TRANSNUCLEAR

AN AXREVA COMPANY

December 15, 2008
E-27377

U. S.-Nuclear Regulatory Commission
Attn: Document Control Desk .

One White Flint North

11555 Rockville Pike

Rockville, MD 20852

Subject: Revision 1 to Transnuclear, Inc. (TN) Application for Amendment 1 to the
NUHOMS® HD System, Response to Request for Additional Information
(Docket No. 72-1030; TAC NO. L24153)

Reference:  Letter from B. Jennifer Davis (NRC) to Donis Shaw (TN), “REQUEST FOR
ADDITIONAL INFORMATION FOR REVIEW OF AMENDMENT 1 TO THE
NUHOMS® HD SYSTEM (TAC NO. L24153), INCLUDING UPDATED REVIEW
SCHEDULE,” November 14, 2008

This submittal provides responses to the request for additional information (RAI) forwarded by
the referenced letter. Enclosure 2 herein provides each of the NRC staff RAI followed by a TN
response. Enclosure 3 provides a list of proposed NUHOMS® HD Technical Specifications (TS)
and Updated Final Safety Analysis Report (UFSAR) pages that changed and are included herein.

Enclosure 4 provides TS and UFSAR Amendment 1 new and replacement pages. Inboththe TS
and the UFSAR, Amendment 1 Revision 0 changes and Amendment 1 Revision 1 changes are
shown, using italicized text and revision bars; however, Revision 1 changes are shaded to
distinguish them from Revision 0 changes. Forthe UFSAR, page footers for new and replacement
pages are annotated as "Amendment 1, Rev. 1, 12/08.”

This submittal includes proprietary information in Enclosures 4 and 7 which may not be used for
any purpose other than to support your staff's review of the application. In accordance with 10
CFR 2.390, | am providing an affidavit (Enclosure 1) specifically requesting that you withhold this
proprietary information from public disclosure. This submittal also includes security-related
information. Accordingly, Enclosure 5 provides a public version of the TS and UFSAR Amendment
1, Revision 1 changed pages.

Should the NRC staff require additional information to support review of this application, please do
not hesitate to contact Mr. Don Shaw at 410-910-6878 or me at 410-910-6930.

Sincerely,

J2r P

Robert Grubb
Senior Vice President - Engineering

. /. l
7135 Minstrel Way, Suite 300, Columbia, MD 21045 L \‘)ﬁ:
Phone: 410-910-6900 ¢ Fax: 410-910-6902 “\\%5
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B. Jennifer Davis (NRC SFST) (six paper copies of this cover letter and Enclosures 1

cc:
through 4, plus one copy. of Enclosures 6 and 7, all provided separately)
Enclosures:
1. Affidavit Pursuant to 10 CFR 2.390
2. RAIl Responses
3. List of Changed Pages for CoC 1030 Amendment 1 Application Revision 1
4. NUHOMS® HD Amendment 1 Application Revision 1, Changed and New Proposed
Technical Specifications and Proposed Updated Fmal Safety AnaIyS|s Report Pages
(Proprietary Version)
5. NUHOMS® HD Amendment 1 Application Rev15|on 1, Changed and New Proposed
Technical Specifications and Proposed Updated Final Safety Analysis Report Pages
(Public Version)
6. Listing of the Files Contained in Enclosure 7
7. Computer Disc Containing Input and Output Files (Proprietary)
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Enclosure 1 to TN E-27377

AFFIDAVIT PURSUANT
- TO 10 CFR 2.390

Transnuclear, Inc. )
State of Maryland ) SS.
County of Howard )

I, Robert Grubb, depose and say that I am Senior Vice President of Transnuclear, Inc. (TN), duly
authorized to execute this affidavit, and have reviewed or caused to have reviewed the information which is
identified as proprietary and referenced in the paragraph immediately below. Iam submitting this affidavit in
conformance with the provisions of 10 CFR 2.390 of the Commission’s regulations for withholding this
information,

The information for which proprietary treatment is sought is contained in Enclosures 4 and 7, and is
listed below:

SAR Drawing 10494-72-5, Revision 3A

SAR Drawing 10494-72-17, Revision 3A

SAR Drawing 10494-72-2003-SAR, Revision 1A

Portions of SAR Chapter 5 which provide a SAS2H Input File for Fuel Qualification
Certain Computer Input and Output Files for Thermal Analyses

bl e

These documents have been appropriately designated as proprietary.

I have personal knowledge of the criteria and procedures utilized by Transnuclear, Inc. in designating
information as a trade secret, privileged or as confidential commercial or financial information.

Pursuant to the provisions of paragraph (b) (4) of Section 2.390 of the Commission’s regulations, the
following is furnished for consideration by the Commission in determining whether the information sought to
be withheld from public disclosure, included in the above referenced document, should be withheld.

1) The information sought to be withheld from public disclosure involves changed safety
analysis report drawings related to the analysis of dry storage systems, changed safety
analysis report pages related to the shielding analyses of dry storage systems, plus computer
input and output files associated with thermal analyses which are owned and have been held
in confidence by Transnuclear, Inc.

2) The information is of a type customarily held in confidence by Transnuclear, Inc. and not
customarily disclosed to the public. Transnuclear, Inc. has a rational basis for determining
the types of information customarily held in confidence by it.

3) The information is being transmitted to the Commission in confidence under the provisions
of 10 CFR 2.390 with the understanding that it is to be received in confidence by the
Commission.

4) The information, to the best of my knowledge and belief, is not available in public sources,

and any disclosure to third parties has been made pursuant to regulatory provisions or
proprietary agreements which provide for maintenance of the information in confidence.

5) Public disclosure of the information is likely to cause substantial harm to the competitive
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position
a)

b)

c)

d)

Further the deponent sayeth not.

Subscribed and sworn to

My Commission Expires 10 / 14 /2012

Enclosure 1 to TN E-27377

of Transnuclear, Inc. because:

A similar product is manufactured and sold by competitors of Transnuclear, Inc.
~N

Development of this information by Transnuclear, Inc. required expenditure of

considerable resources. To the best of my knowledge and belief, a competitor

would have to undergo similar expense in generating equivalent information.

In order to acquire such information, a competitor would also require considerable
time and inconvenience related to the development of a design and analysis of a dry
spent fuel storage system.

- The information required significant effort and expense to obtain the licensing -

approvals necessary for application of the information. Avoidance ofthis expense
would decrease a competitor’s cost in applying the information and marketing the
product to which the information is applicable.

The information consists of drawings and computer input and output files
associated with the design and analysis of dry spent fuel storage systems, the
application of which provides a competitive economic advantage. The
availability of such information to competitors would enable them to modify
their product to better compete with Transnuclear, Inc., take marketing or other
actions to improve their product’s position or impair the position of
Transnuclear, Inc.’s product, and avoid developing similar data and analyses in
support of their processes, methods or apparatus.

In pricing Transnuclear, Inc.’s products and services, significant research,
development, engineering, analytical, licensing, quality assurance and other
costs and expenses must be included. The ability of Transnuclear, Inc.’s
competitors to utilize such information without similar expenditure of resources
may enable them to sell at prices reflecting significantly lower costs.

Robert Grubb
Senior Vice President, Transnuclear, Inc.

fore this 15™ day of December, 2008.

Page 2 of 2




- RAI RESPONSES ) Enclosure 2 to TN E-27377

CHAPTER 1 - GENERAL INFORMATION

1.1

1.2

(Technical Specifications (TS)) Expénd and clarify the definition of damaged and
intact fuel assemblies. Include separate definitions for intact and damaged fuel rods in
the proposed TS.

The definitions for intact and damaged fuel assemblies provided in the SAR appear to be
for intact and damaged fuel rods, not fuel assemblies. Interim Staff Guidance Document
1 (ISG-1), Rev. 2, “Classifying the Condition of Spent Nuclear Fuel for Interim Storage
and Transportation Based on Function” provides guidance on acceptable definitions. In
the provided definitions, list specific defects which would still permit an assembly to be
classified as undamaged, and justify accordingly.

The current definitions are not sufficiently precise to categorize the large numbér of
defects which may be observed in a fuel assembly. It is unclear how a fuel assembly
with a missing grid spacer, for example would be categorized under the current
definition.

- This information is needed to determine compliance with 10 CFR 72.236(a).

Response to 1.1

TN had responded to a similar question from the Staff during the initial review and
approval of NUHOMS® HD System [1]. TN’s response to RAI 2-2 [2] clarified the
definition for damaged fuel which was reviewed and accepted by the Staff. That
definition is included in the NUHOMS® HD Technical Specification 1-1. This definition
was used to select and load fuel in the NUHOMS® HD System by various General
Licensees.

TN therefore requests that the existing definition in the NUHOMS® HD Technical
Specification should remain unchanged.

References for RAl Response 1.1

[1]  Letter from Mary Jane Ross-Lee (NRC) to Michael Mason (TN), “REQUEST FOR
ADDITIONAL INFORMATION REGARDING THE TRANSNUCLEAR NUHOMS®
HD HORIZONTAL MODULAR STORAGE SYSTEM (TAC NO. L23738),” dated
December 13, 2004 .

[2] Letter from Michael Mason (TN) to Mary Jane Ross-Lee (NRC), “RAI Response for
the NUHOMS® HD Storage System Docket No. 72-1030 (TAC No. L23738),” dated
February 18, 2005

(Technical Specifications) Clarify which portions of the SAR are incorporated by
reference in the proposed TS.

It is unclear if certain portions of the SAR are intended to be incorporated by reference in
the TS. For example, the footer, “NUHOMS® HD System Technical Specifications,”
denotes pages in the introduction to the SAR which are incorporated into the TS. The
opening page of Section 12 appears to indicate the Operating Controls and Limits are
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RAI RESPONSES Enclosure 2 to TN E-27377

1.3

intended to be part of the TS, but the “Technical Specifications” footer does not appear
on any pages in Section 12. '

This information is needed to assure compliance with 10 CFR 72.44(c).
Response to 1.2

The only SAR sections incorporated by reference in the Technical Specifications are
SAR Chapter 9 Sections 9.1.7.1, 9.1.7.2, 9.1.7.3, 9.5.2, 9.5.3.5, and 9.5.4.3. These
portions are clearly marked in the SAR, using bold text, with text boxes explaining this
approach. TS 4.3.1, “Neutron Absorber Tests,” also makes this clear in its reference to
these SAR sections. '

The original application for approval of the NUHOMS® HD System provided proposed
Techhical Specifications (TS) and TS Bases as Chapter 12 of the Safety Analysis
Report, consistent with NUREG-1536, “Standard Review Plan for Dry Cask Storage
Systems.” Upon approval of Certificate of Compliance (CoC) No. 1030, Amendment 0,
dated January 10, 2007, the TS were listed as Appendix A of the CoC, and were
therefore removed from the SAR with the issuance of Final Safety Analysis Report
(FSAR) Revision 0, dated February 23, 2007. The TS Bases are part of FSAR Chapter
12. Page 12-1 of the SAR has been changed to reflect this history and therefore provide
clarity. .

(SAR Sections 1.2.3, 2.1, etc.) Describe the difference between “fuel types” as
specified in the original FSAR, and “fuel classes” as specified in Amendment 1. Explain
the reason for the change, and the basis for inclusion.

The original approved FSAR specified the 32PTH Dry Shielded Canister (DSC) contents
as “up to 32 intact PWR Westinghouse 15x15... fuel assemblies" (emphasis added).

The application for Amendment 1 specifies the DSC contents as “up to 32 intact PWR
Westinghouse 15x15... class fuel assemblies“(emphasis added). This appears to be a
more inclusive category, and any additional fuel (including future changes or
improvements to existing designs) that could be included under fuel classes should be
described and fully qualified. Rather than selecting the potential worst-case fuel design,
the design-basis limits used to determine whether fuel can be loaded in the future should
be based on the current worst case fuel design.

This information is needed to determine compliance with 10 CFR 72.236(a).
Response to 1.3

The term “fuel type” refers to the individual fuel assembly designs whereas the term “fuel
class” includes various fuel assembly types. The “fuel class” was originally included in
Revision 0 of NUHOMS® HD Technical Specification 2.1.b, 2™ paragraph and in the
original FSAR in Section 2.1 to allow for equivalent reload fuel assemblies that are
enveloped by the fuel assembly design characteristics given in the Technical
Specifications for a given assembly class to be accepted for loading.

All available fuel designs are evaluated and the bounding designs for each class are

utilized in the design basis calculations using fuel assembly and cask models that are
inherently conservative. Therefore, equivalent reload fuel assembly designs that are
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RAI RESPONSES Enclosure 2 to TN E-27377

14

15

covered by the evaluations documented in the UFSAR and whose significant parameters
are bounded by those described in the UFSAR and Technical Specifications are
acceptable for storage in the NUHOMS® HD system.

Technical Specification 1.1 is revised to add a definition of FUEL CLASS.

(Technical Specifications and SAR Sections 1.2.3, 2.1.1, 5.2, etc.) Include the
definition of reconstituted fuel in the TS, Section 1.1. In addition, specify the cooling time
requirements as stated in Section 5.2 of the SAR and in the Table 2 of the TS.

The definition for reconstituted fuel is not included in the TS, and is necessary to
characterize what may be included in a reconstituted fuel assembly. In addition, the
cooling time requirements described in Section 5.2 of the SAR should be included in the
TS, if they are necessary to assure acceptable performance.

This information is needed to determine compliance with 10 CFR 72.236(a).
Response to 1.4

Technical Specification 1.1 is revised to add the following definition for
RECONSTITUTED FUEL ASSEMBLY.

RECONSTITUTED FUEL ASSEMBLY:

A RECONSTITUTED FUEL ASSEMBLY is an INTACT FUEL ASSEMBLY where one or
more fueled rods are replaced by rods containing stainless steel rods, stainless steel
clad rods, low enriched uranium rods or natural uranium rods or Zircalloy (including other
zirconium based alloy) rods or Zircalloy pellets. The nominal volume of the replacement
rods is equivalent to the replaced fueled rods in the active fuel region of the fuel
assembly.

The cooling time requirement applicable to A RECONSTITUTED FUEL ASSEMBLY is
already specified in a footnote to Table 4 (2) of the proposed Technical Specification
consistent with SAR Section 5.2. Also see the response to RAI 2.4.

(SAR Section 1.2.3, Table 2-1, etc.) Describe how WEV 17x17 assemblies, WEO
17x17 assemblies, and ANP Advanced MK BW 17x17 fuel assemblies fit into the fuel
assembly classes that the 32 PTH DSC is designed to store, or explain why they are no
longer included as acceptable contents.

Table 2-1 of the original FSAR includes WEV 17x17 assemblies and WEO 17x17
assemblies. These assemblies were described in Section 1.2.3 of the original SAR, as
included in the Westinghouse 17x17 type fuel assembilies. In addition, the original FSAR
includes ANP Advanced MK BW 17x17 fuel assemblies. However, the SAR for
Amendment 1 does not specifically include any of these, and they have been removed
from the Fuel Qualification Tables.

This information is necessary to determine compliénce with 10 CFR 72.236(a).
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RAI RESPONSES Enclosure 2 to TN E-27377

Response to 1.5

As detailed in the response to RAI 1.3 above, the definition of fuel assembly class is
provided in Technical Specification 1.1. Table 6-3 and Table 6-4 in Chapter 6 of the
UFSAR contain all the design information of all the fuel assembly designs evaluated for
criticality. These tables also categorize these fuel assembly designs into the various
FUEL CLASSES. Accordingly, the WEV 17x17 design, WEO 17x17 design, and ANP
Advanced MK BW 17x17 design all belong to the 17x17 class of fuel assemblies.
Therefore, the individual fuel assembly designs are no longer included (specifically) as
authorized contents, however, they are authorized to be stored because they are
included as part of the 17x17 FUEL CLASS.
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RAI RESPONSES ’ Enclosure 2 to TN E-27377

CHAPTER 2 - PRINCIPAL DESIGN CRITERIA

21

2.2

(Technical Specifications) Include clarifying statements in the proposed TS to specify
that during loading, drying, or unloading operations the provisions of ISG-22, “Potential
Rod Splitting Due to Exposure to an Oxidizing Atmosphere During Short-Term Cask
Loading Operations In LWR or Other Uranium Oxide Based Fuel” will be satisfied, or
provide justification and associated technical bases for any proposed alternative.

Amendment 1 to the NUHOMS HD Safety Analysis Report appears to indicate that with
the exception of 0.25 volume percent of oxidizing gas in the cask during drying (Section
B 12.3.1.1, page B12-10), the fuel assemblies will be maintained in an inert environment
during loading, drying, and unloading. The staff requests assurance that the fuel
assemblies will have limited (or no) exposure to an oxidizing environment during the
loading, drying, or unloading operations.

This information is needed to determine compliance with 10 CFR 72.166.
Response to 2.1

Bases Section B 12.3.1 has been modified to provide the assurance requested, as
follows:

“Technical Specification 3.1 requires the use of helium during the bulkwater removal
process. Therefore, water from the DSC cavity is replaced by helium during the
bulkwater removal process. Fuel cladding temperatures are low during this short
duration process due to the presence of liquid water and helium.

Therefore use of helium during bulkwater removal, vacuum drying and long term storage
operations assures that the fuel assemblies will have limited (or no) exposure to the
oxidizing environment.”

(Technical Specifications) Incorporate by reference wording from Section 2.1.1 of the
Safety Analysis Report into the proposed TS such that:

a) The maximum fuel cladding temperature limit of 400°C (752°F) is set for normal
conditions of storage and all short term operations from the spent fuel pool to the
Independent Spent Fuel Storage Installation (ISFSI) pad including vacuum drying and
helium backfilling of the NUHOMS®-32PTH DSC per the guidance delineated in ISG-11,
Rev. 3, “Cladding Considerations for the Transportation and Storage of Spent Fuel.”

b) The change in fuel cladding temperature is restricted tolless than 65°C (117°F) and is
limited to less than 10 cycles during DSC drying, backfilling and transfer operations, per
the guidance delineated in ISG- 11, Rev. 3.

¢) The maximum fuel cladding temperature limit is set to 570°C (1058°F) for accidents or
off normal thermal transients, per the guidance delineated in ISG-11, Rev. 3.

The temperature limits defined in ISG-11, Rev. 3, have been established by the staff to
ensure the integrity of the fuel cladding.

This information is needed to assure compliance with 10 CFR 72.166.
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RAI RESPONSES Enclosure 2 to TN E-27377

2.3

2.4

Response to 2.2

Technical Specifications 2.1: “Fuel to be Stored in the 32PTH DSC” and 3.1: “Fuel
Integrity” assure that the authorized fuel is only loaded and the integrity of the fuel
cladding is maintained. Therefore additional requirements in the Technical
Specifications for the integrity of the fuel cladding are not necessary. The analyses
documented in SAR Chapter 4 demonstrate that the NUHOMS® HD System meets the
guidance given in ISG-11, Revision 3.

SAR Section 2.1.1 has been revised to reflect ISG-11, Revision3 and to provide text
consistent with the ISG.

(SAR, Chapter 2, Tables 2-1, 2-3, etc..)

a) Clarify the composition of both the cladding and internal components of the non-fuel
hardware that is being proposed as an addition to the contents of the package.

b) Additionally, provide data or discussion to show that no adverse chemical, galvanic, or
other reactions between or among the hardware, or canister internals, or with water
during loading, drying, unloading, or storage.

This information is needed to determine compliance with 10 CFR 72.120(3)(d).
Response to 2.3

a) The cladding material for the control components (CCs) include, stainless steel,
Inconel, Zirconium-based alloys such as Zircaloy, M5 or Zirlo. The internal component
material for the CCs includes non-fuel materials like Inconel, B,C, Ag-In-Cd, Al,O;, efc.

SAR Section 5.2 is revised to add ihis clarification.

b) An evaluation of the NUHOMS® HD System for Chemical, Galvanic and other
reactions is provided in Chapter 3, Section 3.4.1 of the UFSAR. Since the materials
utilized in the CCs are similar to those utilized in fuel assemblies and/or basket
materials, the evaluation presented in UFSAR Section 3.4.1 is also applicable to the
CCs. The evaluation concludes that no adverse reactions (chemical, galvanic or other)
are likely, due to the presence of CCs.

(SAR, Section 2.1.1, Table 2-1. TS p. 2-1, etc.) Clarify if the dimensions of the
stainless steel or zirconium “dummy rods” placed in reconstituted assemblies are
identical to the dimensions of the spent fuel rods, or provide the dimensions of the
dummy rods for analysis, if different.

If the dimensions of the “dummy rods” do not match those of the spent fuel rods, the free
volume within the cask will be different, which may influence the criticality analysis.

This information is needed to determine compliance with 10 CFR 72.236(a).
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RAI RESPONSES Enclosure 2 to TN E-27377

25

2.6

Resbonse to24

The criticality analysis documented in SAR Chapter 6 Section 6.2 and Section 6.4.2.3 is
carried out assuming that the active fuel length of the fuel assembly extends “infinitely” in
the axial direction. Therefore, only the nominal volume of the replacement or “dummy
rods” placed in the reconstituted assemblies is required to be equivalent to that of the
replaced fueled rods in the active fuel region of the fuel assembly. This requirement is
included in Technical Specification 1.1. See the response to RAl 1.4.

(Technical Specifications) Provide justification for the increase in maximum assembly
weight in the amended TS.

TS 2.1 lists maximum assembly plus control component (CC) weight as 15685 Ibs. The
maximum assembly weight of the design basis WE 17x17 is shown as 1575 Ibs in Table
2-1 of the FSAR. What is the reason for this change? :

This information is necessary to verify compliance with 10 CFR 72.236(a).
Response to 2.5

The structural analysis of the NUHOMS® HD System documented in UFSAR Chapter 3’
was performed using a maximum fuel assembly plus control component weight of 1585
Ibs. The other disciplines are not impacted by this change. The change in Technical
Specification 2.1 is made to be consistent with the analysis documented in the UFSAR.

See Response to RAI 2.7 for additional information.

(Technical Specifications) Is the increase in maximum MTU/assembly taken into
account in determining the bounding source-term analyses for all assembly classes? If
not, explain how this is conservative or inconsequential, or provide alternate
specifications in the Fuel Qualification Table (FQT).

Revised Table 2 lists maximum MTU/Assembly for every fuel class as 0.476 MTU. In
the original FSAR, the WE 15x15 and CE 14x14 are listed as 0.467 MTU/assembly, and
0.385 MTU/assembly, respectively. It is not clear if an analysis was performed for any
fuel classes other than the design-basis assembly at the maximum uranium loading.
Explain how the design-basis assembly at maximum uranium loading analysis bounds
the fuel classes, or provide further analysis.

This information is necessary to verify compliance with 10 CFR 72.104.

Response to 2.6

The increase in the maximum MTU per fuel assembly for all the fuel assembly classes is
based on a calculation that determines a bounding set of source terms for all assembly
classes. The analyses performed in SAR Section 5.2 demonstrate that the 0.476 MTU

bounds the source terms for all assembly classes.

See response to RAI 5.4 for additional information.

Page 7 of 34



RAI RESPONSES

2.7

2.8

Enclosure 2 to TN E-27377

(SAR Table 2.1) Explain how the increased maximum weight to 1,585 Ibs per fuel
assembly is considered in evaluating structural adequacy of the system components,
including the fuel basket, under the design basis transfer cask side-and corner-drop

handling accidents.

The maximum assembly plus CC weight of 1,585 Ibs, as listed in the reformatted and
expanded Table 2-1, is higher than the previously approved weights ranging from 1,450

to 1,575 Ibs.

This information is necessary to determine compliance with 10 CFR 72.236(a).

Response to 2.7

Even though the fuel assembly weights were listed as 1450 Ibs to 1575 Ibs in Chapter 2,
all of the structural analyses documented in Chapter 3 were performed with a bounding

weight of 1585 Ibs.

The structural evaluations of the system components are all based on the fuel assembly
weight of 1585 Ibs as described in the following UFSAR sections:

Description UFSAR Section/Pages Remark

32PTH DSC Weight Chapter 3, Section 3.2.1 (page | 1585 Ibs is used in the
3-14) weight calculation

32PTH Type 1 DSC Chapter A.3, Section A.3.2.1 1585 Ibs is used in the

Weight (page A.3-7) weight calculation

Basket Evaluation Appendix 3.9.1, Section 1585 Ibs is used in the
3.9.1.2.3 (page 3.9.1-10, basket structural
handling loads) and (page calculation

3.9.1-15, accident loads)

OS187H Transfer Cask
Evaluation

Appendix 3.9.2, Section
3.9.2.1.2 (page 3.9.2-3)

15685 Ibs is used in the
DSC weight calculation
(32x1585 Ibs = 50.72 kips),
total loaded DSC weight is
108.76 kips. 115 Kips is
conservatively used in the
cask structural evaluation

0S187H Type 1
Transfer Cask
Evaluation

Appendix A.3.9.2, Section
A.3.9.2.1.2 (page A.3.9.2-2)

1585 Ibs is used in the
Type 1 DSC weight
calculation (32x1585 Ibs =
50.72 kips), total loaded
Type 1 DSC weight is
109.5 kips. 115 kips is
conservatively used in the
cask structural evaluation

(SAR Section 2.1.1) Specify in the SAR that utilities which choose to load fuel with
burnups greater than 45 GWD/MTU may be unable to transport those fuel assemblies at

a later time.
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RA! RESPONSES Enclosure 2 to TN E-27377

Section 2.1.1 of the Safety Analysis Report states the maximum assembly burnup is 60
GWD/MTU. Currently, fuel assemblies with burnups above 45 GWD/MTU may be
licensed for storage under 10 CFR Part 72, but may not be transported under 10 CFR
Part 71. Utilities which chose to load fuel with burnups above 45 GWD/MTU do so at
their own risk, as these utilities may not be able to transport these fuel assemblies at a
later time. :

This information is necessary to assure compliance with 10 CFR 72.236(a).
Response to 2.8

The Amendment 1 Application to CoC 1030 for the NUHOMS® HD System is for storage
only under the provisions of 10CFR72. Transnuclear is in the process of preparing a
revision to CoC 9302 for transportation of the 32PTH DSC with fuel characteristics
including fuel assemblies with burnups above 45 GWD/MTU which are authorized in
CoC 1030 in a suitable transportation package. This transportation CoC revision will
demonstrate that all the fuel assemblies which are currently authorized for storage in
CoC 1030, including fuel assemblies with burnups greater than 45 GWD/MTU, are also
authorized for transportation in a suitable transportation package under the provisions of
10CFR71. .

Based on previous discussion with NRC and the directives provided at that time, it is
Transnuclear’'s understanding that the storage applications under 10CFR72 shall not
include any evaluation for 10CFR71 conditions to demonstrate compliance with
10CFR71. These evaluations shall only be included in a CoC revision or new
application under the provisions of 10CFR71.
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RAI RESPONSES Enclosure 2 to TN E-27377

CHAPTER 3 - STRUCTURAL EVALUATION

31

{(SAR Section 3.5.3.2) Technical Specification 5.3.2 (Cask Drop), states in the
Background, “...the potential exists to drop the cask 15 inches or more.” Revise the
SAR by performing an evaluation of structural integrity of the fuel cladding associated
with corner- or end-dropping, as appropriate, a loaded 32PTH DSC within the OS187
transfer cask (TC) en route from the fuel handling building to the ISFSI.

NUREG-1536, page 3-6, in the section on “Structural Design Criteria and Design
Features,” specifies that “the [cask] design must ensure that the spent fuel will not
experience accelerations that would damage its structural integrity or jeopardize its
subcritical condition or retrievability.” Section 3.5.3.2 of the (original) SAR states that the
structural integrity of the fuel cladding due to the end drop loading condition will be
evaluated by the user under the 10 CFR 50 site license. Recognizing that fuel clad _
ductility capability may be limited for the high burnup fuel certified for the NUHOMS HD
system, the staff notes that, for a 10 CFR 72 general license, the structural integrity of
fuel clad must be evaluated for the cask drop conditions described in the Technical
Specifications for administrative lifting controls.

This information is necessary to assure compliance with 10 CFR 72.122(b).

Response to 3.1

Technical Specification Section 5.3 “Lifting Controls” contains two subsections:
e Subsection 5.3.1 (Transfer Cask Lifting Heights)

This subsection describes the transfer cask lifting height and lifting orientations
(handling requirements). The cask drop scenarios are based on the
requirements of this subsection, which specifies that during the transfer
operations the TC/32PTH DSC is in the honizontal position on the trailer and shall
not exceed a maximum height of 80 inches from the boftom of the transfer cask.

The SAR fuel drop analysis (side drop) is consistent with these Technical
Specification handling requirements. As described in UFSAR Section 3.1.1.4,
the transfer cask is transported to the ISFSI in a horizontal configuration.
Therefore the only credible accident during storage or transfer operations is a
side drop. A vertical or corner drop accident may be credible under 10CFR50
during loading onto the trailer (for example, use of a non-single failure lifting
device) or during transportation operations governed under 10CFR71.

These drop scenarios have been reviewed and found acceptable by the Staff, as
stated in the Safety Evaluation Report (SER) for CoC 1030, Section 3.4.1.1(b)
(page 3-11) “The end and corner drops are generally not considered credible
during storage and transfer operations because the cask will always be in the
horizontal orientation. The Staff finds this assumption meets the requirements of
10CFR72; however, an additional safety review by the user of the casks is
necessary to demonstrate fuel cladding integrity under 10CFR Part 50 or to
demonstrate that the drop accidents are not credible”.

Based on the discussion above, structural integrity of the fuel rod is analyzed for
loads due to an 80 inch side drop impact as described in the UFSAR, Section
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3.2

3.5.3 (page 3-29).
Subsection 5.3.2 (Cask Drop-Inspection Requirement)

As described in this Technical Specification, “The 32PTH DSC will be inspected
for damage after any transfer cask drop of fifteen inches or greater.” This
subsection is an additional requirement established by the NRC Staff for
inspection of NUHOMS® components following a cask drop during the transfer
operations. The following paragraph describes the background:

The NUHOMS® HD System is based on the Standardized NUHOMS® System
described in CoC 1004. In the SER for CoC 1004 [1], page 3-20, the Staff
performed independent calculations for the drop and “concluded that a drop of
the loaded DSC from a height greater than 38 cm (15 inches) may cause
damage to the DSC and the stored fuel. Because the ASME Code, Section lll,
for Service Level D pemits plastic deformation, portions of the DSC shell and
basket may sustain damage, without compromising the confinement boundary or
geometry of the spent fuel array. However, such potential damage is the cause
for limiting conditions of operation and surveillance.” Therefore the Inspection
Requirement was included in the Technical Specification.

This same'requirement from CoC 1004 was also included in Technical
Specification 5.3.2 of CoC 1030 for the NUHOMS® HD System which specifies
that the 32PTH DSC will be inspected for damage after any transfer cask side
drop of fifteen inches or greater. The cask drop scenario (side drop) is defined in
Section 5.3.1 of CoC 1030, therefore the inspection is limited to only the drop
scenario (side drop) defined in Technical Specification 5.3.1.

Technical Specification 5.3.2 of CoC 1030 (Cask Drop) is revised to clarify the
drop scenarios (side drop only).

References for RAI Response 3.1

[1]  “SAFETY EVALUATION REPORT OF VECTRA TECHNOLOGIES, INC.
a.k.a. PACIFIC NUCLEAR FUEL SERVICES, INC. SAFETY ANALYSIS
REPORT FOR THE STANDARDIZED NUHOMS HORIZONTAL
MODULAR STORAGE SYSTEM FOR IRRADIATED NUCLEAR FUEL,”
U.S. NUCLEAR REGULATORY COMMISSION OFFICE OF NUCLEAR
MATERIALS SAFETY AND SAFEGUARDS, December 1994

(SAR Appendix 3.9.10) With respect to the mode shape displayed in Figure 3.9.10-18
of the original SAR, for the dominant axial vibration frequency of 141.07 hz, post-process
the corner drop results by considering only the lid center for nodal averaging
acceleration responses to ensure that a bounding forcing function input is used for the
fuel clad evaluation as described in Question 3.1 above.

SAR Pages 3-9.10-11 through -13 describe post-processing of the LS-DYNA results,
which suggest that the Figure 3.9.10-22 time-history response was a nodal average over
the entire transfer cask lid. The staff notes that, per the Figure 3.9.10-18 mode shape,
the vibratory component of the cask lid axial response may contribute significantly to the
fuel clad impact response. As such, the nodal averaging associated with the entire lid or
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for the nodes in the immediate vicinity of the point of impact at the corner of the cask
may be inadequate, and it should only be performed for the lid center with the highest
modal coefficients to capture the maximum fuel clad response.

This information is necessary to assure compliance with 10 CFR 72.122(b).
Response to 3.2
As documented in the NUHOMS® HD Technical Specifications and UFSAR, end drop

and corner drop are not credible drop scenarios for the NUHOMS® HD System. Also, the
response to RAI 3.1 further clarifies the credible drop scenarios.
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4.1

CHAPTER 4 - THERMAL EVALUATION

(SAR Section 4.8.2) Provide a justification for use of the UO, material properties in
Section 4.8.2 of the SAR. Update any analyses that rely on these values if any changes
in the UO, material properties are warranted

The values provided for UO, material properties in Section 4.8.2 are from a dated source
and are for unirradiated UO,. Recent data has indicated that there may be potential
changes in the characteristics and properties of irradiated UO, that could affect heat
transfer in the fuel. This could potentially have an impact on the effective thermal
conductivity for the spent fuel assemblies.

References:

“Thermal conductivities of irradiated UO, and (U,Gd)0O,,” K. Minato et al. Journal of
Nuclear Materials 300 (2002) 57-64.

“Effect of burn-up on the thermal conductivity of uranium dioxide up to 100.000 MWadt,”
C. Ronchi et al. Journal of Nuclear Materials 327 (2004) 58-76.

This information is needed to satisfy the provisions of 10 CFR 72.24(c)(3) and 10 CFR
72.236(f).

Response to 4.1

TN reviewed the above references for the thermal conductivity of UO,. Based on the
Ronchi study, UO, thermal conductivity of irradiated UO, with ~62 GW(d/t and irradiation
temperature T;, 21300K (average T, for fuel pellet during irradiation according to M.
Amaya et al.) drops significantly (more that 50%) compared to un-irradiated UO,. The
thermal conductivity values of UO; in Section 4.8.2 of the SAR [NUREG/CR-0200,
Revision 6, SAR Reference 4.30] are compared to the values obtained from the Ronchi
study as shown in Figure 4.1. The comparison shows that the SAR values in the fuel
assembly temperature of interest are higher by approximately a factor of two compared
to values obtained from the Ronchi study.

0.600

—e— Un-irradiated UO2 [NUREG/CR-200]

- 0.500 +— _ &
c \ —4— Irradiated UO2 [Ronchi]
T
£ 0.400
2
e \
2 0.300 v\.\*
2
é 0.200 —_—
Tle—
g e - ———— .,
S 0.100
0.000 ‘ : : [ ‘ - ,
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Temperature (F)

Figure 4.1  UO, Thermal Conductivity
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Using irradiated UO, conductivity decreases the effective conductivity of the fuel
assembly in the transverse direction. Note that as discussed in SAR Section 4.8.3.2,
axial effective thermal conductivity of the fuel assembly is calculated based on the fuel
cladding material only and does not include the UO, fuel pellet thermal conductivity.
Therefore, the axial effective conductivity of the fuel assembly is not impacted.

A sensitivity analysis is performed to determine the impact of the irradiated UO,
conductivity on the fuel cladding temperatures for the NUHOMS® HD System.

In the first step, the transverse effective conductivity for fuel assemblies with irradiated
and un-irradiated UQ, conductivities are calculated based on the methodology described
in SAR Section 4.8.3.1.

In the second step, the calculated fuel assembly effective thermal conductivities from the
first step are used in the 32PTH DSC model from Section 4.3.1.3 of the SAR to
determine the maximum fuel cladding temperatures. Normal transfer conditions for the
32PTH DSC in the OS187H transfer cask with heat load zoning configuration 1 at 115°F
ambient is selected for this analysis.

The transverse effective conductivity for fuel assemblies calculated based on irradiated
[Ronchi et al] and un-irradiated [NUREG/CR-200] UO, conductivities are compared in
Figure 4.2. The transverse effective conductivity for fuel assemblies used in the SAR
evaluation based on UO, conductivities applied in the ANSYS model for fuel assembly
effective conductivity calculation documented in SAR Section 4.2 (1) is added to Figure
4.2 for reference.

Fuel Effective Conductivity (Btu/hr-in-F)

0.080
0.070 ////:"
0.060
0.050
0.040
0.030
—m— Based on Un-irradiated UO2
0.020
—a— Based on Irradiated UO2
0.010 —e— Used in SAR Thermal Evaluation |]
0.000 ; : : : :
0 200 400 600 800 1000 1200

Temperature (F)

Figure 4.2 Transverse Effective Conductivity for Fuel Assembly

As seen in Figure 4.2, the fuel assembly effective thermal conductivity with irradiated
UO, conductivity is approximately 3% lower than the one with un-irradiated UO,

conductivity at the fuel cladding temperature of 700°F. The results of the sensitivity
runs for the maximum fuel cladding temperature are summarized in Table 4.1 below.
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Table 4.1 Maximum Component Temperatures from Sensitivity Analysis
Maximum Temperature (°F)
32PTH DSC in OS187H, HLZC #1, 115°F Ambient "

Component @ ©

Fuel Cladding 716 717
Fuel Compartment 691 692
Basket Al Plates 691 691
Basket Rails 560 560
DSC Shell 475 475

Notes:

(1) These values are comparable to those shown in SAR Table 4-1, 2™ part for Config. # 1.

(2) Ker for the fuel assembly is based on un-irradiated UQO, conductivity as shown in SAR
Section 4.2, subsection 1 [NUREG/CR-0200].

(3) Kes for the fuel assembly is based on irradiated UO, conductivity values from the Ronchi
Study.

The sensitivity analysis results show that the fuel cladding temperature changes by
approximately 1°F (0.14%) which is negligible. These resulfs show that the fuel cladding
temperatures are not sensitive to changes in the conductivity of UO, due to irradiation.
Therefore, use of UQ, fuel pellet conductivity from NUREG/CR-0200 (SAR Reference
4.30) is reasonable for irradiated UQ,.

However, it should be noted that the ANSYS model described in SAR Section 4.8.3.1
erroneously but conservatively used UO, conductivity values which are lower than those
shown in SAR Section 4.8.2 (1). These values are shown in Table 4.2 below.

Table 4.2 UO, Thermal Conductivity

SAR, Section 4.8 (1) Used in ANSYS Model described in
Section 4.8.3.1
Temperature Conductivity Temperature Conductivity
(°F) - (Btu/hr-in-°F) (°F) (Btu/hr-in-°F)
77 0.503 32 v 0.056
212 0.423 - 212 0.063
392 0.362 392 0.068
572 0.302 752 0.072
932 0.266
1292 0.248
1472 0.250

The UQ; conductivity values used in the ANSYS model are at least 30% lower than the
values obtained from the Ronchi study. Use of lower UO, thermal conductivity values in
the ANSYS model of the fuel assembly results in conservatively lower values of effective
thermal conductivity for the fuel assembly. This in turn results in higher calculated fuel
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4.2

4.3

cladding and DSC component temperatures which are conservative. The transverse
effective conductivity for the fuel assembly used in the SAR thermal analysis is
compared to the corresponding values from the sensitivity analysis in Figure 4.2.

Since the effective thermal conductivity for the fuel assembly used in the SAR thermal
analysis is lower than the effective thermal conductivity for the fuel assembly with
irradiated UQ,, the calculated maximum component temperatures and fuel cladding
temperatures are conservative and the difference in irradiated and un-irradiated UO, fuel
pellet thermal conductivity values does not affect thermal analysis results reported in the
Amendment 1 SAR.

SAR Section 4.8.2 has been revised for clarification. Also a new Section 4.8.6 is addéd
to document the sensitivity analysis. )

Sample input and output files for the sensitivity analysis described in this response are
included with this submittal on the enclosed proprietary disk.

(SAR Chapter 4) Provide the thermal analysis models (input and output files) for the
NUHOMS HD system that were revised for Amendment 1.

The staff needs to review this information as part of its review to make a reasonable
assurance safety finding for the amendment application.

This information is needed to satisfy the provisions of 10 CFR 72.24(d) and 10 CFR
72.236(f). :

Response t0 4.2

Due to the addition of the Combustion Engineering (CE) 16x16 class fuel assembly to
the authorized contents of the NUHOMS® HD system, the model of this fuel assembly
was developed for calculating its effective thermal conductivity. The input and output
files for this model (A001-kHe_CE16x16.inp and A001-kHe_CE16x16.out, respectively)
were provided with the application for Amendment 1 for NUHOMS® HD CoC No. 1030
(TN letter E-25747, Enclosure 4, Nov. 1, 2007).

There are no other thermal analysis models revised for NUHOMS® HD system
Amendment 1.

Sample input and output files for the sensitivity analysis described in the response to
RAI 4.1 are included with this submittal on the enclosed proprietary disk.

(SAR Chapter 4) Review the RAls provided as part of the Standardized NUHOMS
(CoC 1004) Amendment 10 (Accession numbers ML072410348 and ML081150596) and
Amendment 11 (MLO72980876) reviews that also apply to the NUHOMS HD design, and
provide responses specific to the NUHOMS-HD Amendment 1 (CoC 1030), as
appropriate.

Given the similarities between the Standardized NUHOMS and NUHOMS HD designs,
changes made to the analyses or operating procedures of the Standardized NUHOMS
designs, due to responses to previously issued RAls, could potentially impact the
NUHOMS HD design. The staff needs reasonable assurance that issues addressed for
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44

the Standardized NUHOMS design are reviewed and applied to the NUHOMS HD
design, as appropriate.

This information is needed to satisfy the provisions of 10 CFR 72.24(d) and 10 CFR
72.236(f). '

Response to 4.3

TN has evaluated all the thermal RAI questions received for the Standardized
NUHOMS?® (CoC 1004) Amendment 10 (Accession numbers ML072410348 and
ML081150596) and Amendment 11 (ML072980876).

The RAls were categorized into requests for justification, providing detailed description,
providing clarification, performing evaluations, sensitivity analysis, additional technical
specification, and system specific questions for NUHOMS® (CoC 1004) Amendment 10
and Amendment 11.

The NUHOMS® HD Technical Specification 3.1.1 is consistent with changes made to
Amendments 10 and 11 for the use of helium for removal of bulkwater from the DSC
cavity. Additionally, clarifications made to Chapter T.8 and U.8 of the CoC 1004 SAR in
response to RAl 4-1 as part of Standardized NUHOMS® (CoC 1004) Amendment 10
(Accession numbers ML072410348) are considered to be applicable to CoC 1030
Amendment 1. NUHOMS® HD SAR Section 8.1.1.2, Step 13 is revised to add a note
identical to Amendment 10 SAR Chapter U.8, Section U.8.1.2 step 17 to assure that air
will not enter the DSC cavity and helium will be present in the DSC cavity during
movement of the transfer cask from the fuel pool to the decon area. The note is
described below:

“Provisions shall be made to assure that air will not enter the DSC cavity. One way to
achieve this is by replenishing the helium in the DSC cavity during cask movement from
the fuel pool to the decon area in case of malfunction of equipment used for cask
movement.”

None of the other RAls from Amendment 10 or 11 to CoC 1004 resulted in changes to
the thermal analysis methodology used for these amendments or applicable portions of
the NUHOMS® HD System.

(SAR, Section 4.2) Provide thermal conductivity data for aluminum clad metal matrix
composites (MMCs) both parallel to, and perpendicular to the plate surface. Describe
how any anisotropic thermal conductivity of aluminum clad MMCs is considered in the
thermal analysis of the package.

The thermal analysis of the package assumes that Boral® has anisotropic thermal
properties (Section 4.2, subsection 9 of the Safety Analysis Report), but does not take
into account that aluminum clad MMCs may also have anisotropic thermal properties.

This information is required for compliance with 10 CFR 72.124(b), 10 CFR 72.236(c),
and 10 CFR 72.236(f).

Response to 4.4
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The aluminum clad metal matrix composite (MMC) is considered as an isofropic material
with the same conductivity of 145 W/m-K (6.98 Btu/hr-in-°F) as the unclad MMC in this
SAR. The composition of the core in the aluminum clad MMC is identical to the
composition of the reqular MMC with no clad. A conservative conductivity of 145 W/m-K
(6.98 Btu/hr-in-°F) is selected for the regular (unclad) MMC as stated in SAR Section
4.2.(9). ASME code [ASME Code Section I, Part D - Properties, 2004 with 2006
Addenda] shows the thermal conductivity of aluminum clad at 400° F is in the same
range as 145 W/m-K (6.98 Btu/hr-in-°F) for Aluminum series 5000 or series 6000.
Therefore, assuming isotropic conductivity for the aluminum clad MMC and the core is
appropriate and thermal analyses results provided for the Amendment 1 application
remain unaffected.
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CHAPTER 5 — SHIELDING EVALUATION

5.1

5.2

(SAR Section 5.1) Show that the source-term for fuel assemblies with less than 1.5
wt% U-235 is bounded by the design-basis assembly.

The third paragraph on page 5-2 of the SAR states that “fuel assemblies with enrichment
between 0.2 wt % U-235 and 1.5 wt % U-235 are qualified by limiting their burnup ...
(ensuring) that the shielding analysis is also bounding for these fuel assemblies.”
Furthermore, the discussion at the top of page 5-4 of the SAR describes burnup limits to
maintain gamma and neutron source terms within the limiting assembly design. No
reference or analysis is provided as a basis for this assumption.

Present a source-term comparison of the design-basis assembly and the low-enriched
fuel assembly in question at the burnup indicated. A complete description of the
analysis will include, with justification, assumed bounding dimensions, burnup, power
history, cross section libraries used, code versions, and material information.

This information is necessary to verify compliance with 10 CFR 72.104.
Response to 5.1

The fuel qualification methodology employed in the calculation of the design basis
source terms is based on the use of SAS2H to rank the source terms due to the various
allowable combinations of burnup, enrichment and cooling time (FQT parameters).

A new Section 5.2.3 is added to the SAR to provide a detailed description of the fuel
qualification calculations and methodology employed to determine the design basis
source term. The results of this section include the various evaluations performed to
rank the candidate FQT parameters for their effect on the HD System dose rates. These
results also include the evaluations performed for the low enriched fuel assemblies
(enrichment between 0.2 wt % U-235 and 1.5 wt % U-235) as part of the scope for this
amendment.

(SAR Section 5.2) Provide detailed information on the SAS2H analysis of assemblies
with an average enrichment below 1.5 wt%.

The Fuel Qualification Table appears to apply to all classes of fuel assemblies. The
depleted uranium assembly (0.2 wt% U-235) was intended for a specific fuel design
burned approximately to 5,000 MWd/MTU, yet the allowable burnup has been greatly
extended to 20,000 MWd/MTU. Using the methods explicitly described in the
amendment and the sample input deck in the original SAR, staff confirmatory analysis of
such an assembly cooled for the minimum five year period allowed by the FQT did not
support the applicant’s statement at the top of page 5-4 of the SAR, that a 0.2 wt%
enriched assembly at 20 GWd/MTU and cooled for the minimum five years would be
bounded by the design-basis assembly. Further, information methods and assumptions
are not included in the amendment and the FQT limits are potentially non-conservative.

An analysis at the boundary of enrichment categories is necessary to demonstrate that

the allowable enrichment and burnup levels, when permitted to all fuel classes, are still
bounded by the design basis assembly as stated in the application.
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6.3

5.4

This information is necessary to verify compliance with 10 CFR 72.126.
Response to 5.2

A detailed description of the fuel qualification calculations and methodology employed to
determine the design basis source terms is provided in new Section 5.2.3 of the SAR.
This section contains all the details required to model the fuel assemblies with low
enrichment and the results of the evaluation are also included.

(SAR Section 5.2) Justify the enrichment chosen for the bounding design-basis
assembly.

The source term analysis on page 5-3 is based on a design bounding assembly
determination by initial heavy metal alone. In the example given, an initial enrichment of
4 wt% U-235 is not conservative according to NUREG-1536, “Standard Review Plan for
Dry Cask Storage,” which states: “the shielding source term ... should be based on the
lowest enrichment (for a given burnup).” With the changes to the FQT to more
generalized bounding parameters, it is appropriate for all analyses in the application to
follow the same thought. Since the cask contents are no longer restricted, specific
designs with set heavy metal content and enrichment that can be analyzed, bounding
conditions need to be taken into account at all steps of the source-term analysis. For this
specific assembly class and enrichment, the design basis analysis should utilize 2.5 wt%
U-235. Include such an analysis for each enrichment group in the FQT, or limit the
burnup below the initial enrichment analyzed.

This information is necessary to verify compliance with 10 CFR 72.126.
Response to 5.3

A detailed description of the fuel qualification calculations and methodology employed to
determine the design basis source terms is provided in new Section 5.2.3 of the SAR.
This section contains all the details required to ensure that the source terms utilized in
the design basis shielding calculations is bounding.

(SAR Section 5-3 and Table 2-1) Show that MK BW 17x17 is still bounding with the
new limits allowed in the FQT.

The reason given for using the MK BW 17x17 as the design basis assembly was the
higher heavy metal content. Given that all assemblies have the same maximum heavy
metal limit, justify the continued use of the MK BW 17x17 as a design basis assembly.

This information is necessary to verify compliance with 10 CFR 72.126.

Response to 5.4

The design basis source terms utilized for the shielding calculations are calculated with
the MK BW 17x17 as the design basis assembly since it has the highest heavy metal
loading of 0.476 MTU. However, the fuel assembly hardware used in the source term

calculations are based on the Westinghouse 17x17 standard fuel assembly because it
has the highest material mass (e.g., steel, inconel) which contributes to the gamma
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5.5

5.6

source terms. Therefore, the design basis fuel assembly is a hybrid MK BW 17x17 fuel
assembly with a heavy metal loading of 0.476 MTU containing the hardware of the
Westinghouse 17x17 standard fuel assembly. The MTU loading is the most important
parameter in the calculation of source terms. Other small differences due to the
differences in the fuel pin geometry have no significant effect on source terms.
Therefore, the design basis source terms will remain unchanged as long as the
maximum MTU loading remains unchanged.

(SAR Section 5.2) Show that the enrichments used for the Thimble Rod Assemblies
(TPAs) and the Burnable Poison Rod Assemblies (BPRAS) source term analyses are
conservative.

The TPA and BPRA source term analyses are conducted with different initial
enrichments of the fuel source term. Describe the basis for the different initial
enrichments. Justify the choice of 3.5 wt% U-235 as the bounding calculation for these
control components.

This information is necessary to verify compliance with 10 CFR 72.126.
Response to 5.5

The control component (CC) source terms are calculated in SAS2H by irradiating the CC
materials in a host fuel assembly using the light element composition of the CC. The
“light element” component of the SAS2H calculation results are the CC source terms for
use in the shielding calculations. The use of an enrichment and burnup is only for the
purpose of providing a representative “spectrum” and duration for irradiation. The
bounding or conservative nature of the.CC source term calculation is in the choice of
cooling time of 4 days. This is highly conservative since a typical cooling time is 6 years.

Therefore, the choice of the host assembly enrichment utilized in the CC source term
calculations is appropriate and the calculated source terms (with a cooling time of 4
days) bounding.

(Editorial - SAR Page 5-4) This discussion on reconstituted fuel assemblies could be
more clearly articulated. Please rewrite to clarify the cooling requirements.

The third paragraph on page 5-4 of the SAR, states: “There is no limit on the nhumber of
rods that are reconstituted with unirradiated stainless steel or Zircalloy or low enriched
UO2.” Does this mean that both Zircalloy and low-enriched UO2 may be irradiated or is
the adjective ‘unirradiated’ intended to apply to all materials in that list? Please rewrite
to clarify.

The same paragraph also states “that for cooling times less than 10 years, 1 year of
cooling time is added.” This could be interpreted as permitting an assembly to be
treated as if it were cooled an additional year in the pool. The discussion is revisited in
the fifth paragraph with improved clarity. Please rewrite the third paragraph on page 5-4
of the SAR to clarify. One possibility would be to move the discussion in the fifth
paragraph to the third paragraph.
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5.7

5.8

~ Response to 5.6

The discussion on reconstituted fuel assemblies on Page 5-4 of the SAR is modified for
enhanced clarity. Further, a discussion on the methodology for the qualification of
reconstituted fuel assemblies is provided in new Section 5.2.3 of the SAR.

- (Editorial) The discussion on possible streaming paths could be more clearly

articulated.

The sixth paragraph on page 5-2 states: “L.ocations where streaming could occur are
discussed in Chapter 10.” The staff could find no specific mention of streaming paths in
Chapter 10 of the FSAR. Compliance with Regulatory Position 2b of Regulatory Guide
8.8 is stated in Chapter 10 as simply: “Regulatory Position 2b on radiation shielding is
met by the heavy shielding of the NUHOMS System which minimizes personnel
exposures.” The presence of heavy shielding alone does not necessarily preclude
streaming paths through joints, vents, gaps, etc. There is a later discussion on locations
of the maximum dose rates, which sufficiently addresses the issue; however it is not
immediately obvious to look there. It is recommended that this level of detail be
provided on page 5-2 from Chapter 10 of the SAR. :

Response to 5.7

Chapter 5, Section 5.1 of the SAR is revised as recommended by the staff.

(Editorial) Since this amendment is specifically intended to add the CE 16x16 fuel, it
should be included in the discussion in a manner consistent with other authorized cask

contents.

Revise final paragraph on page 5-3 to include the 16x16 fuel in bounding assembly .
comparison.

Material information on the CE 16x16 class, similar to that found in Tables 5-7 through
5-9 would be very useful for the confirmatory analysis.

Response to 5.8

Chapter 5 of the SAR is modified to include CE 16x16 fuel in the discussions in Section
5.0 (authorized contents) and Section 5.2 (design basis fuel assembly).

Material information on the CE 16x16 class is provided in revised SAR Table 5-7 and
Table 5-9.
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CHAPTER 8 — OPERATING PROCEDURES

8.1

(Technical Specifications) Incorporate wording, by reference, from Section 8.1.1.3 of
the SAR into the proposed TS such that:

a) Hydrogen gas monitoring or mitigation measures will be conducted when performing
any lid welding or cutting operations.

b) All welding operations will be stopped and the DSC cavity wili be purged with helium if
the hydrogen concentration exceeds 2.4%.

Hydrogen gas may be evolved during wet loading (or unloading) operations and must be
monitored or controlled to preclude the possibility of creating a flammable mixture inside
the canister during welding or cutting operations.

This information is required for compliance with 10 CFR 72.166.

Response to 8.1

Technical Specification 5.6, “Hydrogen Gas Monitoring,” has been created to meet the

intent of this RAI. SAR operating procedure Sections 8.1.1.3 and 8.2.2 are also revised
to include references to this new technical specification.
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CHAPTER 9 — MATERIALS EVALUATION (ACCEPTANCE TESTS AND MAINTENANCE
PROGRAM)

9.1

(Technical Specifications) Incorporate Sections 9.5.3.2, 9.5.3.4, 9.5.3.6, 9.5.3.7,
9.5.4.1, and 9.5.4.2 of the SAR into the proposed Technical Specifications by reference.
Assuming that clarifications (see RAI 9.3) are made, Section 9.5.3.3 should also be
incorporated in the proposed TS by reference.

The acceptance testing of all neutron poisons used in a spent fuel canister is important
to the safety of the NUHOMS HD package and should not be amendable under 10 CFR
Part 72.48 without approval by NRC staff.

This information is required for compliance with 10 CFR Part 72.44(c)(4) and 10 CFR
72.236(b).

Response to 9.1

The present extent of the incorporating Chapter 9 into the Technical Specifications was
established at the request of the NRC starting with the Amendment 8 to CoC 1004 and
the original application for CoC 1030, and has been maintained consistently through
Amendment 1 to CoC 1027 and Amendment 11 of CoC 1004. The intent of including
part of this chapter into the Technical Specifications was to provide some fixed bounding
description of the types of neutron poison materials that Transnuclear could qualify and
use, lacking any consensus standards on such materials, and recognizing that new
neutron poison materials of this kind are entering as well as leaving the market.

One of the reasons of aligning all NUHOMS?® products in various CoCs on the subject of
neutron absorbers was to reduce the likelihood of errors that could result from lack of
standardization. Significant changes, other than correction of errors, in these sections
will result in specifications for neutron absorbing materials on different products and
CoCs diverging from one another. The fact that an activily is important to safety means
that it is controlled under TN’s QA program - not that it goes into the Technical
Specifications.

To bring this SAR into alignment with the others referenced, Transnuclear proposes the
following revisions in Section 9.5.2:

The B10 areal density is measured using a collimated thermal neutron beam of
up to 1.2 centimeter diameter. A beam size greater than 1.2 centimeter diameter
but no larger than 1.7 centimeter diameter may be used if computations are
performed to demonstrate that the calculated kegective Of the system is still below
the calculated Upper Subcritical Limit (USL) of the system assuming defect areas
the same area as the beam. [delete the subsequent sentence beginning
“Alternatively....”]

..The lower tolerance limit of B10 volume density is then determined, defined as
the mean value of B10 volume density for the sample, less K times the standard
deviation, where K is the one-sided tolerance limit factor for-a-normal-distribution
with 95% probability and 95% confidence. If a goodness-of-fit test demonstrates
that the sample comes from a normal population, the value of K for a normal
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9.2

9.3

distribution may be used. Otherwise, use a non-parametric (distribution-free)
method of determining the one-sided tolerance limit.

TN also requests correction of an error at Section 9.5.2, paragraph 8, second sentence.
Delete the word “minimum” twice: * The minimum B10 areal densities determined by
neutron transmission are converted to volume density, i.e., the minirrum B10 areal
density is divided by the thickness at the location of the neutron transmission
measurement or the maximum thickness of the coupon. “Minimum” in this context does
not refer to the minimum SPECIFIED areal density, and therefore its meaning is
undefined.

(SAR Section 9.5.3.4) Delete the statement in Section 9.5.3.4(a) that scanning electron
microscopy - (SEM) may be used as an alternative method to evaluate the ductility of

. MMCs.

Due to the heterogeneous nature of MMCs, microscopic strain observed using SEM may
not be used to reliably estimate macroscopic ductility. As such, room temperature
tensile tests measuring the elongation to failure of the MMCs (both clad and unclad), as
stated in Section 9.5.3.4(a), should be conducted. o

The Staff considers qualitative acceptance tests, such as visual inspection by SEM or
American Society for Testing and Materials (ASTM) E290, in general, not acceptable for
verifying the mechanical properties of neutron absorbing materials.

This information is required fbr compliance with 10 CFR 72.124(b) and 10 CFR
72.236(c).

Response to 9.2

Transnuclear agrees with the deletion of SEM, but disagrees with the claim regarding
the use of the ASTM E290. Such qualitative testing might not be appropriate if
Transnuclear were using the MMC’s mechanical properties in the structural analysis of
the basket. This is not the case. The neutron absorbing materials are considered in the
structural analysis only as transmitters of bearing loads across their thickness, and as a
dead weight. No structural credit is taken by Transnuclear from these neutron absorber
materials. Therefore, the purpose of mechanical testing is not to demonstrate that the
material has the properties assigned to it for analysis, but only to demonstrate that the
material has reasonable physical integrity, and will not shatter under the design
conditions.

We therefore propose to replace the existing wording with the wording that has been
accepted by the Staff on previous applications. Delete "(Alternatively show that the
material fails in a ductile manner, e.g., by scanning electron microscopy of the fracture
surface or by bend testing.)" and replace with "As an alternative to the elongation
requirement, duclility may be demonstrated by bend testing per ASTM E290'°. The
radius of the pin or mandrel shall be no greater than three times the material thickness,
and the material shall be bent at least 90 degrees without complete fracture.”

(SAR Section 9.5.3.3, and Technical Specifications) Clarify in Section 9.5.3.3 (and
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incorporate into the Technical Specifications by reference) the conditions which
necessitate that neutron absorbing plate materials will undergo corrosion and thermal
damage testing if there has been a key process change, as defined in Section 9.5.4.3.

a) ltis unclear if corrosion testing is required for the neutron absorbing plate material if
the neutron absorbing material used is an alloy other than 1100 aluminum.

b) If the neutron absorbing plate material consists only of boron carbide and 1100
aluminum, clarify if an increase of porosity will require qualifying corrosion and thermal
damage tests. If applicable, justify why an increase of porosity for a boron carbide and
1100 aluminum-based neutron absorber would not require qualification testing.

The corrosive effects of a spent fuel pool environment and the subsequent drying step .
may lead to cracking and/or delaminating of the aluminum clad metal matrix-composites
As such, appropriate qualifying corrosion and thermal damage tests should be required
for neutron absorbing materials when there has been a change in the aluminum alloy
and/or an increase in porosity. :

This information is required for compliance with 10 CFR 72.120(d), 10 CFR 72.124(b)
and 10 CFR 72.236(c).

Response t0 9.3

Instead of incorporating entire sections into the Technical Specifications, Transnuclear
proposes to relocate the density requirements, demonstrated by qualification testing,
from SAR Section 9.5.3.1 to Section 9.1.7.2, in order to incorporate them into the
Technical Specifications. This is consistent with the original intent to provide a bounding
material description in lieu of ASTM or other consensus material specifications. See the
response to RAIl question 9.1 above

Transnuclear agrees with a), and proposes the following clarification:
Delete

The need for thermal damage and corrosion (hydrogen generation) testing shall
be evaluated case-by-case based on comparison of the material composition and
environmental conditions with previous thermal or corrosion testing of MMCs.

And replace with

Thermal damage and corrosion (hydrogen generation) testing shall be performed
unless such tests on materials of the same chemical composition have already
been performed and found acceptable. The following paragraphs illustrate two
cases where such testing is not required.

Transnuclear disagrees with suggested change b). Paragraph 9.5.3.4(b) limits the total
porosity to 3% maximum, and paragraph 9.5.3.1 limits the interconnected porosity to
essentially zero. Isolated porosity will not lead to the problemis of water intrusion,
cracking, and delamination suggested. These are problems that have occurred with a
cermet compacted to less than 95% of full density, and using a much larger boron
carbide particle size distribution, and much higher boron carbide content than the
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9.4

9.5

present FSAR would allow for clad MMCs. Clad MMCs are different than Boral© and
behave differently.

(SAR Section 9.5.4.3) Specify that for aluminum clad MMCs, significant changes
(which should be quantified by the applicant) of the internal core thickness relative to the
thickness of the aluminum cladding qualify as a major process change according to
Section 9.5.4.3 of the Safety Analysis Report.

The aluminum cladding is expected to be significantly more ductile than the boron
carbide reinforced inner core of the aluminum clad MMCs. The relative thickness of the
aluminum cladding to the internal core thickness will greatly influence the mechanical
properties of the final material.

This information is required for compliance with 10 CFR 72.124(b) and 10 CFR
72.236(c). :

Response to 9.4
Transnuclear Agrees and proposes the following addition:

(g) For MMCs with an integral aluminum cladding, a change greater than 25% in the
ratio of the nominal aluminum cladding thickness (sum of two sides of cladding) and the
nominal matrix thickness could result in changes in the mechanical properties of the
final product.

(SAR Sections 9.1.7.3 and 9.5.3.4) Describe how the edges of the neutron poison
Plates of aluminum clad neutron absorbers will be adequately sampled for flaws to
ensure that edge cracks will be detected.

Cracks may form at the edges of aluminum clad neutron absorbers or on plates with
high boron carbide volume fractions (> 40%) during rolling, which may result in localized
regions deficient in boron carbide. This is of particular concern in the case of aluminum
clad MMCs, where edge cracking may not be detectable by visual inspection.

This information is required for compliance with 10 CFR 72.124(b) and 10 CFR
72.236(c).

Response to 9.5
Neutron absorber edges are in practice not sampled, but are 100% visually inspected.

Clad MMCs are manufactured by extruding or rolling material that is compacted in a can.
The result is that the edges of the master sheet are solid aluminum, and are not
particularly susceptible to cracking. The greater concern is that the solid portions are
fully removed in cutting the finished absorber pieces from the master sheet. Therefore,
Transnuclear proposes the following revisions to SAR Sections 9.1.7.1, 9.1.7.2 and
9.1.7.3.

9.1.7.3: Boral. Replace “Visual inspections shall be performed verify that the Boral®
core is not exposed through the face of the sheet at any location” with “Each finished
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9.6

Boral piece shall be visually inspected on faces and edges. Any piece with cracks
through the cladding, exposed core on the face of the sheet, or solid aluminum at the
edge of the sheet will be treated as non-conforming.”

The purpose of NRC's reference to SAR Section 9.5.3.4 is not clear. Sections 9.1.7.1
and 9.1.7.2 cover visual inspections for borated aluminum and metal matrix composites
respectively. These paragraphs are revised to enhance by specifying 100% visual
inspection, which is the current practice. The paragraphs on MMCs are similarly
expanded to require that the matrix does not show through the face, and that the edges
don’t show solid aluminum. Transnuclear has revised the following Sections:

9.1.7.1: Borated Aluminum. Add “Each finished borated aluminum piece shall be
visually inspected on both faces”

9.1.7.2: MMC. Add “Each finished borated aluminum piece shall be visually inspected
on both faces,” and “MMCs with an integral aluminum cladding shall also be inspected
on the edges, and visual inspection shall include verification that the matrix is not
exposed through the faces of the aluminum cladding and that solid aluminum is not
present at the edges”

(SAR Section 9.5.3.1) Clarify if the 3% maximum permissible porosity for the aluminum
clad metal matrix composites (MMCs) pertains to the open, closed, or total porosity of
the MMCs. Quantitatively describe the pore size distribution in these MMCs.

The porosity of the MMCs influences the mechanical strength and corrosion resistance
of the MMCs. Pores greater than the average boron carbide particle size, or smaller,
interconnected pores (even if enclosed), can affect the homogeneity of the boron carbide
distribution in the neutron absorbing material. This, in turn, could lead to neutron
streaming, and a reduction in the neutron absorbing effectiveness of the MMCs.

This information is required for compliance with 10 CFR 72.124(b) and 10 CFR
72.236(c).

Response t0 9.6

The 3% refers to total porosity. Paragraph 9.5.3.4(b) limits the interconnected porosity
lo essentially zero. Pore size distribution is not known. Pores of sufficient size and
quantity to effect neutron transmission sufficiently to increase K.y, are highly unlikely in a
material that is at or above 97% of theoretical densily with the limitations on boron
carbide particle size and percentage that Transnuclear imposes. In any event, such a
phenomenon, if it was significant, would be picked up by the neutron attenuation testing
and statistical analysis. Because neutron attenuation testing uses a collimated neutron
beam, if there is any streaming, it results in higher transmission, and correspondingly
lower areal density measurement. That is, neutron attenuation testing by its very nature

accounts for any streaming in its results — it measures the “effective” B10 areal density.

Note that no structural credit is being taken for this material’s mechanical properties in
the stress and buckling analysis of the basket. Any effect of pore size and distribution
on mechanical properties is accounted for in the results of tensile or bending testing. As
discussed above, the effect of pores on corrosion is insignificant when they are isolated
pores.
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9.7

9.8

(SAR Section 9.5.3.1) Specify how the aluminum clad neutron absorbers will be visually
inspected and the qualifications of the individuals performing the inspection to ensure
that the aluminum cladding is intact and that the internal core is not exposed to the spent
fuel pool environment.

According to Section 9.5.3.4, “testing or examination for exposed interconnected
porosity shall be performed by a means to be approved by the Certificate Holder.” The
Staff requests that the applicant specify how the aforementioned testing or examinations
will be conducted.

This information is required for compliance with 10 CFR 72.124(b) and 10 CFR
72.236(c).

Response to 9.7

It is not clear how this question applies to SAR Section 9.5.3.1, which is applicability and
scope of MMC qualification testing, and is not connected to visual inspection for
acceptance.

Because clad MMCs will not have interconnected porosity, and will be at least 97% of
theoretical densily, there is no particular concern if their matrix is exposed, but
Transnuclear has nonetheless proposed to add the “no exposed matrix through the face
of the aluminum cladding” requirement to the visual inspections in response to RAl 9.5
above.

Visual examinations are performed according to SAR Sections 9.1.7.1, .2, and .3. The
inspector must, of course, understand the acceptance criteria, but because the visual
inspections do not involve characteristics of the material critical for design performance,
no special qualifications are required. This is consistent with the surface inspection of
any steel or aluminum mill plate under ASTM specifications.

Regarding Section 9.5.3.4 testing for interconnected porosity, to date, Transnuclear has
accepted results by ASTM B328-96. This test method is widely used in developing self-
lubricating powder metallurgy parts, which requires a quantified measure of a material’'s
interconnected porosity, and commonly referenced in standard specifications for powder
metallurgy structural parts, e.q., ASTM B595. Transnuclear finds this test method
suitable for quantifying the interconnected porosity of MMCs.

(SAR Section 9.5.3.3) Demonstrate that the aluminum clad metal matrix composites
(MMCs) are adequately resistant to the combined affects of corrosion and heating which
the MMCs are expected to see during loading and drying of the spent fuel canister.

The aluminum clad metal matrix composites proposed in the amendment are different
enough from the unclad material, that qualifying corrosion and thermal damage testing
should be considered. The corrosive affects of a spent fuel pool environment in
combination with subsequent drying may produce a synergistic effect leading to cracking
and/or delaminating of the aluminum clad metal matrix composites.
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9.9

9.10

This information is required for compliance with 10 CFR 72.120(d), 10 CFR 72.124(b)
and 10 CFR 72.236(c).

Response to 9.8

The phenomena described are due not so much to corrosion as the intrusion of water
into the porous structure at the edges of a coarse, low compaction cermet under
conditions of hydrostatic testing, and the subsequent inability of the water to escape
rapidly enough when subjected to rapid heatup characteristic of thermal testing.

By specifying a material with much finer boron carbide particles, much higher density,
and no interconnected porosity, Transnuclear is specifying a material that is essentially
different than Boral®, and would not be subject to water intrusion and the associated
phenomena. -

(SAR Section 9.5.3.4) Provide statistically significant qualifying data demonstrating that
the aluminum clad metal matrix composites meet the minimum mechanical properties
specified in Section 9.5.3.4 and the porosity requirements specified in Section 9.5.3.1
(see RAIl 9-6).

The aluminum clad metal matrix composites proposed in the amendment are different
enough from the unclad material, that qualifying mechanical testing and porosity
measurements should be considered.

This information is required for compliance with 10 CFR 72.124(b) and 10 CFR
72.236(c).

Response to 9.9

The purpose of the qualification tests specified in SAR Section 9.5.3.4 is to allow
Transnuclear to evaluate candidate materials in accordance with an approved plan with
clear acceptance criteria, and to accept such materials independently. Note that the
qualification test data from one MMC would be irrelevant for the other MMC, or even for
a later version of the same MMC with a higher percentage of boron carbide.

Because we are not taking credit for the mechanical properties of the material in our
structural analysis, there is no need to perform a statistically significant number of tensile
tests. The testing specified in SAR Section 9.5.3.4 is intended only to show that the
process for making the material is capable of providing a product that has some minimal
strength and ductility.

(Technical Specifications) In the Technical Specifications, incorporate by reference
controlling documents which link the fabrication details of the neutron absorbing
materials outlined in Section 9 of the Safety Analysis Report to the procedures which
were used to produce the originally qualified neutron absorbing materials.

The fabrication procedures for the neutron absorbers intended for service in spent

nuclear fuel storage casks should be the same (unless otherwise described) as those
used to produce the neutron absorbers for qualification testing.
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9.11

9.12

This information is needed to assure compliance with 10 CFR .72.44(c)(4).
Response to 9.10

It would be impossible for Transnuclear to include the proprietary process documents of
suppliers in the Technical Specifications. Furthermore, this would defeat the entire
purpose of the qualification and key process controls program, which is to allow
Transnuclear to evaluate and accept neutron absorber materials for use without going
through the amendment process for each specific material.

The key process controls outlined in the SAR Section 9.5.4.3 provide the necessary
technical and quality control over any process changes, while providing flexibility to
improve the product. Placing supplier process controls in the Technical Specifications
would eliminate practical opportunities for improvements in the product, and make this
key process controls section essentially useless. Note that the SAR Section 9.5.4.3 is
already incorporated in the Technical Specification by reference and therefore not
subjected to change without the Staff approval.

Transnuclear, along with the NRC and other industry representatives, participated in the
development of ASTM C 1671. SAR Chapter 9 was developed in parallel with, and is
largely consistent with that standard, including the section on key process controls.

(SAR Section 9.5.3.4) Justify the use of ASTM B311 as a testing method for measuring
porosity of aluminum clad MMCs.

ASTM B311 is a test method used for density determination of powder metallurgy
materials containing less than two percent porosity, yet the maximum permissible
porosity of the aluminum clad MMCs exceeds two percent.

This information is required for compliance with 10 CFR 72.124(b) and 10 CFR
72.236(c).

Response to 9.11

The specified 2% porosity limit ensures that during water immersion the specimen does
not gain mass from absorbed water and cause density values higher than the true value.
For this reason, ASTM B311 states that specimens with high porosity levels must have
their surfaces sealed. Transnuclear procurement specifications do not allow
interconnected surface porosity at the surface of the material. In addition to testing for
interconnected porosity by ASTM B328-96 described in response to RAl 9.7,
Transnuclear or the MMC supplier verify by microscopic examination that the small
presence of internal voids are not interconnected to one another nor connected to the
surface, essentially confirming that there is no interconnected porosity. Products without
interconnected porosity can be tested by ASTM B311 because water has no path inward
to occupy the internal voids, including the case of a 97% dense MMC with an integral
aluminum cladding. Therefore, density test by ASTM B311 is acceptable.

(Licensing Drawings) Clarify or remove the term, “or equivalent” from the licensing
drawing 10494-72-1 when referring to “SA240, Type 304 Steel.”
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9.13

9.14

9.15

Any material equivalent to SA240, Type 304 steel should have identical or superior
mechanical properties, and an accompanying level of quality assurance identical or
superior to materials meeting ASME Code requirements. :

This information is needed to determine compliance with 10 CFR 72.236(b).
Response to 9.12

“or equivalent” is removed from the drawings (10494-72-1 and 10494-72-2003-SAR
Sheet 1 of 5) and a note is added to these drawings. It states that “Altemate material
specifications (plate, bars, or forging) to those specified may be used provided
mechanical properties are equal to or greater than material specified and chemical
composition is the same.”

(Licensing Drawings) Detail or remove the reference to the “alternate weld
configuration” in Note 4 on licensing drawing 10494-72-5 and the “alternate equivalent
weld detail” on Note 1 on licensing drawing 10494-72-17. Alternatively, demonstrate
that these welds have no safety significance.

Any alternate welding configuration must be described adequately, such that a structural
evaluation of the weld can be conducted.

This information is needed to determine compliance with 10 CFR 72.236(b).
Response to 9.13
Note 4 on drawing 10494-72-5 and Note 1 on drawing 10494-72-17 are removed from

both drawings.

(Editorial) Edit Section 9.5.3.4(b) of the Safety Analysis Report (SAR) so that the
maximum permissible porosity of the aluminum clad metal matrix composites is
consistent throughout the SAR.

The applicant should consider amending 9.5.3.4(b) of the SAR so that the porosity (see
RAIl 9-6) of aluminum clad metal matrix composites may not exceed 3% (rather than 2%)
to be consistent with the proposed changes in Amendment 1 to the application.
Response to 9.14

SAR Section 9.5.3.4(b) is revised to clarify the requirements for non-clad and clad-
MMCs.

(Editorial) Clarify the term “full density” as referred to in Section 9.5.3.3 of the SAR.

The applicant may be referring to those MMCs which pass the density acceptance

criteria in Section 9.5.3.4(b), but the term “full density” is usually applied to materials
which are 2 99.9% of theoretical density.
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9.16

Response to 9.15

In the SAR Section 9.5.3.3, the words “full density” is deleted. In context, it is clear that
only MMCs which meet the other specifications in the section are intended.

(Editorial) The title of Section 9.5.3.4 should be clarified.

Section 9.5.3.4 does not refer to a qualification test, but rather an acceptance test of
samples manufactured during a production run. It is suggested that the applicant
rename the title of Section 9.5.3.4 to a title that reflects this more clearly, (e.g., “Required
Acceptance Tests and Examinations to Insure Mechanical Properties”).

Response to 9.16
Tensile tests are not required for acceptance during production runs. They are only
performed once during qualification to verify that the production process results in a

durable, non-brittle product. Note that these materials are not being used with structural
credit as described in response to RAls 9.2 and 9.6.
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CHAPTER 10 — RADIATION PROTECTION

10.1  (Editorial) The first complete bullet point on page 10-6 incorrectly lists the neutron and
gamma ray spectra to be shown in “Table 10-.”

Include the correct table number on page 10-6.

Response to 10.1 |

SAR Chapter 10 is modified to correct the following typographical errors:

Line 1, 3" paragraph,‘ Section 10.2.2, page 10-4, “Table 10-” changed to “Table 10-2”
Line 1, 1% bullet, Section 10.2.2, page 10-6, “Table 10-" changed to “Table 10-3”

Line 1, 6" paragraph, Section 10.2.2.2, page 10-6, “Table 10-” changed to “Table 10-5”
Line 2, 6™ paragraph, Section 10.2.2.2, page 10-6, “Table 10-" changed to “Table 10-6”
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1.0 USE AND APPLICATION

1.1 Definitions

Definitions
1.1

NOTE

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

Technical Specifications and Bases.

Term
ACTIONS

HORIZONTAL
STORAGE MODULE (HSM-H)

DAMAGED FUEL ASSEMBLY

DRY SHIELDED
CANISTER (32PTH DSC)

INDEPENDENT SPENT FUEL
STORAGE INSTALLATION
(ISFSI)

INTACT FUEL ASSEMBLY

LOADING OPERATIONS

Definition

ACTIONS shall be that part of a Specification that
prescribes Required Actions to be taken under
designated Conditions within specified Completion Times.

The HSM-H is a reinforced concrete structure for storage
of a loaded 32PTH DSC at a spent fuel storage
installation.

A DAMAGED FUEL ASSEMBLY is a fuel assembly with
known or suspected cladding defects greater than pinhole
leaks or hairline cracks and which can be handled by
normal means. Fuel assemblies with damage greater
than this can not be stored as damaged fuel assemblies.

A 32PTH DSC is a welded pressure vessel that provides
confinement of INTACT or DAMAGED FUEL

The facility within a perimeter fence licensed for storage
of spent fuel within HSM-Hs.
J

Spent Nuclear Fuel Assemblies without known or
suspected cladding defects greater than pinhole leaks or
hairline cracks and which can be handled by normal
means.

LOADING OPERATIONS include all licensed activities on
a 32PTH DSC while it is being loaded with INTACT or
DAMAGED FUEL ASSEMBLIES, and in a TRANSFER
CASK while it is being loaded with a 32PTH DSC )
containing INTACT or DAMAGED FUEL ASSEMBLIES.
LOADING OPERATIONS begin when the first INTACT or
DAMAGED FUEL ASSEMBLY is placed in the 32PTH
DSC and end when the TRANSFER CASK is ready for
TRANSFER OPERATIONS.
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1.1 Definitions (continued)

Definitions
11

EMBLY

STORAGE OPERATIONS

TRANSFER CASK (TC)

TRANSFER OPERATIONS

UNLOADING OPERATIONS

STORAGE OPERATIONS include ali licensed activities
that are performed at the ISFSI while a 32PTH DSC
containing INTACT or DAMAGED FUEL ASSEMBLIES
is located in an HSM-H on the storage pad within the
ISFSI perimeter.

The TRANSFER CASK consists of a licensed
NUHOMS® 0S187H onsite transfer cask. The
TRANSFER CASK will be placed on a transfer trailer for
movement of a 32PTH DSC to the HSM-H.

TRANSFER OPERATIONS include all licensed activities
involving the movement of a TRANSFER CASK loaded
with a 32PTH DSC containing INTACT or DAMAGED
FUEL ASSEMBLIES. TRANSFER OPERATIONS begin
when the TRANSFER CASK is placed horizontal on the
transfer trailer ready for TRANSFER OPERATIONS and
end when the 32PTH DSC is located in an HSM-H on
the storage pad within the ISFSI perimeter.

UNLOADING OPERATIONS include all licensed
activities on a 32PTH DSC to unload INTACT or
DAMAGED FUEL ASSEMBLIES. UNLOADING
OPERATIONS begin when the 32PTH DSC is removed
from the HSM-H and end when the last INTACT or
DAMAGED FUEL ASSEMBLY has been removed from
the 32PTH DSC.

NUHOMS®HD System Technical Specifications 1-2




Fuel to be Stored in the 32PTH DSC

2.1
2.0 FUNCTIONAL AND OPERATING LIMITS
21 Fuel to be Stored in the 32PTH DSC
PHYSICA_L PARAMETERS:

Intact or damaged Westinghouse 17x17 (WE
17x17), Westinghouse 15x15 (WE 15x15),
Combustion Engineering 16x16 (CE 16x16)
and Combustion Engineering 14x14 (CE
14x14) class PWR assemblies (with or without
control components) that are enveloped by the
fuel assembly design characteristics listed in
Table 2. Reload fuel manufactured by the
same or other vendors but bounded by the
design characteristics listed in Table 2 is also
acceptable.

RECONSTITUTED' FUEL ASSEMBLIES:
o Maximum No. of Reconstituted Assemblies

per DSC With Irradiated Stainless Steel
Rods '

o Maximum No. of Irradiated Stainless Steel
Rods per Reconstituted Fuel Assembly

e Maximum No. of Reconstituted
Assemblies per DSC with unlimited
number of low enriched UQO, rods, or Zr
Rods or Zr Pellets or Unirradiated
Stainless Steel Rods

10

32

Control Components (CCs)

e Up to 32 CCs are authorized for storage in
32PTH DSC.

o Authorized CCs include Burnable Poison
Rod Assemblies (BPRAs), Thimble Plug
Assemblies (TPAs), Control Rod
Assemblies (CRAs), Control Element
Assemblies (CEAs), Rod Cluster Control
Assemblies (RCCAs), Axial Power
Shaping Rod Assemblies (APSRAS),
Orifice Rod Assemblies (ORAs), Vibration
Suppression Inserts (VSIs), Neutron
Source Assemblies (NSAs) and Neutron
Sources.

o Design basis thermal and radiological
characteristics for the CCs are listed in
Table 3.

No. of Intact Assemblies

<32

NUHOMS® HD System Technical Specifications
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Lifting Controls
5.3

53 Lifting Controls

5.3.1 Transfer Cask Lifting Heights

The lifting height of a loaded transfer cask/32PTH DSC, is limited as a function
of location, as follows:

a) The maximum lift height and handling height for all TRANSFER
OPERATIONS where the TC/32PTH is in the horizontal position on the
trailer shall be 80 inches.

b) The maximum lift height of the transfer cask/32PTH DSC shall be
restricted by site (10CFR50) limits for all handling operations except
those listed in 5.3.1a above. An evaluation of the fuel cladding structural
integrity shall be performed for all credible drops under the user’s
10CFR50 heavy loads program.

These restrictions ensure that any 32PTH DSC drop as a function of
location is within the bounds of the accident analysis.

5.3.2 Cask Drop

Inspection Requirement

The 32PTH DSC will be inspected for damage after any transfer cask Side drop
of fifteen inches or greater.

Background

TC/32PTH DSC handling and loading activities are controlled under the 10CFR
50 license until a loaded TC/32PTH DSC is placed on the transporter, at which
time fuel handling activities are controlled under the 10CFR 72 license.

(continued)
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Lifting Controls
5.3

5.3 Lifting Controls (concluded)

5.3.2 Cask Drop (concluded)

Safety Analysis

The analysis of bounding drop scenarios shows that the transfer cask will
maintain the structural integrity of the 32PTH DSC confinement boundary from
an analyzed side drop height of 80 inches. The 80-inch drop height envelopes
the maximum height from the bottom of the transfer cask when secured to the
transfer trailer while en route to the ISFSI.

Although analyses performed for cask drop accidents at various orientations
indicate much greater resistance to damage, requiring the inspection of the
DSC after a Sigé drop of 15 inches or greater ensures that:

1.  The DSC will continue to provide confinement.

2.  The transfer cask can continue to perform its design function regarding
DSC transfer and shielding.
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in Figure 2-2, which contain top and bottom end caps that confine any loose material and gross fuel
particles to a known, sub-critical volume during normal, off-normal and accident conditions and to
facilitate handling and retrievability. Reactor records, visual/videotape records, fuel sipping, ultrasonic
examination, and radio chemistry are examples of techniques utilized by utilities to identify damaged
fuel.-

The end caps are sized to fit inside the fuel compartment (see drawing 10494-72-30). The bottom end
cap is slid into the fuel compartment before loading the fuel, utilizing a special tool.

After fuel loading, a top end cap is placed into the fuel compartment. The end caps are not
“attached” to the basket, but are a slip/friction fit into the basket compartment. The fuel assembly is
thus enclosed/confined by the fuel compartment walls and the end caps. The DSC inner top cover
prevents any significant movement of the top end cap. The damaged fuel assemblies can be retrieved
simply by removing the top end cap and grappling the fuel assembly by normal means.

The NUHOMS®-32TH DSC basket is designed with three alternate poison materials: Borated
Aluminum alloy, Boron Carbide/Aluminum Metal Matrix Composite (MMC) and Boral®.

The NUHOMS®-32PTH DSC basket is analyzed for seven alternate basket configurations,
depending on the boron loadings and poison materials.

A summary of the alternate poison loadings considered for each poison material as a function of
basket types is presented below:

Minimum B10 Areal Density, g/cm’
NUHOMS®-32PTH DSC | Natural or Enriched Boron ®

. Boral

Basket Type Aluminum Alloy / Metal
Matrix Composite (MMC) (Type II)
(Type ) P

A 0.007 0.009

B 0.015 0.019

C 0.020 0.025

D 0.032 N/A

E 0.050 N/A

Table 2-2 shows a parametric equation that can be utilized to qualify spent fuel assemblies for the
defined decay heat load zones. The decay heat load can be calculated based on a fuel assembly’s
burnup, cool time, and initial enrichment parameters. This table ensures that the fuel assembly
decay heat load is within the appropriate zone. The development of this equation is provided in
Appendix 4.16.2.

The maximum fuel cladding temperature limit of 400°C (752°F) i i&ét,@ﬂ normal conditions of
storage and all short term operations from @ spent fuel pool to the ISFSI pad including vacuum

drying and helium backfilling of the NUHOMS®-32PTH DSC per Interim Staff Guidance (ISG)

2-2 Amendment 1, Rev. 1, 12/08
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No. 11, Revision 3 [15]. In addltlon the change in fuel cladding temperature ;

than 65°C (117°F) and =1s,,lzmwg“ggg to less than 10 cycles during DSC drying, backﬁllmg and transfer
operations [15].

The maximum fuel cladding temperature limit is set to 570°C (1058°F) for accidents or off-normal
thermal transients [15].

Calculations were performed to determine the fuel assembly type which was most limiting for each
of the analyses including shielding, criticality, thermal and confinement. These evaluations are
performed in Chapters 5 and 6. The fuel assembly classes considered are listed in Table 2-1. It was
determined that the Framatome ANP Advanced MK BW 17x17 (a WE 17x17 Class Assembly) is the |
enveloping fuel design for the shielding, thermal and confinement source term calculation because of
its total assembly weight and highest initial heavy metal loading. The bounding source term for
shielding analysis is described in Table 2-3. Table 2-4 presents the thermal and radiological source
terms for the CCs.

These values are consistent with the cumulative exposures and cooling times of the fuel assemblies.
The gamma spectra for the bounding fuel assembly and CCs are presented in Chapter 5.

The shielding evaluation is performed assuming 32 fuel assemblies with the parameters

corresponding to a decay heat of 1.5kW per fuel assembly. Any fuel assembly that is thermally |
qualified by Table 2-2 is also acceptable from a shielding perspective since the maximum decay heat
load is 1.5 kW and only eight (8) are allowed in the 32PTH DSC. The shielding analysis assumes

32, 1.5 kW assemblies are in the 32PTH DSC. Minimum initial enrichments are defined for each of
the zones to assure the shielding evaluation is bounding.

For criticality safety, the WE 17x17 is the most reactive assembly type for a given enrichment. This
assembly is used to determine the most reactive configuration in the DSC. Using this most reactive
configuration, criticality analysis for all other fuel assembly classes is performed to determine the
maximum enrichment allowed as a function of the soluble boron concentration and fixed poison
plate loading. These results are shown in Table 2-6 and the analyses results are presented in
Chapter 6.

For calculating the maximum internal pressure in the NUHOMS®-32PTH DSC, it is assumed that
1% of the fuel rods are damaged for normal conditions, up to 10% of the fuel rods are damaged for
off normal conditions, and 100% of the fuel rods will be damaged following a design basis accident
event. A minimum of 100% of the fill gas and 30% of the fission gases within the ruptured fuel rods
are assumed to be available for release into the DSC cavity, consistent with NUREG-1536 [17].

The maximum internal pressures used in the structural analysis for the NUHOMS®-32PTH DSC are
15 and 20 psig for normal and off-normal storage and transfer conditions respectively and 120 and
70 psig during transfer and storage accident conditions respectively.

The structural integrity of the fuel cladding due to the side drop is analyzed in Section 3.5.3. The
end and corner drops are not considered credible during storage and transfer. The structural
integrity of the fuel cladding due to these loads will be addressed by the users under their site
license (10CFR50).
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2-21 Amendment 1, Rev. 1, 12/08



NUHOMS® HD System Updated Final Safety Analysis Report Rev. 1. 9/07

4.1
4.2
4.3

4.4

4.5

4.6

4.7
4.8

4.9

4.10

CHAPTER 4
THERMAL EVALUATION

Table of Contents

THERMAL EVALUATION 4-1
Discussion 4-1
Summary of Thermal Properties of Materials 4-3
Thermal Evaluation for Normal and Off-Normal Conditions 4-9
4.3.1 Thermal Models for Normal and Off-Normal Conditions..........ccceveeecmmrveeeenerrereeeennnens 4-9
4.3.2 Maximum Temperatures for Normal and Off-Normal Conditions...........cceeververvrverrennns 4-20
4.3.3  Minimum Temperatures for Normal and Off-Normal Conditions ..........cccecveeverveverrennes 4-21
4.3.4 Maximum Internal Pressures for Normal and Off-Normal Conditions .......c.eceevvveennee. 4-21
4.3.5 Maximum Thermal Stresses for Normal and Off-Normal Conditions ..........ccccuevveueennes 4-21
4.3.6 Evaluation of Thermal Performance for Normal and Off-Normal

CONAIIONS ...ttiivieeeiieeccrier et certt e e e e e e ete e e srsessers saseesossssesnseessbeeeaseees sanessseesssnsos 4-21
Thermal Evaluation for Accident Conditions 3 4-22A
4.4.1 Thermal Models for Accident Conditions ...........cceovvevvevvveveeieiieiie et eeeanes 4-22A
4.4.2 Maximum Temperatures for Accident Conditions ..........cceeeevevevreeireereeeeneeceeeresnennenne 4-27
4.4.3 Maximum Internal Pressures for Accident ConditionS.........coeevvveevivrernvevinieeenseereeeesnne 4-28
4.44 Maximum Thermal Stresses for Accident Conditions........ccovvevvervienireneenieenreeneennens 4-28
4.4.5 Evaluation of Thermal Performance for Accident Conditions ..........c.ccceeevevvercvrecvnnnnen. 4-28
Thermal Evaluation for Loading and Unloading Conditions 4-29
4.5.1  VaCuUum DIYING....cocciriiiiiniitactiininieseseisessessessesesessesessessesessessessessessessasessssssssessesses
4.52  REfIOOAING .ouviuiiiiiiieri ettt st este st s se s et et sn e e e e esneseesassesseesesssessssensensenes
Maximum Internal Pressure
4.6.1  Average Gas TEMPETAtUTE .......cccoverrvirirrererrerssessessessessuesserssasessseseessesseessessesssssssessenes
4.6.2 Amount of Initial Helium Backfill........c.cocociviiiieiiiiireirienieninicnieenreseeeseeeveeseeeveesneeas
4.6.3 Free Gas within Fuel Assemblies / BPRA .....ccouriiiiiierieectie et citeeesre s eree s sreessres e
4.6.4 Total Amount of Gas Within DSC .....ooeeiiiceieee ettt sre e s
4.6.5 Maximum DSC INternal PreSSUTES......ccccivciriiiievriecreenreesreesreeseenseeesseesseesssesssesssesossens
4.6.6 Maximum Pressure in ANNUIUS......oooviieei e et e cecteeeraeecereesesaressesresssressnsaessnne
Axial Decay Heat Profile.......
Effective Fuel Properties
A.8.1  DISCUSSION...eiiiiiieciieeciieiicetreesteeeteeervterntesteeereesveesseseseeoresssseassessrsesssesesssessesstessntssssessessns
4.8.2  Summary of Material Properties......ccovvvevrievieereenrerinenioniieneniirrrsresescesessesseseessessenans
4.8.3  Effective Fuel CondUCIVILY ...c.covoiriiieccierenie et eeeeeseesienen e sressnsssesveesesssessnas
4.8.4 Effective Fuel Density and Specific Heat.......cocceoenevinieneeeneciiinenrcee e
4.8.5 Conclusion
4:8'6 - Effect of tion:on; Q2 Thermal Conductiv
Effective Conductivity of Fluids in the Transfer Cask
4.9.1 Effective Conductivity in the Shielding Panel...........ccccoceevinirreneniininnieneinerenneniesessennns
492 Effective Water Conductivity in Annulus between TC and DSC.......cccccvvrrererererennns 4-50
Justification of the Assumed Hot Gap Sizes... 4-52
4.10.1 Radial Gap between Basket Rails and DSC shell........cccccooovievniniinieniinicneneninnnnenrennes 4-52
4.10.2 Radial Gap between Lead and the Cask Structural Shell..........cccoooiviicininninnes cennd-53

4-i Amendment 1, Rev. 1, 12/08



NUHOMS® HD System Final Safety Analysis Report

Rev. 0, 1/07

4.8.1

Discussion

4.8

Effective Fuel Properties

The NUHOMS®-32PTH DSC finite element models simulate the effective thermal properties of
the fuel with a homogenized material occupying the volume within the basket where the fuel
assemblies are stored. Effective values for density, specific heat, and conductivity are determined
for this homogenized material for use in the finite element models.

The 32PTH DSC is capable of handling a variety of spent PWR fuel assemblies. In order to
determine conservative thermal properties of the homogenized fuel assembly, all of the PWR
fuel assemblyies types to be stored in the 32PTH DSC are studied. WE and MK BW fuel
assemblies are considered in one category with active fuel length of 144”. The lowest effective
thermal conductivity, density, and specific heat of these studied fuel assembly groupies are
selected to apply in the finite element model. Use of these properties would conservatively
predict bounding maximum temperatures for the components of the NUHOMS®-32PTH DSC.
The effective fuel properties for CE 14x14 assembly are considered separately since CE 14x14
assembly has a shorter active fuel length.

The characteristics of the fuel assemblies to be stored in the 32PTH DSC are listed in Table 4-12.

4.8.2 Summary of Material Properties

1. UO2, Fuel Pellets

Conductivity and specific heat for fuel pellets are taken from [30] and listed below.

Temperature (°C) | k (cal/s-cm-°C) [30] Temperature (°F) ki (Btu/hr-in-°F)
25 0.025 77 0.503
100 0.021 212 0.423
200 0.018 392 0.362
300 0.015 572 0.302
500 0.0132 932 0.266
700 0.0123 1292 0.248
800 0.0124 1472 0.250
Temperature (°C) C,, (cal/g-°C) [30] ~ Temperature (°F) C, (Btu/lbm-°F)
0 0.056 32 0.056
100 0.063 212 0.063
200 0.0675 392 0.068
400 0.0722 752 0.072
1200 0.079 2192 0.079

ISee Section 4.816 or.effect ofarradiation orithermal.conauctivity of.U03

The density of fuel pellets (UO,) is 10.96 g/cc = 0.396 Ibm/in® [30].

4-43
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4.8.6 Effect of Irradiation on UQ> Thermal Conductivity

Based on Ronchi study [37], UO, thermal conductivity of irradiated UO, with ~62 GWd/t and
irradiation temperature Ty, >1300K drops significantly (more that 50%) compared to un-
irradiated UO,. The thermal conductivity values of UO; in Section 4.8.2 [30] are compared to
the values obtained from [37] study in the figure below.

0.600
- —&— Un-irradiated UO2 [30]
L 0.500 * &
$ \ —a— Irradiated UO2 [37]
£ 0.400
2
e \
.'E' 0.300 v\_‘_\.
2
< 0.200
°
S ‘\.'\b\*\‘\*\‘*\\‘
o 0.100

0.000 T T T T T T T

0 200 400 600 800 1000 1200 1400 1600

Temperature (F)

Irradiated and Un-irradiated UO; T hermal Conductivity

The comparison shows that the [30] values in the fuel assembly temperature range of interest
are higher by approximately a factor of two compared to values obtained from Ronchi study

[37].

Using irradiated UQO; conductivity decreases the effective conductivity of fuel assembly in
transverse direction. Note that as discussed in Section 4.8.3.2, axial effective thermal
conductivity of fuel assembly is calculated based on the fuel cladding material only and does not
include the UQ; fuel pellet thermal conductivity. Therefore, the axial effective conductivity of
fuel assembly is not impacted.

A sensitivity analysis is performed to determine the impact of the irradiated UO; conductivity on
the maximum fuel cladding temperatures. A sensitivity analysis includes two steps. In the first
step, the transverse effective conductivity for fuel assemblies with irradiated and un-irradiated
UO; conductivities are calculated based on the methodology described in Section 4.8.3.1.

In the secbnd step, the calculated fuel assembly effective conductivities from the first step are
used in the 32PTH DSC model from Section 4.3.1.3 to determine the maximum fuel cladding
temperature. Normal transfer conditions for 32PTH DSC in OS187H transfer cask with heat
load zoning configuration 1 at 115°F ambient is selected for this analysis.

The transverse effective conductivity for fuel assemblies calculated based on irradiated [37] and
un-irradiated [30] UO; thermal conductivities are compared in the figure below. The transverse
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effective conductivity for fuel assemblies used in the evaluation based on UQ; properties used in
the ANSYS model for fuel assembly effective conductivity calculation documented in the Section
4.2 (1) is also added to the figure below for reference.

.

—u— Based on Un-irradiated UO2
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As seen in the figure above, the fuel assembly effective thermal conductivity calculated with
irradiated UQO); conductivity is approximately 3% lower than the one calculated with un-
irradiated UO; conductivity at the fuel cladding temperature of 700°F. The results of the
sensitivity runs for the maximum fuel cladding temperature calculation using the DSC model
from Section 4.3.1.3 are summarized in the table below.

Maximum Component Temperatures - Sensitivity Analysis
(32PTH DSC in OSI187H, HLZC #1, 115 °F Ambient)

Component @ @
Fuel Cladding 716 717
?;frlzpartment o2l Rrs
Basket Al Plates 691 691
Basket Rails 560 560
DSC Shell 475 475
Notes:

(1) Effective conductivity for fuel assembly is based on un-irradiated UO, conductivity as shown in

Section 4.2, subsection 1.
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5. SHIELDING EVALUATION

The shielding evaluation presented for the NUHOMS® 32PTH System demonstrates adequacy of
the shielding design for the payload described in Chapter 2. The geometry of the NUHOMS®
System is described in Chapter 1. The heavy concrete walls and roof of the Horizontal Storage
Module (HSM-H) provide the bulk of the shielding for the payload in the storage condition.
During fuel loading and transfer operations, the combination of thick steel shield plugs at the
ends of the 32PTH-DSC and heavy steel/lead/neutron shield material of the OS187H transfer
cask provide shielding for personnel loading and transferring the 32PTH-DSC to the HSM-H.
Figure 5-1 through Figure 5-4 and Table 5-1 provide the general configuration and material
thicknesses of the important components of the NUHOMS® 32PTH System.

For this shielding evaluation, source terms are calculated for the bounding Framatome ANP
Advanced MK BW 17x17 (MK BW 17x17) fuel assembly, a WE 17x17 class fuel assembly.
This fuel assembly is bounding because it contains the greatest mass of fuel.

The 32PTH DSC is also designed to store up to 32 intact standard PWR fuel assemblies with or
without Control Components (CCs) such as burnable poison rod assemblies (BPRAs), Control
Rod Assemblies (CRAs), Control Element Assemblies (CEAs), Rod Cluster Control Assemblies
(RCCAs), Thimble Plug Assemblies (TPAs), Axial Power Shaping Rod Assemblies (APSRAs),
Orifice Rod Assemblies (ORAs), Vibration Suppression Inserts (VSIs), Neutron Sources, and
Neutron Source Assemblies (NSAs). The design basis CC for shielding evaluation is the BPRA}

Several burnup/enrichment combinations with minimum 5 year cooling times are addressed for
the fuel to provide more flexibility in qualifying fuel for storage. These combinations form the
basis for the NUHOMS® 32PTH System fuel specifications in Chapter 12. Bounding operating
histories are assumed for the BPRA with a minimum cooling time of 4 days. The methodology,
assumptions, and criteria used in this evaluation are summarized in the following subsections.

Section 5.4 provides a three dimensional (3-D) shielding analysis for the NUHOMS® 32PTH
System using MCNP [2,6] ‘

The shielding evaluation described in this chapter 5.0 is applicable to the 32PTH DSC in the

OS187H TC and HSM-H. See Appendix A, Chapter A.5 for discussion of applicability of these
analyses for the 32PTH Type 1 DSC in the OS187H Type 1 TC and HSM-H.
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5.1 Discussion and Results

The maximum and average dose rates due to 32 design basis PWR fuel assemblies stored with 32
design basis CCs (BPRAs) in the NUHOMS® 32PTH System are summarized in Table 5-2 |
through Table 5-5. Table 5-2 provides the dose rates on the surface of the HSM-H while Table

5-3 through Table 5-5 provide the dose rates on and around the Transfer Cask (top, bottom and
sides) during fuel loading, and transfer operations.

As previously stated, the NUHOMS® HD System is capable of storing PWR spent fuel, and CCs. |
Based on the source term calculations presented in Section 5.2, the design basis fuel source term

is the Framatome MK BW 17x17 fuel assembly with 60 GWD/MTU burnup, a minimum initial
enrichment of 4.0 weight % U-235 and a cooling time of 7 years. The design basis CC source

term is a BPRA assembly irradiated to 30 GWD/MTU and a cooled for 4 days.

Fuel qualification tables are developed (based on a decay heat equation) that determine the
eligibility of fuel assemblies to be stored in the 32PTH DSC. Since bounding parameters are
utilized in all the 32 fuel assembly locations in the shielding evaluation, fuel qualification is
limited only by the heat capacity of the DSC. This qualification covers fuel assemblies with a
minimum enrichment of 0.2 wt. % U-235 and a minimum cooling time of 5 years. Fuel
assemblies with enrichment between 0.2 wt. % U-235 and 1.5 wt. % U-235 are qualified by
limiting their burnup. This ensures that the shielding analysis is also bounding for these fuel
assemblies.

Reconstituted fuel assemblies where fuel pins that are replaced by lower-enriched pins or non-
fuel pins are also authorlzed for storage. A discussion on the fuel qualification methodology is
provided in Section 5.203,

A discussion of the method used to determine the design basis fuel and CC source terms is
included in Section 5.2,. The model specification and shielding material densities are given in
Section 5.3. The method used to determine the dose rates due to 32 design basis fuel assemblies
with 32 design basis CC in the NUHOMS® 32PTH System is provided in Section 5.4.

Normal and off-normal conditions are modeled with the NUHOMS® 32PTH System intact,
including the filled neutron shield in the transfer cask. The shielding calculations are performed
using the MCNP Monte Carlo transport code [2]. Average and peak dose rates on the front, side,
top and back of the HSM-H and the OS187H Transfer Cask System are calculated. Occupatlonal

doses durmg loadmg, transfer to the ISF

For accident conditions (e.g., cask drop, fire), the transfer cask neutron shield water (shown in
Figure 5-4 is assumed to be removed and a 1 inch void in the lead due to “lead slump’ is also
assumed at the top and/or bottom. Site dose and occupational dose analyses are addressed in
Chapter 10 (including requirements for site specific 72.104 and 72.106 analyses).
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52 Source Specification

Source terms are calculated with the SAS2H (ORIGEN-S) module of SCALE 4.4 [1]. The
following sub-sections provide a discussion of the fuel assembly and CC material weights and
composition, gamma and neutron source terms and energy spectrum. The SAS2H results are
used to develop source terms suitable for use in the shielding calculations.

There are five principal sources of radiation associated with the NUHOMS® 32PTH System that
are of concern for radiation protection. These are: -

1. Primary gamma radiation from the spent fuel

2. Primary gamma radiation from activation products in the structural materials
found in the spent fuel assembly and the CC

3. Primary neutron radiation from the spent fuel
4. Neutrons produced from sub-critical multiplication in the fuel
5. Capture gammas from (n,y) reactions in the NU‘HOMS® 32PTH System materials

The first three sources of radiation are evaluated using SAS2H. The capture gamma radiation

_ and sub-critical multiplication are handled as part of the shielding analysis which is performed
with MCNP.

The neutron flux during reactor operation is peaked in the active fuel (in-core) region of the fuel
assembly and drops off rapidly outside the in-core region. Much of the fuel assembly hardware
is outside of the in-core region of the fuel assembly. To account for this reduction in neutron
flux, each fuel assembly type is divided into four exposure zones. A neutron flux (fluence)
correction is applied to each region to account for this reduction in neutron flux outside the in-
core region. The correction factors are given in Table 5-6. The four exposure zones, or regions
are [4]:

Bottom—Ilocation of fuel assembly bottom nozzle and fuel rod end plugs
In-core—Ilocation of active fuel

Plenum—Ilocation of fuel rod plenum spring and top plug

Top—Ilocation of top nozzle

The Framatome MK BW 17x17 assembly is the bounding fuel assembly design for shielding
purposes because it has the highest initial heavy metal loading as compared to the 14x14, 15x15,
ox16 [6x16 and other 17x17 fuel assemblies which are also authorized contents of the NUHOMS®
32PTH DSC and described in Chapter 2. The SAS2H/ORIGEN-S modules of the SCALE code
with the 44 group ENDF/B-V library are used to generate the gamma and neutron source terms.
For the bounding MK BW 17x17 fuel assembly, an initial enrichment of 4.0 wt% U-235 is
assumed. The fuel assembly is irradiated with a constant specific power of 25 MW/assy to a total
burnup of 60 GWD/MTU. A conservative three-cycle operating history is utilized with a 20 day
down time between each cycle. The fuel assembly masses for each irradiation region are listed in
Table 5-7
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Data for the WE 17x17 assembly is from Reference [7] Some values for the WE 15x15 were
y.masses:for-each:irradiation region
; : v he design-basis heavy metal weight
is 0.476 MTU. These masses are lrradlated in the approprlate fuel assembly region in the
SAS2H/ORIGEN-S models. The mass of hardware for the MK BW 17x17 assembly is the
greatest; however, the source term from the irradiated hardware for the WE 17x17 is bounding.

The maximum burnup of fuel assemblies with enrichments between 0.7 wt% U-235 and 1.5 wt %
U-2335 is limited to 32 GWD/MTU to ensure that their gamma and neutron source terms are
bounded by those of the design basis fuel assembly. Similarly, the maximum burnup of fuel
assemblies with enrichments between 0.3 wt.% U-235 and 0.7 wt.% U-235 is limited to 25
GWD/MTU. The maximum burnup of fuel assemblies with enrichments between 0.2 wt.% U-235
and 0.3 wt.% U-235 is limited to 20 GWD/MTU.

REC ONSTITUTED FUEL ASSEMBLIES

R R SRR S e
) andievaluations for

If reconstituted fuel assemblies (considered as intact fuel in the criticality analyses) with stainless
steel rods undergo further irradiation, their gamma source term on a per DSC basis shall be
bounded by the total design basis gamma source terms shown (on an assembly basis) in Table
5-10 for the design basis fuel assembly.

As explained above, reconstituted fuel assemblies may contain up to 10 irradiated stainless steel
rods that replace damaged fuel rods. Because steel rods replace fuel rods, the decay heat of a
reconstituted assembly is typically less than the decay heat of an equivalent standard assembly.
Conversely, because steel contains Co-59 which activates to form Co-60, for low cooling times a
reconstituted assembly typically generates higher dose rates than an equivalent standard
assembly. As the half-life of Co-60 is 5.27 years, after 10 years the Co-60 activity has reduced by
almost a factor of four and a reconstituted assembly no longer generates higher dose rates than
an equivalent standard assembly. To bound this effect, the fuel qualification tables require that
Jor fuel assembly with irradiated reconstituted steel rods with cooling times less than 10 years,
additional one year of cooling time is required. For cooling times of 10 years or greater, no
additional cooling time is required to bound the reconstituted fuel with steel rods.

TPA

The TPA materials and masses for each irradiation zone are listed in Table 5-8. These materials
are irradiated in the appropriate zone for fourteen cycles of operation. The TPA is irradiated to
an equivalent assembly life burnup of 210 GWd/MTU over 14 cycles. The model assumes that
the TPA is irradiated in an assembly each with an initial enrichment of 3.50 weight % U-235.The
fuel assembly, containing the TPA, is burned for three cycles with a burnup of 15 GWd/MTU
per cycle. This is equivalent to an assembly life burnup of 45 GWd/MTU over the three cycles.
The results for a cooling time of 20 years are increased by the ratio of 14/3 to achieve the
equivalent 210 GWD/MTU source.
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BPRA

The BPRA materials and masses for each irradiation zone are also listed in Table 5-8. These
materials are irradiated in the appropriate zone for three cycles of operation. The model
assumes that the BPRA is irradiated in an assembly each with an initial enrichment of 3.50
weight % U-235. The fuel assembly containing the BPRA is burned for three cycles with a
burnup of 10 GWd/MTU per cycle. This is equivalent to an assembly life burnup of 30
GWdJ/MTU over the three cycles. The source term for the BPRA is taken at 4 days cooling time.

VSi

VSiIs are very similar in design to burnable poison rod assemblies: the stainless steel baseplate
and hold-down spring assembly designs are identical to those used on older Westinghouse
BPRAs. Each VSI contains 24 solid Zircalloy-4 damper rods that are attached to the hold-down
assembly using a crimp nut top connector. The damper rods are the same diameter and length as
BPRA rodlets. The VSIs are assumed to be equivalent in source strength to BPRAs.

Neutron Sources

Neutron sources usually consist of a single pin containing the source material. They are
typically irradiated for several cycles prior to final discharge. The neutron source term from
these series is several orders of magnitude lower than that of the spent fuel. The gamma source
term is bounded by that of a BPRA.

Other CCs

irodlets similarito BPRAs,, However the resultmg source

terms from these’CCs’ a; o required ,d t0 be bounded by that of the design basis BPRA as described
above. '

Elemental Compositions of Structural Materials

To account for the source terms due to the elemental composition of the fuel assembly and CC
structural materials the following methodology is used:

1) The material composition for each irradiation region is determined for the assembly and
CC type.

2) The elemental compositions for each of the structural materials present in each region is
determined by multiplying the total weight of each material in a specific irradiation
zone (Table 5-7) by the elemental compositions. The fuel assembly and NFAH

elemental composition, including impurities, for each material are taken from
Reference [7].
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3) The results of each material are summed to determine the total elemental composition
for each irradiation zone.

4)  The elemental composition is multiplied by the appropriate flux factor given in
Table 5-6.

5) Finally, the elemental composition is entered in the light element card of the SAS2H
input. The elemental composition for the fuel assembly is shown in Table 5-9.

i

Y T SPaT

mbly, /] gjggy@e mgos{tlo om

sign basisfiel assembly

The SAS2H calculation applies the total flux to the light elements; therefore, the total

composition must be adjusted by the appropriate flux factor in the input. A SAS2H input is
created for each irradiation zone of each fuel assembly and CC type. An example input file for |
the active fuel zone is shown in Section 5.5.2.

5.2.1 Gamma Sources

Source terms for the fuel bounding Framatome MK BW 17x17 fuel assembly and associated
burnup/initial enrichment/cooling times and CCs are calculated with SAS2H module and the 44 |
group ENDF/B-V library. The SAS2H calculated contributions from actinides, fission products,
and activation products, as applicable, are included for each irradiation region. The 7-year post
irradiation cooling time results for the MK BW 17x17 fuel with 60 GWD/MTU burnup, and 4.0 -
wt % U-235 initial enrichment are shown in Table 5-10. The post irradiation cooling time results
for the TPA, and BPRA are shown in Table 5-11, and Table 5-12, respectively.

Based on the results presented in Table 5-11 and Table 5-12 (maximum gamma source term) the
design basis CC is the BPRA. The spectrum is dominated by Co-60 for all CC. These design |
basis fuel assembly sources with the BPRA source are used in the MCNP calculations to

determine the bounding dose rates on and around the NUHOMS® 32PTH System, including the
Transfer Cask.

5.2.2 Neutron Source

The total neutron source for the NUHOMS® 32PTH System is also calculated with SAS2H. The
total neutron sources for the MK BW 17x17 assembly is summarized in Table 5-13. Again, the
design basis source term is for 60 GWd/MTU burnup, 4.00 weight % U-235 initial enrichment
and 7-year cooling time. The neutron source term consists primarily of spontaneous fission
neutrons (largely from Cm-244) with (o,0-18) sources of lesser importance, both causing
secondary fission neutrons. The overall spectrum is well represented by the Cm-244 fission
spectrum.
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552 Sample Input Files
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Table 5-6
Flux Factor By Fuel Assembly Region
FuekAeZ?grr‘nbly Flux Factor
Bottom 0.20
In-Core 1.00
Plenum 0.20
Top 0.10
Table 5-7
Fuel Asseml;ly erials and Masses
Mass (kg/assembly)
Region Material WE WE MK BW
15x15 17x17 17x17
Top Fitting
Upper Tie Plate SS 304 6.8 6.8 7.
Hold Down Springs Inconel 718 1.1 1.37 1.1
Plenum
Cladding & Guide Tubes Zr-4 6.1 5.5 6.3
Plenum Spring SS 302 1.5 1.9 4.7
Fuel Zone
-Cladding & Guide Tubes Zr-4 99.2 102.9 109.9*
Grids Zr-4 8.2
Inconel-718 59 5.9 0.8
Grid Brazing Material
Nicrobraze 50 1.2 1.2 -
Miscellaneous
SS 304 4.6 4.6 0.1*
Bottom Fitting
Bottom Tie Plate SS 304 5.7 5.7 4.3
Total 132.1 135.6 142.4

* Clad is M5™ which is treated as Zr-4
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Table 5-9
Fuel Assembly Material Masses
(kg/assembly)

Scaling Factors 0.1 0.2 1 0.2

Top Fitting Plenum Active Fuel Bottom Fitting Total
15x15 :
Chromium 0.1501 0.0555 2.2972 0.2166 2.7194
Manganese 0.0138 0.0060 0.1059 0.0228 0.1485
[ron 0.4879 0.2121 44512 0.7848 5.9360
Cobalt 0.0011 0.0003 0.0328 0.0009 0.0350
Nickel 0.1178 0.0268 43714 0.1017 4.6177
Zirconium 0.0000 1.1945 97.128 0.0000 98.322
Aluminum 0.0007 0.0000 0.0380 0.0000 0.0387
Silicon 0.0070 0.0030 0.0124 0.0000 - 0.0224
Titanium 0.0009 0.0000 0.0473 0.0000 0.0481
Niobium 0.0061 0.0000 0.3272 0.0000 0.3333
Molybdenum -0.0033 0.0000 0.1768 0.0000 0.1801
Tin 0.0000 0.0195 1.6608 0.0182 1.6986
17x17
Chromium 0.1551 0.0698 2.3018 0.2166 2.7433
Manganese 0.0139 0.0076 0.1060 0.0228 0.1503
Iron 0.4927 0.2676 4.4595 0.7848 6.0047
Cobalt 0.0012 0.0003 0.0329 0.0009 0.0353
Nickel 0.1317 0.0339 4.3715 0.1017 4.6388
Zirconium 0.0000 1.0770 100.75 0.0000 101.83
Aluminum 0.0008 0.0000 0.0381 0.0000 0.0389
Silicon 0.0071 0.0038 0.0124 0.0182 0.0415
Titanium 0.0011 0.0000 0.0473 0.0000 0.0484
Niobium 0.0076 0.0000 0.3272 0.0000 0.3348
Molybdenum 0.0041 0.0000 0.1768 0.0000 0.1809
Tin 0.0000 0.0176 1.7200 0.0182 1.7558
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exterior surface of the cask with clean water to minimize surface adhesion of

contamination.

4. Place the cask in the location of the fuel pool designated as the cask loading
area.

5. Disengage the lifting yoke from the transfer cask lifting trunnions and move

the yoke clear of the cask. Spray the lifting yoke with clean water if it is
raised out of the fuel pool.

6. Load pre-selected spent fuel assemblies into the DSC basket compartments.
The licensee shall develop procedures to verify that the boron content of the
water conforms to the Technical Specifications, and that fuel identifications
are verified and documented. Damaged fuel must be loaded only in
designated compartments fitted with a damaged fuel bottom end cap.

7. After all the fuel assemblies have been placed into the DSC and their
identities verified, install damaged fuel top end caps into designated
compartments containing damaged fuel.

8. Lower the inner top cover/shield plug' in the DSC, aligning it with the guide |
on the DSC wall, and engaging the drain tube, until it seats on its support ring.

9. Visually verify that the inner top cover/shield plug is properly seated in the
DSC. Reseat if necessary.

10.  Position the lifting yoke and verify that it is properly engaged with the transfer
cask trunnions.

11.  Lift the transfer cask to the pool surface and spray the exposed portion of the
cask with clean water.

12.  Drain any water from above the inner top cover/shield plug back to the spent
fuel pool. Up to 1300 gallons of water may be removed from the DSC prior
to lifting the transfer cask clear of the pool surface. Up to 15 psig of helium
may only be used to assist the removal of water. The DSC shall be backfilled
only with helium after drainage of bulk water.

13.

14.  Move the cask with loaded DSC to the area designated for DSC draining and
closure operations. The set-down area should be level, or if slightly sloped,
the transfer cask and DSC should be placed with the slope down toward the
DSC drain/siphon tube.

" Including option 2 or option 3 inner top cover as described in Chapter 1 drawings.
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8.1.1.3 -

DSC Closing, Drying, and Backfilling

1.

7a.

10.

Fill the transfer cask liquid neutron shield if it was drained for weight
reduction during preceding operations.

Decontaminate the transfer cask exterior.

Disengage the rigging from the inner top cover/shield plug, and remove the
eyebolts. Disengage the lifting yoke from the trunnions.

Disconnect the annulus overpressure tank if one was used, decontaminate the
exposed surfaces of the DSC shell perimeter, remove any remaining water
from the top of the annulus seal, and remove the seal.

Open the cask cavity drain port and allow water from the annulus to drain out
until the water level is approximately twelve inches below the top of the DSC
shell. Take swipes around the outer surface of the DSC shell to verify
conformance with Technical Specification limits.

Cover the transfer cask / DSC annulus to prevent debris and weld splatter
from entering the annulus.

If water was not drained from the DSC earlier, connect a pump to the DSC

drain port and remove up to 1300 gallons of water. Only use helium to assist |
the removal of water. This lowers the water sufficiently to allow welding of
the inner top cover/shield plug. Up to 15 psig of helium gas may be applied at |
the vent port to assist the water pump down.

CAUTION: Radiation dose rates are expected to be high at the vent and
siphon port locations. Use proper ALARA practices (e.g., use of temporary
shielding, appropriate positioning of personnel, etc.) to minimize personnel
exposure.

Monitor TC/DSC annulus water level to be approximately twelve inches below
the top of the DSC shell and replenish as necessary until drained.

Install the automated welding machine onto the inner top cover/shield plug.

Hydrogen monitoring is required prior to commencing and cont' ously
;}urlng the weldmg of the inner top cover / shield plug pe /
Specification 5:6. Insert a hydrogen monitor intake line through the vent port

such that it terminates just below the inner top cover/shield plug.

Verify that the hydrogen concentration does not exceed 2.4% [1]. If this limit
is exceeded, stop all welding operations and purge the DSC cavity with
hellum v1a the vent port to reduce‘hydrogen(concentratlon safely below the
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CAUTION: Radiation dose rates are expected to be high at the vent and
siphon port locations. Use proper ALARA practices (e.g., use of temporary
shielding, appropriate positioning of personnel, etc.) to minimize personnel
exposure.

12.  Obtain a sample of the DSC atmosphere. Confirm acceptable hydrogen
concentration and check for presence of fission gas indicative of degraded fuel
cladding.

13. If degraded fuel is suspected, additional measures appropriate for the specific
conditions are to be planned, reviewed, and implemented to minimize
exposures to workers and radiological releases to the environment.

14.  Verify that the boron content of the fill water conforms to the Technical
Specifications. Fill the DSC with water from the fuel pool or equivalent source
through the drain port with the vent port open. The vented cavity gas may
include steam, water, and radioactive material, and should be routed
accordingly. Monitor the vent pressure and regulate the water fill rate to
ensure that the pressure does not exceed 15 psig.

15.  Provide for continuous hydrogen monitoring of SC cavity atmosphere
. . . SuReERE g 15 54a%3 LR g O A
during all subsequent cutting operations, per 1o [iSpecification 5.6, to
ensure that hydrogen concentration does not exceed 2.4%. Purge with helium

s

iﬂ; hydrogen concentration below this limit pefor.

ejore,

16.  Provide suitable protection for the transfer cask during cutting operations.

17.  Using a suitable method, such as mechanical cutting, remove the weld of the
outer top cover plate to the DSC shell.

18. Remove the outer top cover plate.

19. Remove the weld of the inner top cover/shield plug to the shell in the same
manner as the outer cover plate. Do not remove the inner top cover/shield plug
at this time unless the removal is being done remotely in a dry transfer system.

20. Remove any remaining excess material on the inside shell surface by grinding.

21.  Clean the transfer cask surface of dirt and any debris which may be on the
transfer cask surface as a result of the weld removal operation.

22.  Engage the yoke onto the trunnions, install eyebolts or other lifting
~attachment(s) into the inner top cover/shield plug, and connect the rigging
cables to the eyebolts/lifting attachment(s).

23.  Verify that the lifting hooks of the yoke are properly positioned on the
trunnions.
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9.1.7 Neutron Absorber Tests

CAUTION

Sections 9.1.7.1 through 9.1.7.3 below are incorporated by reference into the N UHOMS®
CoC 1030 Technical Specifications (paragraph 4.3.1) and shall not be deleted or altered in
any way without a CoC amendment approval from the NRC. The text of these sections is
shown in bold type to distinguish it from other sections.

The neutron absorber used for criticality control in the DSC basket may consist any of the
following types of material:

(a) Boron-aluminum alloy (borated aluminum)
(b) Boron carbide-aluminum metal matrix composite
(c) Boral®

The 32PTH DSC safety analyses do not rely upon the tensile strength of these materials. The
radiation and temperature environment in the cask is not sufficiently severe to damage these
metallic/ceramic materials. To assure performance of the neutron absorber’s design function only
the presence of B10 and the uniformity of its distribution need to be verified, with testing

requirements specific to each material. The boron content of these materials is given in Table 9-
1.

9.1.7.1 Boron Aluminum Alloy (Borated Aluminum)

See the Caution in Section 9.1.7 before deletion or modification to this section.

The material is produced by direct chill (DC) or permanent mold casting with boron
precipitating as a uniform fine dispersion of discrete AlB; or TiB, particles in the matrix of
aluminum or aluminum alloy. For extruded products, the TiB; form of the alloy shall be
used. For rolled products, either the AlB,, the TiB;, or a hybrid may be used.

Boron is added to the aluminum in the quantity necessary to provide the specified
minimum B10 areal density in the final product, with sufficient margin to minimize
rejection, typically 10 % excess. The amount required to achieve the specified minimum
B10 areal density will depend on whether boron with the natural isotopic distribution of
the isotopes B10 and B11, or boron enriched in B10 is used. In no case shall the boron
content in the aluminum or aluminum alloy exceed 5% by weight.

The criticality calculations take credit for 90% of the minimum specified B10 areal density
of borated aluminum. The basis for this credit is the B10 areal density acceptance testing,
which shall be as specified in Section 9.5.2. The specified acceptance testing assures that at
any location in the material, the minimum specified areal density of B10 will be found with
95% probability and 95% confidence.

Visual inspections shall follow the recommendations in Aluminum Standards and Data,
Chapter 4 “Quality Control, Visual Inspection of Aluminum Mill Products and

Castings”[5]. Each-finished borated aluminum piece shallibewvisually;in ‘on bothfaces.
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Local or cosmetic conditions such as scratches, nicks, die lines, inclusions, abrasion,
isolated pores, or discoloration are acceptable. Widespread blisters, rough surface, or
cracking shall be evaluated for acceptance in accordance with the Certificate Holder’s QA
procedures.

9.1.7.2 Boron Carbide / Aluminum Metal Matrix Composites (MMC)

See the Caution in Section 9.1.7 before deletion or modification to this section.

The material is a composite of fine boron carbide particles in an aluminum or aluminum
alloy matrix. The material shall be produced by either direct chill casting, permanent mold
casting, powder metallurgy, or thermal spray techniques. It is a low-porosity product, with
a metallurgically bonded matrix. The boron carbide content shall not exceed 40% by
volume. The boron carbide content for MMCs with an integral aluminum cladding shall not
exceed 50% by volume.

Prior to use in the 32PTH DSC, MMC:s shall pass the qualification testing specified in

Section 9.5.3, and shall subsequently be subject to the process controls specified in Section
9.5.4.

The criticality calculations take credit for 90% of the minimum specified B10 areal density
of MMCs. The basis for this credit is the B10 areal density acceptance testing, which is
specified in Section 9.5.2. The specified acceptance testing assures that at any location in
the final product, the minimum specified areal density of B10 will be found with 95%
probability and 95% confidence.

Visual inspections shall follow the recommendations in Aluminum Standards and Data,
Chapter 4 “Quality Control, Visual Inspectlon of Aluminum Mill Products and Castings”
[5]. Eaé, ‘lfmshed MMC piece.shall. bewtsuallv inspected on both faces) Local or cosmetic
conditions such as scratches, nicks, die lines, inclusions, abrasion, isolated pores, or
discoloration are acceptable. Widespread blisters, rough surfaces, or cracking shall be
evaluated for acceptance in accordance with the Certificate Holder’s QA procedures

References to metal matrix composites throughout this chapter are not intended to refer to
Boral®, which is described in the following section.

9.1.7.3 Boral®

See the Caution in Section 9.1.7 before deletion or modification to this section.

This material consists of a core of aluminum and boron carbide powders between two outer
layers of aluminum, mechanically bonded by hot-rolling an “ingot” consisting of an
aluminum box filled with blended boron carbide and aluminum powders. The core, which
is exposed at the edges of the sheet, is slightly porous. The average size of the boron carbide
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particles in the finished product is approximately 50 microns after rolling. The nominal
boron carbide content shall be limited to 65% (+ 2% tolerance limit) of the core by weight.

The criticality calculations take credit for 75% of the minimum specified B10 areal density
of Boral®. B10 areal density will be verified by chemical analysis and by certification of the
B10 isotopic fraction for the boron carbide powder, or by neutron transmission testing. .
Areal density testing is performed on an approximately 1 cm? area of a coupon taken near
one of the corners of the sheet produced from each ingot. If the measured areal density is
below that specified, all the material produced from that ingot will be either rejected, or
accepted only on the basis of alternate verification of B10 areal density for each of the final
pieces produced from that ingot.

9.2 Maintenance Program

The NUHOMS® HD System is designed to be totally passive with minimal maintenance
requirements. The 32PTH DSC does not require any maintenance once it is loaded into the
HSM-H. The HSM-H does not require any maintenance other than that indicated in off-normal
operations, Chapter 11, such as clearing of blocked air inlets. Periodic inspection is therefore
limited to the Transfer Cask.

9.2.1 Inspection

The following inspections of the transfer cask should be performed prior to each fuel loading or
unloading campaign:

A. Visual inspection of the transfer cask trunnions for damaged bearing surfaces
B Visual or functional inspection of all taps, threaded inserts, and bolts

C. Functional inspection of all quick-connect fittings

D Visual inspection of the interior surface of the cask for any indications of

excessive wear.
E. Visual inspection of the neutron shield jacket for indications of damage
F. Visual inspection of all Transfer Cask o-rings for indications of damage

Within the year prior to any loading or unloading campaign, the top trunnion bearing surfaces
and accessible welds shall be examined by dye penetrant. No linear indications shall be
acceptable other than surface scratches and wear.

922 Tests

The Transfer Cask lid and ram access cover o-rings, vent and drain quick connect fittings, and
neutron shield fittings shall be leak tested within the year before the start of any fuel loading or
unloading campaign. If bubble leak testing is used, no leak indication is allowed. If pressure
drop or helium leak testing is used, the maximum allowable leak for each of the components
listed is 107 ref cm?/s. If any of the listed components is replaced, that component shall be leak
tested before use in fuel loading or unloading operations.
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No periodic testing of the 32PTH DSC, HSM-H or routine support equipment is required.

Temperature and radiation monitoring is provided in accordance with the Technical
Specifications. Periodic calibration of the monitoring equipment shall be as required by the
licensee’s quality program.

9.2.3 Repair, Replacement. and Maintenance

Any parts which fail inspections listed in 9.1.2 shall be repaired or replaced. Such parts may be
also be accepted as-is if determined appropriate by engineering and licensing review.

9.3 Marking

The HSM-H and 32PTH DSC are marked with the model number, unique identification number,
and empty weight in accordance with 10 CFR 72.236(k). The 32PTH DCS nameplate is shown
in drawing 10494-72-7.

9.4 Pre-Operational Testing and Training Exercise

A dry run training exercise of the loading, closure, handling, unloading, and transfer of the
NUHOMS® HD System shall be performed by each licensee prior to their first use of the system
to load spent fuel assemblies. The dry run shall be conducted with simulated fuel to match the
weight of the actual fuel. The dry run need not be performed in the sequence of operations in
Chapter 8. The dry run shall include:

(a) Loading of mock-up fuel

(b) DSC draining, vacuum drying, welding, and backfilling _

(c) Loading of the Transfer Cask onto the Transfer Trailer, and transfer to the ISFSI

(d) DSC transfer to the HSM-H

(e) DSC retrieval from the HSM-H

(f) Re-flooding of a sealed 32PTH DSC

(g) Removal of the covers from a sealed 32PTH DSC
The dry run will simulate, as nearly as possible, the detailed written procedures developed by the
licensee for NUHOMS® HD System operations. Guidelines for the dry run follow.

A. An actual or a mock-up 32PTH DSC loaded with mock-up fuel is typically utilized. The
32PTH DSC is loaded into the transfer cask; the transfer cask/DSC annulus seal is
installed.

B. Functional testing is performed with the transfer cask and lifting equipment. These tests
are to ensure that the transfer cask can be safely lifted from the plant's cask receiving area
to the cask washdown area. The cask is partially lowered into the spent fuel pool and
positioned in the cask loading area to verify clearances and travel path. The inner top
cover is installed to verify handling and alignment operations.

C. The transfer cask is placed on the transfer trailer, which is moved to the ISFSI aligned
with an HSM-H. Compatibility of the transfer trailer with the transfer cask, verification
of the transfer route to the ISFSI, and maneuverability within the confines of the ISFSI
are verified.

9-6 Amendment 1, Rev. 1, 12/08



NUHOMS® HD System Updated Final Safety Analysis Report Rev. 0, 1/07

thermal conductivity acceptance criterion for the neutron absorber will be based on the nominal
thickness specified. The minimum thermal conductivity shall be such that the total thermal
conductance (sum of conductivity * thickness) of the neutron absorber and the aluminum 1100
plate shall equal the conductance assumed in the analysis, as shown in Table 9-3, where the
acceptance criterion is highlighted.

The aluminum 1100 plate does not need to be tested for thermal conductivity; the material may
be credited with the values published in the ASME Code Section II part D. The neutron absorber
material need not be tested for thermal conductivity if the nominal thickness of the aluminum
1100 plate is 0.425 inch or greater. This case is examined explicitly in chapter 4, where no credit
is taken for the thermal conductivity of Boral®.

9.5.2 Specification for Acceptance Testing of Neutron Absorbers by Neutron Transmission

CAUTION

Section 9.5.2 is incorporated by reference into the N UHOMS® CoC 1030 Technical
Specifications (paragraph 4.3.1) and shall not be deleted or altered in any way without a
CoC amendment approval from the NRC. The text of this section is shown in bold type to
distinguish it from other sections.

Neutron Transmission acceptance testing procedures shall be subject to approval by the
Certificate Holder. Test coupons shall be removed from the rolled or extruded production
material at locations that are systematically or probabilistically distributed throughout the
lot. Test coupons shall not exhibit physical defects that would not be acceptable in the
finished product, or that would preclude an accurate measurement of the coupon’s
physical thickness.

A lot is defined as all the pieces produced from a single ingot or heat. If this definition
results in lot size too small to provide a meaningful statistical analysis of results, an
alternate larger lot definition may be used, so long as it results in accumulating material
that is uniform for sampling purposes.

The sampling rate for neutron transmission measurements shall be such that there is at
least one neutron transmission measurement for each 2000 square inches of final product
in each lot.

The B10 areal density is measured using a collimated thermal neutron beam of up to 1.2
centimeter diameter. A beam size greater than 1.2 centimeter diameter but no larger than
1.7 centimeter diameter may be used if computations are performed to demonstrate that
the calculated Kegrective Of the system is still below the calculated Upper Subcritical Limit
(USL) of the system assuming defect areas the same area as the beam.

The neutron transmission through the test coupons is converted to B10 areal density by
comparison with transmission through calibrated standards. These standards are
composed of a homogeneous boron compound without other significant neutron absorbers.
For example, boron carbide, zirconium diboride or titanium diboride sheets are acceptable
standards. These standards are paired with aluminum shims sized to match the effect of
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neutron scattering by aluminum in the test coupons. Uniform but non-homogeneous
materials such as metal matrix composites may be used for standards, provided that testing
shows them to provide neutron attenuation equivalent to a homogeneous standard.

Alternatively, digital image analysis may be used to compare neutron radioscopic images of
the test coupon to images of the standards. The area of image analysis shall be up to 1.1
em’,

The minimum areal density specified shall be verified for each lot at the 95% probability,
95% confidence level or better. The following illustrates one acceptable method.

The acceptance criterion for individual plates is determined from a statistical analysis of
the test results for their lot. The B10 areal densities determined by neutron transmission
are converted to volume density, i.e., the B10 areal density is divided by the thickness at the
location of the neutron transmission measurement or the maximum thickness of the
coupon. The lower tolerance limit of B10 volume density is then determined, defined as the
mean value of B10 volume density for the sample, less K times the standard deviation,
where K is the one- snded tolerance llmlt factor with 95% probablllty and 95% confidence

Finally, the minimum specified value of B10 areal density is divided by the lower tolerance
limit of B10 volume density to arrive at the minimum plate thickness which provides the
specified B10 areal density.

Any plate which is thinner than this minimum or the minimum design thickness, whichever
is greater, shall be treated as non-conforming, with the following exception. Local
depressions are acceptable, so long as they total no more than 0.5% of the area on any
given plate, and the thickness at their location is not less than 90% of the minimum design
thickness.

Non-conforming material shall be evaluated for acceptance in accordance with the
Certificate Holder’s QA procedures.

9.5.3 Specification for Qualification Testing of Metal Matrix Composites

9.5.3.1 Applicability and Scope

Metal matrix composites (MMCs) shall consist of fine boron carbide particles in an aluminum or
aluminum alloy matrix. The ingot shall be produced by either powder metallurgy (PM), thermal
spray techniques, or by direct chill (DC) or permanent mold casting. In any case, the final MMC
product shall have a metallurgically bonded matrix. Boron carbide particles for the products
considered here typically have an average size in the range 10-40 microns, although the actual
specification may be by mesh size, rather than by average particle size. No more than 10% of
the particles shall be over 60 microns. The material shall have negligible interconnected por051ty
exposed at the surface or edges.

Prior to initial use in a spent fuel dry storage or transport system, such MMCs shall be subjected
to qualification testing that will verify that the product satisfies the design function. Key process
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controls shall be identified per Section 9.5.4 so that the production material is equivalent to or
better than the qualification test material. Changes to key processes shall be subject to
qualification before use of such material in a spent fuel dry storage or transport system.

ASTM test methods and practices are referenced below for guidance. Alternative methods may
be used with the approval of the certificate holder.

9.5.3.2 Design Requirements

In order to perform its design functions the product must have at a minimum sufficient strength
and ductility for manufacturing and for the normal and accident conditions of the storage/
transport system. This is demonstrated by the tests in Section 9.5.3.4. It must have a uniform
distribution of boron carbide. This is demonstrated by the tests in Section 9.5.3.5.

9.5.3.3 Durability

There is no need to include accelerated radiation damage testing in the qualification. Such
testing has already been performed on MMCs, and the results confirm what would be expected
of materials that fall within the limits of applicability cited above. Metals and ceramics do not
experience measurable changes in mechanical properties due to fast neutron fluences typical over
the lifetime of spent fuel storage, about 10'> neutrons/cm?.

Thermal damage testing is not required for MMCs consisting only of boron carbide in an
aluminum 1100 matrix, because there is no reaction between aluminum and boron carbide below
842°F, well above the basket temperature under normal conditions of storage or transport’.

Corrosion testing is not required for MMCs consisting only of boron carbide in an aluminum |
1100 matrix, because testing on one such material has already been performed by Transnuclear”.

9.5.3.4 Required Qualification Tests and Examinations to Demonstrate Mechanical Integrity

At least three samples, one each from the two ends and middle of the test material production run
shall be subject to: '

a) room temperature tensile testing (ASTM- B557°) demonstrating that the material has the
following tensile properties:

* Sung, C., “Microstructural Observation of Thermally Aged and Irradiated Aluminum/Boron Carbide (B4C) Metal
Matrix Composite by Transmission and Scanning Electron Microscope,” 1998

* Boralyn testing submitted to the NRC under docket 71-1027, 1998

> ASTM B557 Standard Test Methods of Tension Testing Wrought and Cast Aluminum and Magnesium-Alloy
Products.
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¢ Minimum yield strength, 0.2% offset: 1.5 ksi

e Minimum ultimate strength: 5 ksi

M1n1mum elongation m 2 1nches

1:MMGs. Testing or examination for exposed mterconnected
por031ty shall be performed by a means to be approved by the Certificate Holder.

9.5.3.5 Required Tests and Examinations to Demonstrate B10 Uniformity

CAUTION

Section 9.5.3.5 is incorporated by reference into the N UHOMS® CoC 1030 Technical
Specifications (paragraph 4.3.1) and shall not be deleted or altered in any way without a
CoC amendment approval from the NRC. The text of this section is shown in bold type to
distinguish it from other sections.

Uniformity of the boron distribution shall be verified either by:

(a) Neutron radioscopy or radiography (ASTM E94’, E142%, and E545°) of material from
the ends and middle of the test material production run, verifying no more than 10%
difference between the minimum and maximum B10 areal density, or

(b) Quantitative testing for the B10 areal density, B10 density, or the boron carbide weight
fraction, on locations distributed over the test material production run, verifying that
one standard deviation in the sample is less than 10% of the sample mean. Testing may
be performed by a neutron transmission method similar to that specified in Section
9.5.2, or by chemical analysis for boron carbide content in the composite.

9.5.3.6 Approval of Procedures

Qualification procedures shall be subject to approval by the Certificate Holder.

¢ ASTM B311, Test Method for Density Determination for Powder Metallurgy (P/M) Materials Containing Less
Than Two Percent Porosity

7 ASTM E94, Recommended Practice for Radiographic Testing

8 ASTM E142, Controlling Quality of Radiographic Testing

° ASTM E545, Standard Method for Determmmg Image Quality in Thermal Neutron Radiographic Testing

)

égg STME2903Standard-Methods for Bend 1 end Testingc of ‘Materials
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9.5.4.3 Identification and Control of Key Process Changes

CAUTION

Section 9.5.4.3 is incorporated by reference into the NUHOMS® CoC 1030 Technical
Specifications (paragraph 4.3.1) and shall not be deleted or altered in any way without a
CoC amendment approval from the NRC. The text of this section is shown in bold type to .
distinguish it from other sections.

The manufacturer shall provide the Certificate Holder with a description of materials and
process controls used in producing the MMC. The Certificate Holder and manufacturer
shall identify key process changes as defined in Section 9.5.4.2.

An increase in nominal boron carbide content over that previously qualified shall always
be regarded as a key process change. The following are examples of other changes that
may be established as key process changes, as determined by the Certificate Holder’s
review of the specific applications and production processes:

(a) Changes in the boron carbide particle size specification that increase the average
particle size by more than 5 microns or that increase the amount of particles larger
than 60 microns from the previously qualified material by more than 5% of the total
distribution but less than the 10% limit,

(b) Change of the billet production process, e.g., from vacuum hot pressing to cold isostatic
pressing followed by vacuum sintering,

(c) Change in the nominal matrix alloy,

(d) Changes in mechanical processing that could result in reduced density of the final
product, e.g., for PM or thermal spray MMCs that were qualified with extruded
material, a change to direct rolling from the billet,

(e) For MMCs using a 6000 series aluminum matrix, changes in the billet formation
process that could increase the likelihood of magnesium reaction with the boron
carbide, such as an increase in the maximum temperature or time at maximum
temperature, and

(f) Changes in powder blending or melt stirring processes that could result in less uniform
distribution of boron carbide, e.g., change in duration of powder blending.

two sides g) an
hanges:in:the mechanical propérties of the.

final:product:

In no case shall process changes be accepted if they result in a product outside the limits in
Sections 9.5.3.1 and 9.5.3.4.
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10.2 Radiation Protection Design Features

10.2.1 NUHOMS® HD System Design Features

The NUHOMS® HD System has design features which ensure a high degree of integrity for the
confinement of radioactive materials and reduction of direct radiation exposures during storage.
Those features are described in Section 10.1.2.

10.2.2  Offsite Dose Calculations

Calculated dose rates in the immediate vicinity of the NUHOMS® HD System are presented in
Chapter 5, which provides a detailed description of source term configuration, analysis models and
bounding dose rates. Off-site dose rates and doses are presented in this section. This evaluation
determines the neutron and gamma-ray off-site dose rates including skyshine in the vicinity of the
two generic ISFSI layouts containing design-basis contents in the DSCs.

The first generic ISFSI evaluated is a 2x10 back-to-back array of HSM-Hs loaded with design-
basis fuel and control components (NFAH) in NUHOMS® 32PTH DSCs. The second generic
layout evaluated is two 1x10 front-to-front arrays. This evaluation provides results for distances
ranging from 6.1 to 600 meters from each face of the two arrays.

The total annual exposure for each ISFS] layout as a function of distance from each face is given
in Table 10-Z and plotted in Figure 10-1. The total annual exposure estimates assume 100%
occupancy for 365 days.

The Monte Carlo computer code MCNP 2 calculates the dose rates at the specified locations
around the arrays of HSMs. The results of this calculation provide an example of how to
demonstrate compliance with the relevant radiological requirements of 10 CFR 20 6, 10 CFR 72 5,
and 40 CFR 190 8 for a specific site. Each site must perform specific site calculations to account
for the actual layout of the HSMs and fuel source.

The assumptions for the MCNP analyses are summarized below.

e The 20 HSMs in the 2x10 back-to-back array are modeled as a box enveloping the 2x10 array
of HSMs including the 3-foot shield walls on the two ends of the array. MCNP starts the
source particles on the surfaces of the box.

o The 20 HSMs in the two 1x10 front-to-front arrays are modeled as two boxes which envelope
each 1x10 array of HSMs including the 3-foot shield walls on the two ends and back of each
array. MCNP starts the source particles on the surfaces of one of the boxes.

e The ISFSI approach slab is modeled as concrete. Because the ground composition has, at best,
only a secondary impact on the dose rates at the detectors, any differences between this
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that surface. The activity of each surface is determined by multiplying the sum of the
normalized group fluxes, calculated above, by the average surface dose rate and by the area of
the surface. This calculation is performed for the roof, sides, back and front of the HSM-H.
The sum of the surface activities is then input as the tally multiplier for each of the MCNP
tallies to convert the tally results to fluxes (particles per second per square centimeter).

e Neutron and gamma-ray spectra are shown in Table 10—% The group fluxes on the roof are
taken from the MCNP run. The dose rate contribution from each group is the product of the
flux and the flux-to-dose factor. The “Input Current” column in the tables is simply the roof
flux in each group, divided by half the total dose rate and represents the roof current
normalized to one mrem per hour.

10.2.2.1 Activity Calculations

The surface activities are summarized in Table 10-4.
10.2.2.2 Dose Rates

Dose rates are calculated for distances of 6.1 meters (20 feet) to 600 meters from the edges of the
two ISFSI designs.

Neutron and gamma-ray sources are placed on each surface using the spectra and activities
determined above. The angular distribution of source particles is modeled as a cosine distribution.
The contribution of capture gamma-rays has been neglected, as has the contribution of
bremsstrahlung electrons. The inclusion of coherent scattering greatly increases the variance in a
problem with point detector tallies without improving the accuracy of the calculation. Thus,
coherent scattering of photons is ignored.

For the 2x10 back-to-back array with end shield walls, the “box™ dimensions are 1260 cm wide,
3129 cm long, and 564 cm high.

For the two 1x10 front-to-front arrays with end and back shield walls, the “box” dimensions for
each array are 721 cm wide, 3129 cm long, and 564 ¢cm high. The two 1x10 arrays are 1026 cm
(34 feet) apart.

Point detectors are placed at the following locations as measured from each face of the “box™:
6.095 m (20 feet), 10 m, 20 m, 30 m, 40 m, 50 m, 60 m, 70 m, 80 m, 90 m, 100 m, 200 m, 300 m,
400 m, 500 m, and 600 m. Each point detector is placed 91.4 cm (3 feet) above the ground.

The MCNP results for each detector from the front of 2x10 back-to-back array are summarized in
Table 10-5. The MCNP results as a function of distance from the back of the two 1x10 front-to-

‘side of the 2x10 back-to-back array and the two 1x10 front-to-front arrays are summarized in
Table 10-7.

The preceding analyses and results are intended to provide high estimates of dose rates for generic
ISFSI layouts. The written evaluations performed by a licensee for an actual ISFSI must consider
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12 OPERATING CONTROLS AND LIMITS
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LCO

Utilizing helium as the medium to assist during drainage of bulk water ensures that the fuel
cladding remains under the limits during the entire vacuum drying operations.

A stable vacuum pressure of < 3 torr further ensures that all liquid water has evaporated in the
32PTH DSC cavity, and that the resulting inventory of oxidizing gases in the 32PTH DSC is
below 0.25 volume %.

APPLICABILITY

This is applicable to all 32PTH DSCs during LOADING OPERATIONS but before TRANSFER
OPERATIONS.

ACTIONS

The actions specified require checking for any leaks in the vacuum drying system or welds and
correcting them or establishment of a helium pressure of at least 0.5 atmosphere within the time
limits specified in the LCO. The timeframe specified applies to the vacuum drying operations
and the helium backfill operations. If the required vacuum can not be established within the
timeframe specified in the Condition column of the Actions table, a helium atmosphere (with a
pressure of at least 0.5 atmosphere) is to be established within 30 days or perform an assessment
and implementation of corrective actions to return the 32PTH DSC to an analyzed condition or
reflood the DSC submerging all fuel assemblies. The 15 psig limit in the action section is
conservatively below the maximum analyzed blowdown pressure.

SURVEILLANCE REQUIREMENTS

Ensure a minimum oxidizing gas content and maintain cladding integrity.

REFERENCES

SAR Chapters 3 and 4
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Enclosure 6 to TN E-27377

Listing of the Files Contained in Enclosure 7

(All files are Proprietary)

Disk ID
o File Series Number
No. g .
lo Discipline System (topics) of Files
(size)
A001-
AQ01-README .txt /:\OOrOa1
Instruction of S le Input/Output Files in the Disk
(Instructi ample Input/Output Files in the Disk) total of
1
B001-BW17x17_corr.inp B0OO1 to
to
BOO7-BW17x17_corr.out ?(? roa7
(Input and Output Files for 17x17 MkBW fuel assembly with un- total of
irradiated UO; conductivity from HD SAR Section 4.8.2) 7
C001-BW17x17_irr.inp C001 to
to
C007-BW17x17_irr.out (f:(? r0a7
DISK 1 ® (Input and Output Files for 17x17 MKBW fuel assembly with total of
(3(2;)/8)8 ) Thermal NU":{ODMS irradiated UO; conductivity from the Ronchi’s study) 7
D001-DSC1_corr.inp
to C001 to
D008-DSC1_corr.out C008
(Input and Output Files for DSC thermal analysis, normal transfer in forlaf
0S187H, HLZC#1 @ 115°F ambient — Keff for FA is calculated | t°tal 0
based on un-irradiated UO; conductivity from HD SAR Section 8
4.8.2)
D001-DSC1_irr.inp
to EQO1 to
D008-DSC1_irr.out E008
_ fora
(Input and Output Files for DSC thermal analysis, normal transferin | total of
0S187H, HLZC#1 @ 115°F ambient — Keff for FA is calculated- 8

based on irradiated UO2 conductivity from the Ronchi's study)
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