary shielding. The Completion Time
is reasonable considering the expected slow rate of
deterioration, if any, of the concrete under elevated
temperatures.

B.2.1

In addition to Required Action B.1, efforts must continue to
restore cooling to the SFSC. Efforts must continue to restore
the heat removal system to operable status by removing the air
flow obstruction(s) unless optional Required Action B.2.2 is
being implemented.

This Required Action must be complete in 48-64 hours if the
decay heat load of the MPC is less than or equal to 28.74 kW
or within 16 hours if the decay heat load of the MPC is greater
than 28.74 kW. These Completion Times are consistent with
the two thermal analyses of this event, which show that all
component temperatures remain below their short-term
temperature limits up to 72 or 24 hours after event initiation, for
MPC heat loads of 28.74 and the highest authorized heat load
of 41.422 38 kW, respectively. The 35.5 kW case analyzed for
MPC-68 bounds the 38 kW case for the PWR MPCs.

(continued)
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SFSC Heat Removal System
B 3.1.2

BASES

ACTIONS

C I

B.2.1 (continued)

The two Completion Times reflects the 8 hours to complete
Required Action A.? 1 and the appropriate balance of time
consistent with the applicable analysis results. In each case,
the event is assumed to begin at the time the SFSC heat
removal system ris declared inoperable. This is reasonable
considering the low probability of all inlet or outlet ducts
becoming simultaneously blocked by trash or debris. a
c^nsor'ative total time period witheut any cooling of 80 her s-,
assuming all of the inlet air ducts become blocked immediately
aftor the, lat previous successful Survoillanco. Tho results of
the thermal analysis of this accident show that the fuel cladding
temperature does not reach its short term tomperaturo limit for
more than ,72 hours. It is also unlikely that an unforseon event
could cueg compnleteblo lcage, ef all four air inlet ducts
immediately after the last successful Surpeillance.

B.2.2

In lieu of implementing Required Action B.2.1, transfer of the
MPC into a TRANSFER CASK will place the MPC in an
analyzed condition and ensure adequate fuel cooling until
actions to correct the heat removal system inoperability can be
completed. Transfer ofthe MPC into a TRANSFER CASK
removes the SFSC from the LCO Applicability since STORAGE
OPERATIONS does not include times when the MPC resides
in the TRANSFER CASK. In this case, the requirements of
CoC Appendix A, LCO 3.1.4 apply..

An engineering evaluation must be performed to determine if
any concrete deterioration has occurred which prevents it from
performing its design function. If the evaluation is successful
and the air flow obstructions -have been cleared, the
OVERPACK heat jernoval system. may be considered
operable and the MPC transferred back into the OVERPACK.
Compliance with LCO 3.1.2 is then restored. If the evaluation
is unsuccessful,--the user must transfer the MPC into a
different, fully'qualified OVERPACK to resume STORAGE
OPERATIONS and restore compliance with LCO 3.1.2

- -- (continued)
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SFSC Heat Removal System
B 3.1.2

BASES

ACTIONS
B.2.2 (continued)

In lieu of performing the engineering evaluation, the user may
opt to proceed directly to transferring the MPC into a different,
fully qualified OVERPACK or place the TRANSFER CASK in
the spent fuel pool and unload the MPC.

The' Completion Times of 4&-64 and 16 hours reflects the
Completion Times from Required Action B.2.i to ensure
component. temperatures remain below their short-term
temperature limits for the respective decay heat loads. a
Gensewative-etal-time period without any Gooling of 80 hGursT
assuminga~llftheinlet-aiFurts beome blocked immediatel
-afrwho laRt preyi"u s ssful SuiveI1anGe-The results-Gf
theherml-a s fthis accident shw thatthefimel-adding

e edts hort tem tempeFature- imit-fer
m o4hae 2heuss-its allkesyo hat-arn-unforeseen
event couldrcause comp~eeloke -all four airmnot-uc
immediatelyfafterfheast-suGcessfu-SurveillanGe-

SURVEILLANCE SR 3.1.2.1
REQUIREMENTS

The long-term integrity of the stored fuel is dependent on the
ability of the SFSC to reject heat from the MPC to the
environment There are two options for implementing SR
3.1.2.1, either of which is acceptable for demonstrating that the
heat removal system is OPERABLE.

Visual observation that all fbuF inlet and outlet air ducts are
unobstructed ensures that air flow past the MPC is occurring
and heat transfer is taking place. Complete blockage of any
one or more inlet or outlet air ducts renders the heat removal
system inoperable and this LCO not met. Partial blockage of
one or more inlet or outlet air ducts does not constitute
inoperability of the heat removal system. However, corrective
actions should be taken promptly to remove the obstruction
and restore full flow through the affected duct(s).

(continued)
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SFSC Heat Removal System
B 3.1.2

BASES

SURVEILLANCE
REQUIREMENTS

SR 3.1.2.1 (continued)

As an alternative, for OVERPACKs with air temperature
monitoring instrumentation installed in the outlet air ducts, the
temperature rise between ambient and the OVERPACK air
outlet may be monitored to verify operability of the heat
removal system. Blocked inlet or outlet air ducts will reduce air
flow and increase the temperature rise experienced by the
air as it removes heat from the MPC. Based on the analyses,
provided the air temperature rise is less than the limits stated in
the SR, adequate air flow and, therefore, adequate heat
transfer is occurring to provide assurance of long term fuel
cladding integrity. The reference ambient temperature used to
perform this Surveillance shall be measured at the ISFSI
facility.

The Frequency of 24 hours is reasonable based on the time
necessary for SFSC components to heat up to unacceptable
temperatures assuming design basis heat loads, and allowing
for corrective actions to take place upon discovery of blockage
of air ducts.

REFERENCES 1. FSAR Chapter 4
2. FSAR Sections 11.2.13 and 11.2.14
3. ANSIIANS 57.9-1992
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Supplemental Cooling System
B 3.1.4

B 3.1 SFSC Integrity

B 3.1.4 Supplemental Cooling System

BASES

BACKGROUND The Supplerniental Cooling System (SCS) is an active, water
cooling system that provides augmented heat removal from the
MPC to ensure fuel cladding temperatures remain below the
applicable limit during onsite transport operations in the
TRANSFER CASK. The system is required for all MPCs
meeting the bumup, heat load, and TRANSFER CASK
orientation combinations specified in the Applicability of the
LCO.p

APPLICABLE The thermal analyses of the MPC inside the TRANSFER
SAFETY CASK take credit for the operation of the SCS under certain
ANALYSIS conditions to' ensure that the spent fuel cladding temperature

remains below the applicable limit. FSAR Section 4.5 describes
these analyses in more detail. For MPCs containing all
moderate bumup fuel 'U 45,000 MWD/MTU), SCS operation is
only required during onsite transportation if the heat load is
above the analyzed value and the TRANSFER CASK is in the
horizontal orientation, because the fuel cladding temperature
could exceed limit of 1058°F for moderate bumup fuel (Refs. 2
and 3). The TRANSFER CASK is considered to be horizontal
any time it is significantly off of the vertical position.

For high~ burnup fuel,,' the fuel cladding' temperature limit is
400CC (752'F)' during onsite transportation. For MPCs
containing one or more high burnup fuel assemblies, the SCS
has been credited in the thermal analysis at higher heat loads
in order to meet the lowerfuel cladding temperature limit. In the
vertical orientation, the MPCITRANSFER CASK assemblage is
able to reject heat at a higher rate than in the-horizontal
orientation. The thermal analysis has established certain
7threshold" heat loads for each TRANSFER CASK orientation
at or beyond which the SCS is required for MPCs containing
one or more high bumup fuel assemblies.

(continued)
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Supplemental Cooling System
B 3.1.4

BASES

LCO The Supplemental Cooling System must-be operable if the
MPC/TRANSFER cask assemblage meets one of the following
conditions in the Applicability portion of the LCO in order to
preserve the assumptions made in the thermal analysis. Due to
differences in heat rejection capability, different requirements
apply based on the physical orientation of the TRANSFER
CASK.

APPLICABILITY The LCO is applicable within 4 hours after completion of MPC
drying operations in accordance with LCO 3.1.1 or within 4
hours oftransferring the MPC into the TRANSFER CASKifthe
MPC is to be unloaded, and either of the following sets of
conditions are met:

Set I (Applicability 'a' and 'b' and c.i or c.ii): MPCs having one
or more fuel assemblies with an average bumup greater than
45,000 MWD/MTU and a decay heat load that exceeds one of
the following.

> 23 kWwith the TRANSFER CASKin the vertical orientation,

or

> 19 kW with the TRANSFER CASK in the horizontal
orientation

Set 2: (Applicability 'a' and 'd' and 'e' and 'f'): MPCs having all
fuel assemblies with an average bumup less than or equal to
45,000 MWD/MTU, a 'decay heat load greater than 30 kW, and
the TRANSFER CASK in the horizontal orientation.

(continued)
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Supplemental Cooling System
B 3.1.4

BASES

ADDM IAI IOff1I IV,iultv,
(cont inued) The Applicability is modified by a note stating that, upon

reaching steady state operation, the SCS may be temporarily
disabled for a6shbrt duration (< 7 hours) in order to facilitate
necessary operational evolutions, such as movement of the
TRANSFER CASK through a door or other similar operation.

-This note is acceptable because the thermal analysis shows
that the fuel cladding temperature will not exceed the 4000C
(7520F) temperature lirmit at design basis heat load for over 7
hours, with no water in the TRANSFER CASK-to-MPC
annulus. 'Steadystate"is defined as no significant change in
the SCS water temperature exiting the TRANSFER CASKI.

ACTIONS

: , I

i --

A.1

If the SCS has been determined to be inoperable and the
TRANSFER CASK is in the vertical orientation, the thermal
analysis shows that the fuel cladding temperature would not
exceed the short term temperature limit applicable to an off-
normal condition, even with no waterin the TRANSFER CASK-
to-MPC annulus. Actions should be taken to restore the SCS to
operable'status in a timely manner. Because the thermal
analysis is a steady-state analysis, there is an indefinite period
of time available to make repairs'to the SCS. However, it is
prudent to require the actions to be completed in a reasonably
short period of time. -A Completion Time of _7' days is
considered appmrpriate and a reasonable amount of time to
plan the work, obtain needed parts, and execute the work in a
controlled manner.

(continued)
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Supplemental Cooling System
B 3.1.4

BASES

ACTIONS
(continued) A.2.1 and A.2.2

RequiredActionsA.2. 1 and A.2.2 apply to a TRANSFER CASK
in the horizontal orient'ation. RequiredAction A.2. 1 requires the
TRANSFER CASKtobe rotatedto the vertical condition, which
puts the TRASNFER CASK and MPC in an analyzed condition
as described in Required Action A. 1. The Completion Time of
24 hours forRequired Action A.2. 1 is based upon the thermal
analysis of the horizontally oriented TRANSFER CASK with
water in the' annulus, which will be the case if the SCS fails.
Required Action A.2.2 is identical to Required Action A. I and
ensures adequate fuel cooling for an indefinite period of time
while actions are under way to restore the SCS to operable
status.

B.1

If, after 7 days, the SCS cannot be restored to operable status,
actions should be taken to remove the fuel assemblies from the
MPC and place 'them back into the spent fuel pool storage
racks. Thirty days is considered a reasonable time frame given
that the MPC will be adequately cooled while this action is
being planned and implemented, and certain equipment for this
infrequent evolution (e.g., weld cutting machine) may take
some time to acquire.

(continued)

HI-STORM FSAR
REPORT HI-2002444

Proposed Rev. 2C
B 3.1.4-4



Supplemental Cooling System
B 3.1.4

BASES

SURVEILLANCE
REQUIREMENTS SR 3.1.4.1

The long-term integrity of the stored fuel is dependent on the
ability of the SFSC to reject heat from the MPC to the
environment, including during short-term evolutions such as
on-site transportation in the TRANSFER CASK. The SCS is
required to ensure adequate fuel cooling in certain cases. The
SCS should be verified to be operable every two hours. This
would involve verification that the water flow rate and
temperatures are within expected ranges and the pump and air
cooler are operating as expected. This is a reasonable
Frequency given the typical oversight occurring during the on-
site transportation evolution, the duration of the evolution, and
the simple equipment involved.

REFERENCES 1. FSAR Section 4.5
2. NRC Interim Staff Guidance 11, Rev. 3
3. NRC Memorandum, C. Brown to M. W. Hodges, January

29, 2004
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