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Reference:  Docket No. 71-9336, TAC No. L.24121
Holtec Project 1630
[1] NRC Letter M. Gordon to T. Morin dated September 3, 2008; ML082260272
[2] September 18, 2008 Conversation Record; ML082670775
[3] September 24, 2008 Meeting Minutes; ML082760016
[4] Conversation Record dated October 8, 2008; ML0829709301
[5] Conversation Record dated October 7, 2008; ML0829106411
[6] Holtec Letter 1630043-NRC, dated November 21, 2008

Subject: Response to RAI on Certificate of Compliance (CoC) License Application for HI-
STAR 60 Package

Dear Mr. Saverot:

We appreciate the receipt of RAlIs dated September 3, 2008 [1] on the initial submittal of our
application dated August 27, 2007 to request a certificate of compliance (CoC) under 10CFR71
for the HI-STAR 60 package. We also thank the SFST for enabling follow-on interactions with
the Staff over the past weeks ([2],[3],[4],[5]) to clarify the intent of the RAIs as well as to
articulate the NRC’s position on technical issues of importance to this submittal such as the
recognition of the axial and radial gaps between the fuel and the storage cavity in drop
simulations and the extent of reliance for safety evaluation purposes on the numerical simulation
of the “free drop” events on the benchmarked LS-DYNA model. The revised SAR in Attachment
4 (Holtec Report HI-2073710, Revision 1) contains the necessary changes to the design

descriptions and the safety analyses that disposition the RAIs in a satisfactory manner. A revised -

CoC, consistent with the RAI, is provided in Attachment 3. Although this is a proposed
Revision 0 we have provided the CoC and Appendix A with revision bars identifying changes
since its initial submittal to assist you in your review. When issued officially there should be no
revision bars in the documents.
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The major changes in the submittal are:

(1) Deletion of IP-1 fuel and references to fuel by the nuclear plant’s name.

(2) Incorporation of the necessary and sufficient criteria and limits on the fuel and its host
reactor operating conditions to insure that the used fuel lies within the realm of PWR fuel in
Western reactors.

(3) A complete structural reanalysis of the package to align Chapter 2 of the SAR with the
approach reached in the above-mentioned interactions with the SFST, as well as design

modifications to the packaging.
(4) Clarifications to the Metamic neutron absorber program and acceptance testing.

(5) The licensing drawings have been revised to specify all materials to be used for important to
safety components in the HI-STAR 60 packaging and to classify each weld (e.g.
Containment, Non-Code).

The responses to the RAIs, non-proprietary and proprietary, that are implemented in Revision 1
of the SAR are contained in Attachments 1 and 2, respectively.

In addition to the SAR, proprietary Calculation Packages are also being submitted to the NRC to
provide the Staff access to the detailed calculations underlying the representations in the SAR in
Attachments 6 through 13. Input and output files supporting the structural calculations are sent
on electronic media under separate cover [6].

An affidavit pursuant to 10CFR2.390 (Attachment 5) is included to request withholding of
certain proprietary information as outlined in the affidavit.

The SAR is updated by section, therefore if any changes occur in a particular section (ex. 1.2) the
changed areas are highlighted with revision bars in the right margin and the footer is updated for
the entire section. If a section contains no changes then the revision number remains as the
previously signed revision. A Revision Summary document is attached to the SAR describing the
changes made by section. Note that sections 2.6, 2.7, 2.11 and 2.B are presented as full revisions
due to the magnitude of changes resulting from the RAI. The latest revisions of the licensing
drawings are provided in Section 1.3 of the SAR. The configuration control of the drawing
revisions is maintained separately; therefore the revision level of the drawings does not coincide
with the revision of the SAR document. From the time when the initial application was
submitted and this response, the licensing drawings have been revised more than once therefore
to aid in the review the interim drawing revisions are provided in Attachment 14.
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Attachments 15 and 16 are historical reports which are referenced in the SAR and are not
currently on the HI-STAR 60 docket 71-9336.

In light of the comprehensive review effort by the Staff leading to the RAIs and the urgency of
our customer’s needs, Holtec International has proceeded to order raw materials with the planned
date of start of manufacturing (welding) in mid-November 2008 (and completion in April 2009).
The casks will be fabricated at the Holtec Manufacturing Division, Pittsburgh, Pa. The first two
HI-STAR 60s will be deployed in China and the NRC’s CoC will be required under Chinese
regulations before the casks can be used.

We would greatly appreciate the SFST’s expeditious action on this submittal so the HI-STAR 60
casks can be deployed in China in June 2009.

Sincerely,

Tammy Morin
Acting Licensing Manager
Holtec International

Attachments:

[1]  Responses to Non-proprietary RAI dated September 3, 2008

[2]  Responses to Proprietary RAI dated September 3, 2008 - Proprietary

[31  Proposed Certificate of Compliance including Appendix A

[4] Holtec Report HI-2073710, Rev. 1, HI-STAR 60 SAR - Proprietary

[51  Non-Proprietary Affidavit Pursuant tol0CFR2.390

[6] Holtec Report HI-2073722, Rev. 2, “HI-STAR 60 Shielding Evaluation” - Proprietary

[71  Holtec Report HI-2073728, Rev. 2, “HI-STAR 60 Containment Analysis” - Proprietary

[8]  Holtec Report HI-2073727, Rev. 2, “Criticality Evaluation for the HI-STAR 60” -
Proprietary

[9] Holtec Report HI-2073740, Rev. 2, “Thermal Analyses of the HI-STAR 60” - Proprietary

[9a] Thermal Analysis Input and Output Files — Proprietary (Electronic)

[10] Holtec Report HI-2073716, Rev. 3, “Structural Calculation Package for HI-STAR 60” -
Proprietary

[11] Holtec Report HI-2084166, Rev. 0, “Calculation Package For HI-STAR 60 Drop
Simulations Using Differential Equation Method” - Proprietary
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[12]

[13]

(14]
[15]
[16]

CC.

Holtec Report HI-2073725, Rev. 2, “Finite Element Impact Analyses Supporting HI-
STAR 60 SAR” — Proprietary

Holtec Report HI-2073743, Rev 1, “Benchmarking of LS-DYNA Impact Response
Prediction Model for the HI-STAR Transport Package using the AL-STAR Impact
Limiter Test Data” - Proprietary

Licensing Drawings - 5217 Revisions 2 and 3; 5237 Revision 2; and 5238 Revision 2 —
Proprietary

Holtec Report HI-992252, Rev. 1, “Topical Report on the HI-STAR/HI-STORM
Thermal Model and its Benchmarking with Full-Size Cask Test Data” — Proprietary
Holtec Report HI-992278, Rev. 1, “TN-24P Benchmarking and HI-STAR/HI-STORM
Thermal Modeling Calculation Package” - Proprietary

Mr. Pierre Saverot, Project Manager, SFST, NMSS, USNRC

Mr. Eric Benner, Branch Chief, SFST, NMSS, USNRC (Cover Letter Only)

Mr. Nader Mamish, Deputy Director, SFST, NMSS, USNRC (Cover Letter Only)
1630int (Cover Letter Only-via email)
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Responses to Non-proprietary RAI dated September 3, 2008

General Information

G-1

Revise the application to include a complete evaluation of the package with indian
Point 1 (IP1) fuel as a content, in accordance with 10 CFR 71.35, and clarify if the IP1

fuel is damaged or will be loaded in a damaged fuel canister; alternatively, delete the

references to the IP1 fuel.

To authorize the package with the 1P1 fuel content, the apphcatlon should include a
complete evaluation that demonstrates that the package, with the IP1 fuel, meets the
performance standards in 10 CFR Part 71 under normal conditions of transport and
hypothetical accident conditions. [n several sections of the HI-STAR 60 Application, =
such as Sections 5.0, 5.2.1, 5.2.2, 1.1, 7.1, and B.1 of Report HI-2073722, the applicant .
compares the Qinshan Nuclear Power Center (QNPC) design.basis source term to the

" IP1 source terms in Tables B-8, B-9, and'B-10 (Section B.1). This section further states

that “This comparison demonstrates that the QNPC design basis also bounds the P1
fuel, and therefore the IP1 fuel is acceptable for transport in the HI-STAR 60 cask.”
However, there is not a complete evaluation of the package with the IP1 fuel as
contents. To show that IP1 fuel is bounded by another fuel type (i:e., QNPC fuel), the
application should include detailed calculations that demonstrate that'it is bounded. .

- This information is needed to determine comphance with 10 CFR 71 35.

Holtec Response: The 1 4x14 array/class (IP-1 fuel) has been removed from the applrcatlon and
from the acceptable contents in the CoC. The removal of thls array/class will affect the

G-2.

-.responses to RAI questlons 1-2, 2—2 and 2—

Remove all references to an altematlve polymerrc foam rmpact Ilmrter from the .
application. or provide a complete thermal and mechanical anaIyS|s of the package whlch
rncorporates the altematlve polymerlc foam |mpact llmlter ’ S :

Sectlon 22115 states that “The candldate energy absorbrng materlal eva!uated for the .
HI-STAR 60 is Cross-Core Aluminum Honeycomb (Hexcel Corp.). A potential -

-alternative candidate is “Last-A-Foam” FR-3700 rigid closed cell Polyurethane Foam

(General Plastics Corp.).” A structural and thermal analysis under normal conditions of

.. transport and hypothetical accident conditions with “Last-A-Foam” matérial properties -
_ has not been provided; therefore the staff cannot evaluate the performance of the

material.

This information is needed to determine conipliance with 10 CFR 71.33(a)(5), 10 CFR
71.35,10 CFR 71.71, and 10 CFR 71.73.

Holtec Response: The polymeric foam impact limiter alternative has been removed from the HI-
STAR 60 SAR.
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Responses to Non-proprietary RAI dated September 3, 2008

G-3  Revise the discrepancies throughout the application by performing a search and replace
on “180” or “100” to ensure the applicant does not mean “60.”

For example, Section 3.2.2 on page 3.2-2 of the application states, “To facilitate
evaluation of cold events defined by transport regulations, the HI-STAR 180 package
cold service temperatures are conservatively limited to -40°F (-40°C).” Section 3.2.1, on
page 3.2-1, states “Periodic thermal testing of the HI-STAR 100 is not required.” For
each occurrence, confirm that the statement is applicable to the HI-STAR 60.

There appears to be errors throughout the applrcatron itis not clear that the applrcatron
evaluates the HI- STAR 60. L

Thrs rnformatron is needed to determrne complrance wrth 10 CFR 71.31.
Holtec Response: The applrcatron is modifi ed to replace “1 80" or “1 OO” with “60” as appropnate

G-4. Provide and justrfy the cladding performance lrmrts for the Qinshan Nuclear Power
' Center (QNPC) fuel.

The justiﬁcation should describe the composition of fuel, cladding and structural.
components, fabrication and quality assurance of QNPC fuel assemblies, QNPC reactor
conditions that impact cladding integrity, and other factors relevant to performance of
cladding during Normal Conditions of Transport and Hypothetical Accident Conditions.
The description should clarify any similarities or differences to the fuel assemblies and

-associated reactor conditions in the United States, in which cladding performance Irmrts o

_ have been well established (e.g., Interim Staff Guidance Document No. 11, Rev. 3,
“Cladding Considerations for the Transportation and Storage of Spent Fuel’), for
- temperature limits, etc. ) The applrcatron should verrfy if these limits are approprrate to :
- the QNPC fuel : o ~ oo . '

Thrs rnformatron is requrred by staff to assess complrance wrth the requrrements of 10 _' -
CFR 71.51,10 CFR 71.55, 10 CFR 71.71 and 10 CFR 71.72.

. Holtec Response Sectron 1.2 has been expanded to provrde the critical charactenstrcs of the
fuel required to be met, including core operating parameters: Meeting those parameters will -
_ ensure that the fuel loaded into the HI-STAR 60 is consistent with underlying assumptions of .
ISG-11, Revision 3; therefore the cladding performance limits from that ISG are applicable.
Holtec consents to imposing these requirements on the fuel in the CoC so that a noncompliant
fuel cannot be loaded in the HI-STAR 60 package.
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Responses to Non-proprietary RAI dated September 3, 2008

Chapter 1: General Information

1-1  Provide a definition of undamaged fuel assemblies to clarify the proposed contents of
the package.

Based on the evaluation in the application, the contents of the package include only
undamaged fuel assemblies (i.e., no damaged fuel).

The definition of “intact fuel assemblies™ in the proposed Certificate of Compliance and
the application appear to match the definition of undamaged fuel assemblies in Interim
Staff Guidance Document No. 1, Rev. 2, “Classifying the Condition of Spent Nuclear :
Fuet for Interim Storage and Transportatton Based on Functlon -

- Interim Staff Gurdance Document No. 1, Rev. 2 provrdes gurdance for providinga
definition for undamaged and damaged fuel Note that the term “intact” indicates no
breach, i.e., no pinholes or hairline cracks whereas the term “undamaged” may allow
rods with thrs type of breech. .

This information is needed to determme comphance with 10 CFR 71 33(b)(3) 10 CFR
71.51 and 10 CFR 71.55.

Holtec Response The term “intact’ has been replaced with “undamaged” throughout the CoC

- and SAR, including the Glossary. Section .1.2.2 has also been revised to clanfy that damaged '

fuel is not permitted in the HI-STAR 60. .

v 1_—2 | The application requests approval of spent fuel wrth stalnless steel claddrng and must be '

‘ revr ed to address the issues assocrated with stainless steel cladding.”

"~ (a) Specrfy the appropnate temperature Timits for the stalnless cladding in the Hl STAR '
60 application during Ioadlng, drymg, normal and accrdent condrttons and provrde a :
-basis for these limits. = .- .

The temperature I|m|ts setin Interrm Staff Guidance Document No 11 Rev 3 “Claddrng |

" Considerations for the Transportation and Storage of Spent Fuel,” were developed for
. zirconium-clad fuel. ‘It is unclear what affects (if any) the expected cladding tamperature
during loading, drymg, normal conditions of transport (NCT), or hypothetlcal accrdent
condltrons (HAC) will have upon stainless steel cladding. o

(b) Describe the mechanical integrity of the stainless steel cladding under NCT and
HACs, and show that it is sufficient to maintain integrity under normal and accident
conditions.

The mechanical properties of irritated stainless steel fuel rods rnay be significantly
different from the mechanical properties of irradiated zirconium-based fuel rods.
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Responses to Non-proprietary RAI dated September 3, 2008

" This information is required by staff to assess compliance with the requirements of 10
CFR 71.5, 10 CFR 71.55, and 10 CFR 71.59.

Holtec Response: The stainless steel clad IP1 fuel has been removed from the acceptable
contents of the HI-STAR 60 application The only fuel assembly type that remains in the
proposed acceptable contents is a Zr-4 clad 15x15 PWR fuel assembly. Additionally references
to the 15x15 PWR fuel as QNPC or Qinshan fuel have been removed

1-3 Specify the internal pressure of the Qmshan Nuclear Power Center (QNPC) fuel rods
" and provide a reference for the reported pressure. Discuss the affect of the internal
pressure on the mechanical stability of the fuel rods on the contamment of radroactrve
- particulate in the event of an HAC. :

The internal pressure, of the QNPC fuel rods, which is not specified in the applrcatlon
could affect the mechanical integrity of the QNPC fuel and contalnment of radioactive
partrculate under normal and accident conditions:

Thrs information is requnred by staff to assess compllance wrth the requrrements of 10
CFR 71.51,

- Holtec Response: The fuel proposed for transport in the HI-STAR 60 cask is required to comply
with the characteristics of US origin Commercial Spent Fuel. The critical characteristics are set

“forth in HI-STAR 60 SAR Chapter 1, Table 1.2.5. The Table 1.2.5 requirements ensure that the -

fuel and its operating history are within the limits of PWR fuel and reactor operating experience
.and the basis of the ISG .11, Rev. 3 temperature limits for ensuring cladding integrity under

. normal, short term operations and accident conditions. (See also response to RAI 3-8 and in
response to fuel lntegnty the rewsed Sectlon 2.1 1 of the HI-STAR 60 SAR).

Chapter2 Structural Evaluatlon -

' 2-'1'. Revrse the structural analysrs where applicable to demonstrate that the package meets _
: ;the performance standards in 10 CFR’ Part 71 ‘

The methodology used by Holtec to evaluate the slructural performance of the package
was not acceptable to the NRC staff. As discussed in a teleconference on August 8, -
2008, Holtec committed to an alternate and revrsed methodology to demonstrate a
reasonable assurance of safety _

This information is required by staff to assess compliance with the requirements of 1t)
CFR 71.71 and 10 CFR 71.73.

Reference
“Ltr., T. Morin, Holtec Intl, HI-STAR 60 Structural Model Telephone Call (Docket No. 71-
9336) (TAC L24121)." ADAMS Accession Number: ML082240743
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Responses to Non-proprietary RAI dated September 3, 2008

Holtec Response: Holtec International has changed the approach to simulate the structural
response of the package under “free drop” events to accord with the discussions in the August 8
teleconference ML082240743. Accordingly, the package drop analyses have been modeled on
the so-called “Classical Dynamics Method” which is the basis for the certification of the HI-STAR
100 package. In addition, an LS-DYNA model, benchmarked against the static coupon and
quarter-scale model impact tests, is used to predict the package's impact response under an
array of drop scenarios with potential to cause maximum damage to the HI-STAR 60 package. .
The maximum decelerations, amax (axial and lateral) predicted by the two methods under the
array of analyzed drop events are subsequently used (with a suitable additional margin for
“conservatism) to define “design basis decelerations” (DBD) of the package. The DBDs (denoted
. as pmax in the SAR) are used as static inertia loads on the package to perform the subsequent
- stress and deflection analyses to establish the appropnate margins-of-safely.

,_Because of the significant rewntrng and rearrangement of the material in Sections 2.6, 2.7, and
Appendlx 2 B the change to text matter in these portions of Chapter 2 are complete rewrites.

2-2 Clarlfy what reference is bemg C|ted to determine the lower bound for the elastic
modulus of fuel assemblies which use stainless steel fuel rods, as given in Table 2.11.1,
'Sectron 2 11 of the application.

' Table C.1 of “A'Pilot Probabrlrstlc Risk Assessment ofa Dry Cask Storage System ata
 Nuclear Power Plant,” is cited as the source for the elastic modulus of the fuel
" assemblies using zirconium-based fuel rods, but it i is unclear what source is cited to
: model the elastic modulus of fuel assemblies Wthh use stainless steet fuel rods.

- Th|s rnformatron |s needed to determme comphance with 10 CFR 71 43(f) and 10 CFR
'71.55. o o : . .

', Holtec Response The IP-1 fuel has been deleted and Section 2 1 1 has been appropnately |

. ed/ted to str/ke out all starnless fuel—related data and nanatrve

23 : _Evaluate the mechanlcal effects of the excess space around the smaller fuel assembhes '

. ,Assemblres for use in this system have different widths; this allows the smaller
- assemblies to rattle in the baskets.. This behavror could lead to fracture or other
' undesrred or unforeseeable events dunng transport '

Thrs information is needed to determine complrance wrth the requrrements of 10 CFR
71.71 and 10 CFR 71.73.

Holtec Response: The smaller fuel assemblies (14x14) have been removed from the application |
(see Response to RAl G-1). Rattling due to excess space around those fuel assemblies is
therefore no longer a concern.
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2-4

Responses to Non-proprietary RAI dated September 3, 2008

Revise Section 2.1.2.2(iv) of the application to include:

(a) An acceptance criterion that states the impact limiters stay attached to the package
after a 30-foot drop. If the criterion permits the impact limiters to detach from the
package after the 30-foot drop, then justify that the package still meets 10 CFR Part 71

~ performance standards assuming the impact limiters become detached.

| (b) An acceptance criterion that states the impact limiters do not bottom out '1fter a30-
- foot drop. If the criterion permits the impact limiters to bottom out after the 30-foot drop,

then justrfy that the package still meets 10 CFR Part 71 performance standards

- 'assumlng the rmpact limiters bottom out.

The appllcant does not address the issue of post-accident |mpact limiter attachment or.
_ -bottommg out with respect to acceptance criteria.

, Thrs mformatron is needed to determlne complrance with 10 CFR 71 73

L Holtec Response: The suggested change has been lncorporated in subsectron 2.1.2.2 of the

SAR. .

' 2-5

‘Demonstrate that the angle used for the slapdown analysrs (7 degrees) is the: worst—case _

orrentatron

' 'lt |s unclear What"basls-was théd for this.determination '
T Thrs mformatlon is needed to determme compllance wrth 10 CFR 71 73,

-' : Holtec Response The 7-degree angle was emprncally selected based on the results from the

) '--analysrs in the HI-STAR 100 docket. In order to define the worst case slap-down angle, 6, for.the -

_HI-STAR 60 package, a parametric study of the oblique drop case has been performed on the

- ",slap-down angle, 8, using the Classical Dynamrcs Method mentloned in Response 2.1 above.

. * The maximurn lateral deceleration of the package occurs when the @ equals 6 degrees, whichis -
" $Subsequently used in the dynamic analysrs model (LS-DYNA) Sectron 2.7 (revrsed) contains
. the detarls :

. 2-6

Provide a def nrtron for the sealrng performance of bolted jornts mcludrng ad escrrptron of

' the components evaluated evaluatlon method, and acceptance crltena as applrcable .

The second paragraph on page 2.1-5in Sectlon 2.1.2.1 of the application states that the
“Stress analysis of the containment boundary under the Design Pressure is required to
demonstrate compliance with the “NB” stress limits for the containment boundary
material and to demonstrate the sealing performance of the bolted joints (See Chapter
4).” The staff requests a definition as to what level of sealing performance is required
when evaluating design condition loads.
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Responses to Non-proprietary RAI dated September 3, 2008

This information is needed to determine compliance with 10 CFR 71.71 and 10 CFR
71.73.

Holtec Response: The criteria for establishing a satisfactory sealing performance of the top
flange-to-closure lid joint is provided in paragraph 2.6.1.3.4 in the SAR. The added SAR text
matter also clarifies the constituent parts of the Containment Boundary that warrant evaluation
to demonstrate compliance with Subsection NB of the ASME Code. As described in sections 2.6
and 2.7 of the SAR, the assurance of absence of leakage is provided by a static analysis of the
stress/displacement field in the bolted joint using ANSYS. A secondary check of the joint

" integrity is also performed usrng the LS-D YNA model ' .

27" . Provide an analysus for the hypothetlcal drop.test accictent oonditions that demonstratés _
- that fuel rod integrity is maintained when the maximum axial gaps are considzred ‘
- between the fuel assembly and the closure de or base plate.

The appllcatton uses data from NUREG-1864, "A Pilot Probabilistic Risk Assessment of
-a Dry Cask Storage System at a Nuclear Power Plant,” wherein the evaluated load .
drops are associated with the accidental drop of the transfer cask or canister during
transfer operatlons in preparatton for putting the canister, containing spent nuclear fuel,
into storage. These are real load drops and as such, no gaps were assumed to exist
between the canister and transfer overpack and between the fuel assemblies and
canister-when impacting a deformable concrete substrate. In contrast, the 30-foot drop .
of the HI-STAR 60 onto an unyielding surface evaluates the integrity of the cask’s
containment boundary to withstand a hypothetical transportation accident event. ‘For a
transportation accident event, these gaps will exist and their effect on the impact forces
~ to which the cask contents are subjected may be srgmf icant and must be evaluated.
- Since gaps have not been considered in the qualitative evaluation parformed in the
: apphcatlon Section 2.11, the methodology used therein has not necessanly
g demonstrated claddmg |ntegr|ty under the HAC of transport

Thls lnformatron is needed to show compllance wnth 10 CFR 71 73

i Reference : . .
U.S. Nuclear Regulatory Commrssron "A Pilot Probabrllstrc Risk Assessment of a Dry ..
Cask Storage System ata Nuclear Power Plant NUREG 1864 March 2007. ’

Holtec Response Chapter 2 has been rewsed and now assumes maximum gaps between the
fuel assembly, basket and cask cavity. Further, fuel impact attenuators attached fo the
underside of the closure lid have been added to the design to minimize the axial gap at each
fuel storage location (see Subsections 2.1.1.1 and 2.7.1.1). This fuel impact attenuators
cushion the impact between the fuel and the lid, significantly reducing the impact effect of the
free fall of the fuel onto the lid. Finally, a dynam/c analysis of a fuel rod in the manner of
NUREG-1864, which accounts for the maximum gap between the fuel assembly and the
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Responses to Non-proprietary RAI dated September 3, 2008

containment baseplate, has been performed and documented in Section 2.11 to provide a
reasonable assurance of continued fuel integrity.

2-8

Provide data which show that each alternate bolt material used for cask closure lid bolts
has sufficient ductility and impact resistance under the design accident conditions at -
29°C (-20°F). ' :

Table 2.2.2 of the application, page 2.2-7, does not descnbe the ductility or impact .
resistance of the alternate bolt materials at low temperature 29°C (-2 0°F). However, the
staff is unable to find, based upon American Society of Mechanical Engineers
specifications, that these materials are immune to nil-ductility transition temperature
(NDTT) issues or have sufficient toughness to meet design accident conditions.

Following the guidance in Section 5 of NUREG/CR-1815, “Recommendations for

"Protecting Against Failure by Brittle Fracture in Ferritic Steel Shipping Containers up to

Four Inches Thick,” “...in cases where a particular bolt is determined to be a fracture-
critical component, the toughness requirements for that bolt should be specified at the .

same category level as other componeénts of the system.”

Since the bolts in question are part of the contarnment boundary. demonstratlon of therr '
NDTT performance and toughness is necessary T .

The matenal specifications for the alternate bolting materials do not requrre Charpy _
impact testing at lower temperatures, as a mandatory part of the specification (some are
supplementary tests), and the ductility. requirements, where stated, appear to be -

- inadequate compared to the canister material. Therefore, low temperature Charpy

testing and ductility data should-be provided to ensure the materials specified are
adequate for the design condrtrons Absent these tests, there is no assurance of the " -

. bolting matenal performance

The staff accepts that SB 637-N07718 is |mmune to NDTT rssues and has adequate
-_'toughness o I PR

~ This mformatron is necessary to determlne comphance wrth 10 CFR 71 73

: Reference ,

W. R. Holman and R. T. Langland. Lawrence Lrvermore Laboratory, “Recommendatrons
for Protecting Against Failure by Brittle Fracture in Ferritic Steel Shrpprng Contarners up
to Four Inches Thick,” NUREG/CR-1815, page 10, 1981.

Holtec Response: Note our reference in Chapter 1 to the ASME design code does slate code
year 2004 with 2006 addenda. This statement is incorrect; the code year to be used is 2004.
The references are updated to remove the 2006 addenda.
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Responses to Non-proprietary RAI dated September 3, 2008

Table 2.2.2 in the HI-STAR 60 provides the minimum properties necessary to demonstrate that
the package meets stress limits under the various load conditions. The applicable information
goveming brittle fracture requirements on components of the containment boundary is found in

. Table 2.1.12. The applicable code section for brittle fracture of the containment boundary is NB-
2330, which consists of NB-2331, which covers material for vessels (pressure retaining material
other than bolting), NB-2332, which covers piping, pumps and valves, exclud/ng bolting

. materials, and NB-2333, which covers bolting.

With respect to the requirement on bolting materials for the diameter used in the HI-STAR 60,
NB-2333 states that a minimum Lateral Expansion value of 25 mils be achieved for each of
three specimens tested, and there is no requirement for additional testing. To insure that there
are no unforeseen NDTT issues, the Code requires that the testing be done at the lower of the
preload temperature and the lowest service temperature. Since the HI-STAR 60 may be used in -
an environment of -40 degrees F, the tests will be performed at that temperature Table 2.1. 12

is expanded to explicitly specify this test temperature.. . .

Holtec’s expenence with SB-637-N07718 is unfortunately not good: A B 637 bolt procured to

“NB” requirements (100% volumetrically tested) failed under the pre-torquing in a HI-STAR 100 -

cask at one of our user’s site. This practical expenence hasled us to avo:d this nickel alloy

. _product form to the extent possible.

. Our experience with SA1 93-B7 bolt stock in a large number of both nuclear and commercial
(pressure vessel) applications, on the other hand, has indicated no pmblems We therefore
propose to use SA193-B7 as the boltmg material (no altemates) :

To prowde the necessary assurance of sat/sfactory performance the foI/owrng add/t/onal
commitments on procuring bolting for HI-STAR 60 are lncorporated in the SAR

a. A minimum Charpy strength criterion @ -40°F has been lncluded in addltlon to the )
o mlnlmum lateral expansron cntenon . o : _

i b. . A crack propagatlon analysrs as descnbed in subparagraph 2 7 1 41 carrred outto .
: - 'demonstrate that a most adversely located flaw in the bolt will not propagate under the
most lmpulswe Ioad/ng condition from “free drop of the package

¢ - Al bolts are required to be ultra-somcally examined to “NB” acceptance standards fo’
ensure the absence of lnternal vords .

h 2-9 Remove the statement, “Except for containment boundary components, ASME ,
[American Society of Mechanical Engineers] materials may be substituted by ASTM
[American Society for Testing and Materials] materials” from the Licensing Drawings.

Only ASTM materials which have identical or superior properties and levels of quality to
their ASME counterparts can be used as substitutes for ASME materials designated for
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use in components which are important to safety. Such substitutions must be approved
by the NRC staff.

The NRC staff is only evaluating a specific design with specific materials designations.

This information is needed to determrne compliance with 10 CFR 71.31(c) and 10 CFR

7 .33(a)(5).

Holtec Response The statement has been removed from the drawing.

2-1 0

Revise the applrcatron to address the following, with respect to the codes standards

. and specifi cations for the materials of. construction:

- (a) Specify in the Bill of Matenals and throughout the applrcation the precrse :
designation and specification (e.g., SA 240-304) of materials used in components that
‘serve a safety function in transportation. In addition, American Society of Mechanical -
Engineers Boiler and Pressure Vessel Code (ASME B&PVC) materials should be used

for components that serve a safety function.

Providing a' name for a generic group of materials (e.g., “Stainless Steerl’) in the
Licensing Drawings and noting that the generic group of materials will meet the
requirements of American Society of Mechanical Engineers (ASME) Code Section lll

- Subsection NB does not sufficiently specify a material. Generic terms for subsets of =

steels (e.g., “Cryogenic Steel") or broad classes of steels (e.g., “Carbon Steel” and
“Stainless Steel”) can not be used to establish quantitative material prope'rties ‘

-(b) Cmng specific material codes or manufactunng specrf catlons as references (e.9. ', -
.ASME Boiler and Pressure Vessel Code Section lID) for materials used in this -
. application, tabulate the relevant mechanical and thermal properties of structural

' . materials, steels, boltmg materials, etc., over the temperature ranges of that are

~ expected to be seen under Normal Condmons of Transport and Hypothetrcal Accrdent
'_Condrtions . . Lo

The NRC staff |s only 'evaluatm'g a specrf' ic deslgn with spemf ic ma'tenais deszgnations =

"+ Tabulated values for the mechanical and thermal properties of matenals which serve a -

: safety function are requrred by NUREG 1609 . _
It 'should be noted that the thermal conductivity of “Carbon Steel” stated in the HI- STAR .

60 package in Table 3.2.2 on page 3.2-4 is significantly different from the thermal

conductivity of “Carbon Steel” listed in the HI-STAR 180 package (Table 3.2.2: page 3.2-

4).

This information is needed to determine compliance with 10 CFR 71.33(a)(5) and 10
CFR 71.31(3)(c).
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Holtec Response: The following improvements to the Codes, Standards, and specifications for
the materials used in the HI-STAR 60 package have been made in the SAR documents.

The ASME designations or the critical characteristics have been specified for all safety .
significant materials.

The required material propemes in the temperature range of interest are provided in Tables
2.2.1-2. 2 4. : .

. The d/fference in the thermal conductivity values in HI-STAR 60 and HI-STAR 180 reﬂects the

. different gradés and compositions of carbon steels used in the two cask designs. The HI-STAR

60 uses the SA-516 plate stock material (C-Mn-Si steel) and the HI-STAR 180 uses the SA-352
Grade LCC casting material (C-Mn steel)

2-11 Address the followrng items with regards to the alummum honeycomb used in the impact
limiters: . .

' (a) Clarify the “Crdsh Material" which is listed in the Bill of Materials.

The exact designation of the irnpaci limiting material(s) used in the HI-STAR 60 package

should be defined in the Licensing Drawings. Specifications for the crush material (e.g.,
density, grade, pre-crushed, orientation relative to the cask, etc.) should either be stated
in the application and referenced in the License Drawings, or exphcrtly stated in the
License Drawmgs

. (b) Supply detarled, tabulated, materials properties data for the impact limiting materials
- over the temperature ranges under which impact may occur. -If the impact limiting is -

~ anisotropic, specify the: materlals pr0pertles of the impact Ilmltlng material in 1hree

_ _orthogonal dlrectlons : : : : _

' 'The propertres of the |mpact fimiter matenal must be specrﬂed in order to evaluate the
performance of the HI-STAR 60 package. The mechanical properties of honeycomb -
materials are typically anrsotroplc Specific and detailed test data is needed 1o support

- the statements in Table 4.3.1 of Holtec Report No. HI-2073725, “Finite Element Impact

. Analyses Supportmg HI-STAR 60 SAR,” that the honeycomb is |sotrop|c

This mformatron is necessary to determlne compllance wuth 10 CFR 71 33(a)(5)

' Holtec Response Specifi catrons for the Crush Matenal reference Table 2 2.9 of the SAR for the
critical characteristics as discussed in subparagraph 2.2.1.1.5.

We regret the erroneous statements in Table 4.3.1 of HI-2073725. Table 4.3.1 has been
deleted in its entirety in Revision 2 of the HI-2073725. The complete orthotropic shear and
compressive strength properties of the aluminum honeycomb material, which are used as input
for the dynamic analyses, are specified in Appendix C.
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2-12 Revise Table 2.1.17, by replacing the reference to Regulatory Guides 7.11, “Fracture
Toughness Criteria of Base Material for Ferritic Steel Shipping Cask Containment
Vessels with a Maximum Wall Thickness of 4 Inches (0.1 m)” and 7.12, “Fracture
Toughness Criteria of Base Material for Ferritic Steel Shipping Cask Containment
Vessels with a Wall Thickness Greater than 4 Inches (0.1 m) But Not Exceeding 12
Inches (0.3 m)” with a reference to Table 2.1. 12

The staff consrders that Table 2.1.12 provrdes more specific lnformatlon than the general
gurdance in Regulatory Gurdes 7.11and 7.12. :

Th|s mformatron is necessary to determlne complrance with 10 CFR 71. 31(c) and 10 .
_ »CFR 71. 33(a)(5) .

References ‘

U.S. Nuclear Regulatory Commrssron “Fracture Toughness Criteria of Base Material for
‘Ferritic Steel Shipping Cask Containment Vessels with a Maximum Wall Thickness of 4
Inches (0.1 m),” Regulatory Guide 7.11, June 1991.

U.S. Nuclear Regulatory Comm|SS|on “Fracture Toughness Criteria of Base Material for
Ferritic Steel Shipping Cask Containment Vessels with a Wall Thickness Greater than 4
Inches (0.1 m) But Not Exceedlng 12 Inches (O 3 m),” Regulatory Guide 7.12, June
1991,

Holtec Response Table 2 1.17 is rewsed as requested

2 13 The mechanrcal propertles of the |mpact limiters may be affected by the temperatures
seen under Normal Conditions of Transport (NCT) :

. (a) Revise: Sectlon 27t evaluate the performance of the impact Irmrters under o
" - hypothetical accident condition assuming that the impact limiters will be at elevated -
'_ v_temperatures as demonstrated by the thermal analysrs of the NCT :

. (b) Provide |mpact limiter temperatures in Tables 3 1.2 and 3:1 4.

"The FLUENT case file for NCT with solar insolation, appears to indicate that the impact
limiter temperatures during NCT are high enough to affect the mechanical properties of
‘the impact limiter. The rmpact limiter temperatures were not mcluded in Table 3.1.2 orin
Table 3.1.4.

This information is needed to determine compliance with 10 CFR 71.73.
Holtec Response: The computed crush material temperatures are provided in Table 3.1.2 and

Table 3.1.4. The crush malerial temperatures are below the limits provided in Table 2.2.9. The
variation of the crush material properties with temperature is predicted to be less than 5% in the
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range of temperatures applicable to this submittal. The range of crush strength evaluated in the
calculations performed for drop accidents is sufficiently large to bound the crush strength
variations due to temperature effects.

2-14 Demonstrate or justrfy that the SA-516 Grade 70 gamma shield material has adequate
ductility and impact resistance at -29°C (-20°F) to withstand the impact loads that would
occur.during a design basis accident 30-foot drop (with impact limiters), and the one (1)-
meter drop puncture-test. The SA-516 Grade 70 material is specified to require a

. minimum average Charpy impact energy of 15 footpounds (ft.-Ibs.) at -40°C (-40°F) for

.three specimens and a minimum of 10 ft.-Ibs for any single specimen (Table 2.1.13). Itis

.not clear that the impact energy absorbed (10 to 15 ft.-Ibs.) translates to sufficient
.ductility and energy- absorption to prevent cracking of the gamma shleld with resultmg
- radlatuon streammg . .

: .'Thls mformatlon is needed to determlne complrance wrth 10 CFR 71 51(a)(2)

Holtec Response: Holtec understands that Table 2.1.1 8 which refers to “Steel shielding parts”
may cause confusion. All of the steel to be used in HI-STAR 60 and the testing requirements
are captured on this table. The entry for “Steel Shielding not used as Containment boundary”
will be removed from the SAR. The gamma shield matenal is referred to as the “Intermediate
Shells” _

Bntﬂe fracture requirements for these non-pressure retaining parts are taken from the ASME
Code, Section lll, Subsection NF for Class 3 construction, Articles NF2320-2350. This ASME
. code subsection is a widely used code in the nuclear industry for non-pressure parts; the .

- specific brittle fracture requrrements for the gamma shield shells have previously been approved
for the .HI-STAR 100 SAR. In the interest of improved clarity, however, Table 2.1.13.in the Hi-
'STAR 60 SAR has been rewritten using the exact wording found in the applicable ASME Code
subsection and to specifi cally call out the appropnate arttcles deallng wrth ongrnal tests and '

" permitted re-tests S A : :

: .Further, the requrrement of a crack propagat/on analysrs on the Dose Blocker parts that use

" SA516 Gr 70 plate stock to ensure that the specified Charpy strength is sufficient to prevent loss

of shielding during the most severe postulated impactive event has been incorporated in the -
SAR (Subsection 2.7.1.4). Analyses have been performed and documented in section 2.7 to
provide the required assurance of safety agalnst Ioss of sh/eldmg effectrveness through
srgmf icant crack gro wth .

2- 15 Clanfy lf SBG37-N07718 is an alternate cask closure lid bolt matenal
The list of potential materials in Table 2.2.7 on page 2.2-13 of the application does not
include SB637-N07718, which is listed as a potential bolting material in Section 2.1.2.2
on page 2.1-11 of the application.

This information is needed to determine compliance with 10 CFR 71.33(a)(5).
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Holtec Response: Please refer to response 2.8 above.

-2-16 Clanfy if A106 grade C steel, which is listed in the Bill of Materials in the Llcensmg

Drawings, is the material of construction for the support rib hub.

A107 grade C steel is not mentloned elsewhere in the application. (Note: A106 grade C
steel is not an Amencan Somety of Mechanical Engmeers Code matenal see RAI 2-10).

This information is needed to determlne compllance wnth 10 CFR 71 33(a)(5)

Holtec Response! ThIS matenal is changed to an ASME matenal on the Ilcensmg dmwmg

Chapter 3: Tnermal Evaluation - . °

31 Provide the basis for. the.'th'ermal properties of Holtite-A, including 'any effects from Iong
term thermal or radiation degradation, and justify that the propertles ensure thermal
performance is essentlally unchanged oo

Holtite-Ais a polymer and may be subject to heat and radaatlon degradatlon mcludlng
A weight loss. Section3.2.1 of the application states that acceptance and periodic thermal
- .-tests are unnecessary. Periodic thermal tests will be required if the thermal performance

_ (i.e., thermal conductivity) of Holtite-A cannot be shown to remain unchanged after belng :

E exposed fi rst to thermal and then irradiation testmg

. Thls information i lS needed to determme comphance wnth 10 CFR 71 33(a)(5)(||) and 10

CFR 71 73(c)(4)

Holtec Response The bas:s for Holt/te-A thermal propemes is prowded in the Quahf catlon and .

Test/ng reports HI-2002396 and 2002420 cited in Subsection 3.2.1 of the SAR. Although Holtite-
A is qualified for operating temperatures in excess of those reached in the HI-STAR 60, to-

* accord with Staff's preference and to add operational conservatism, periodic thermal testing :
_requirement is added to SAR Subsectlon 8.2.4 and Table 8 2. 1 Subsectlon 3.21is rewsed to
" reference this required testlng . , .

32 Rewrite Section 3.4 to 'ju,s'tify'th'at the damage caosed by h):/bothetical accident |
conditions (HACs) resulted in the most conservative fire analysis.

(a) Clarify why the impact limiter propertles were changed to air during the post-fire
cooldown. , '

The impact limiters properties were changed to air during the post-fire cooldown, but no
justification was given in the application.
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(b) Present additional fire analyses to include drop test damage effects on the impact
limiters to ensure that the current analysis is the worst case scenario.

Section 3.4 should take into account how structural damage to the package incurred
.during drop and puncture accidents could affect the thermal HAC model.

This information is needed to determine compliance with. 10 CER 71.73.

* Holtec Response:

(a) Impact limiter propen‘les were changed to air to mln/mlze heat dISSIpatlon from the ends of
the cask during post-fire cooldown. This may appear as an inconsistent representation of the
thermal inertia properties of the impact limiter that may render the calculation non-conservative.
- Section 3.4 is revised to apply consistent matenal propert/es thermal inertia and conduct/wty

~ properties of Aluminum honeycomb. : :

(b) During drop events the honeycomb material in the lmpact limiters is locally crushed
However, the impact limiters survive the drop events without structural collapse and remain

attached to the cask during and after the event. During a puncture event the cask’s exterior shell B

may be locally pierced but no gross damage to the cask or its internals is indicated. Because of

these reasons the global thermal pen‘ormance of the HI-STAR 60.cask i. is essentially. unaffected ' |

by the free drop event. Section 3.4 is revised to add thls evaluat/on

33 Given'the temperature limits of the seal material, the small seal temperature marg':lﬁns ‘

- under hypothetical accident conditions (Section 3.4), and other potential unce rtamtles or

: " errors (e.g., RAIs 3-2 and 3- 5) provide the followmg mformatlon

(a) Include the expected stored thermal energy that the neutron shleld matenal and
_ |mpact Ilmlter may contrlbute to the post—f re accrdent model Co .

: 'In the post—f ire analysrs the neutron shleld matenal and |mpact Ilmtter are assumed to
‘have the material properties of air, which'is srgmf cantly more insulating than the initial -
materials. This approach is generally considered to be adequate for the thermal .

- "analysis of Part 71 transport packages under hypothetlcal acmdent condltlon

In l|ght of the small temperature margln for the seal matenal however, the apphcant
should also consider taking into account the expected stored thermal energy that the -
neutron shield material and the |mpact limiters would actually contribute to the post-fire
accident model.

(b) Explain the different heat capacity values of air used in the post-fire thermal analysis.

The heat capacity value for the irnpact limiters and Holtite-A in the post-fire FLUENT
case file is different from the heat capacity value for air-fluid in the same model. This
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discrepancy needs to be clarified, and if necessary, a new post-fire cooldown analysis
should be provided.

This information is needed to determine compliance with 10 CFR 71.73(c)(4).

Holtec Response: To ensure the seal temperature does not rise excessively and the seal
temperatures remain below the material supplier's recommended limits during fire, a fire.
resistant insulation board is inserted between the impact limiters and cask ends (See impact
limiter dwg 5237 and insulation specification in Table 2.2.9). This may appear as an inconsistent
representation of the thermal inertia properties that may render the calculation non-

conservative. Section 3.4 is revised to apply consistent material properties: thennal rnema and ‘

conductrvrty propertres of Aluminum honeycomb and Holtlte-A

- 3-4  .Provide the derivation of the convectrve heat transfer coeff cient that was generated from
the Sandia National Laboratory report for large pool fires. Also, provide the ratio
between convective heat transfer and radiation heat transfer and justify the convective
heat transfer coeffi cientis applrcable for the HI-STAR 60 conf iguration. .. -

. According to the application, the convective heat transfer coefficient used in the fire
analysis 4.5 BTU/(ft>hr-°R) is obtained from the Sandia National Lab experiment results.

The Sandia report, however provided the heat flux measurement instead of heat transfer .. -

coefficient. The heat transfer coefficient used in the application’is a derived value. The .
applicant should provide the derivation. In addition, based on the FLUENT calculation,
the applicant should provide the ratio between convective heat transfer and radration

- heat transfer and compare it to the Sandra Lab experrment results.

- Reference ' o :
. “Thermal Measurements in a Series of Large Pool Fires,” Sandia Report
SAND85 0196TTC-0659UC-71 August 1987 o

' Thrs mformatron is needed to determrne compllance wrth 10 CFR 71 73(c)(4)

Holtec Response The convectlon coeffi crent used in-the fire analysrs isa Sandra estrmated and G
reported value. The relevant test data from Page 41 of the Sandia report is summarrved below _

" -Test Item: 1 0ftoD propane railcar )
Fuel: JP-4 - ' '
~ Pool Size:30ftx30ft -
Fire Temperature: 1200°F to 2000°F (1550°F avg.)
Convective Coefficient (h): 4.5 Btu/ft-hr-°F

The above Sandia test data is added to SAR Section 3.4 to clarify the presentation in the SAR.
The Sandia test data is appropriate for HI-STAR 60 cask because the fire temperatures bound
the Part 71 fire accident temperature and the large pool size ensures an engulfing cask fire.
Convective and radiative heat transfer is estimated below:
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Avg. Fire temperature(T;): 1550°F)

Fire emissivity (¢): 0.9 (reasonable assumption)

Surface absorbtivity (a): 1 (conservatively bounding)

Lower bound surface temperature (T;): 100°F

Radiant flux: 0.1714x108ag((Tr+460)* — (T.+460)*) = 25027 Btu/ft-hr
Convection Flux: h(TT.) = 6525 Btu/ft-hr '

The ratio of convective-to-radiative heat ﬂwr computes as 0.26.

35 Perform an in-depth thermal analysis 6f rhe hypothetical fire accident.

. (a) Provrde a temperature vs. time graph showing temperatures of crmcal components .
over the entire duratron of the hypothetlcal fire accident, including post-fire cooldown

- Temperature vs. time plots are necessary for the staff to assess the integrity of cntlcal
components (e.g., seals) during the fire accident. The plot should clearly show that the

_analysis considered a sufficiently long time period and with appropriate time steps to
show peak temperatures for all components.

" This information is needed to determine compliance with 10 CFR 71 .73(c)(4).A

(b) Provide the results of detailed thermal analysis of the lid seal region. Justify the lid
seal temperature model is adequate in the fire analysis and that the maxrmum
temperature of the seal is reached in the analysrs

In Table 3.1.4 of the SAR, the lid seal temperature is 203°C The applrcatlon should
describe how the lid seal temperature is determined considering the seal is not modeled
in FLUENT. The lid seal region includes the grooves, elastomeric seal, and residual
.gases. The contact resistance and the seal material property should affect the lid seal .
" temperature in the thermal analysis. - Currently no detailed lid seal region is modeled, -

" The lid seal provrdes containment and the applicant should demonstrate that the seal will o

. 'possess an acceptable integrity during the fire condition. In light of the extremely small
" margin (1°C) toward the limit (204°C), the applicant should analyze the lid seal regron in
detail and demonstrate the lid seal temperature complles with the Irmlts

A Thrs mformatron is needed to determme complrance wrth 10 CFR 71. 35 10 CFRT1. 55
and 10 CFR 71 73(c)(4) ' :
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Holtec Response:

(a) Time-Temperature plots of critical components during fire and during post-fire cooldown are
provided in the revised Section 3.4. The plots are extended to a sufficiently long duration to
capture the peak of the temperatures curves.

(b) The seals and the surrounding gaps are modeled as solid steel to maximize heat input to the
area. When seated, the seal will fill the entire groove so it is in direct contact with the steel and it
is exposed to that temperature. The maximum temperature in the region of the seal is captured
in the time-temperature plots of the seal provided in revised Section 3.4. A fire resistant
insulation board has been added to the design of the impact limiters, between the impact
limiters and cask ends (See impact limiter dwg 5237 and insulation specification in Table 2.2.9).
This reduces the maximum temperature of the seal reglon from the original application.

3-6- . - Clarify the statement “The maximlim Iocal temperature in the primary and secondary lid
g seals are lower than the design limits." :

' Section 3.4.6 of the apphcatton states, “The maximum local temperature in the primary
and secondary lid seals are lower than the design limits.” Yet there appears to be no
~secondary lid in the HI-STAR 60.

'Thls information is needed to determme comphance with 10 CFR 71 33(a)(5) and 10
CFR 71.73.

Holtec Response The intent of the referenced statement was to refer to the closure lid dual
seaIs The text is rewsed to clanfy thls matter 4

'3-7_'_ Provnde the heat capacnty and densxty for air in Table 3 2 5 of the appllcatlon

ThIS mformatuon should be prowded to conf rm that accuracy of the thermal analyses

ThlS mformatlon is needed to determlne comphance with 10 CFR 71 71 and 10 CFR
71.73. ) .

Holtec Response: Table 3.2.5 rew_'sed to add requested informa_tion.' :

- 3-8 B Provide estimates of all uncertainties in the calculation of the maximum cladding -

-temperature reached during vacuum drying for the Qinshan Nuclear Power Center
(QNPC) fuel, and verify that the cladding will not exceed the temperature and/or stress
limits established in RAl G4.

If the application intends to demonstrate that Interim Staff Guidance Document No. 11,

Rev. 3, “Cladding Considerations for the Transportation and Storage of Spent Fuel”
(ISG-11) are appropriate limits for low burnup QNPC fuel, then the fuel cladding
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temperature may be allowed to exceed 400°C (752°F) during drying, provided that, “the
applicant can show by calculation that the best estimate cladding hoop stress is equal to
or less than 90 MPa (13,053 psi) for the temperature limit proposed.” Given the lack of
calculated margin between the fuel cladding temperature during vacuum drying and the
maximum cladding temperature of 400°C (752°F) in 1ISG-11 for U.S. fuel, the application
should verify that the maximum cladding temperature reached during drying is
conservatively realistic. The application should also use the internal pressure of the fuel
rods specrf ied in RAI 1-3. .

" For other transport cask designs with U.S. fuel contents, the Pacific Northwest Natronal
- Laboratory report below has been referenced as justification that a calculation of the
‘hoop stress does not have to be performed if the cladding temperature is within the
range of 400 — 570°C (752 — 1058 °F). If this approach is proposed for the QNPC fuel,
* then the application should demonstrate the QNPC fuel is within the analytlcal bounds of
the grven reference. -

- This mformatron is requrred by staff to assess comphance with the requrrements of 10
'CFR 71.51.

Reference: . ' '
D. D. Lanning and C. E Beyer Pacific Northwest National Laboratory, January 2004.
. “Estimated Maximum Cladding Stresses For Bounding PWR Fuel Rods During Short
' Term Operatlons For Dry Cask Storage

Holtec Response The computed vacuum drying temperatures are maxrmax values (r e.

maximum in space and time) because bounding inputs are used in the calculation (design heat .
- load and minimum conductivity of the cavity gas) and asymptotic steady state temperatures are .

N assumed to be reached during the drying operation. Additionally modeling conservalisms listed
- in Sectron 3.3 of the SAR understate heat dissipation and overstate fuel temperatures. In this -

L manner uncertainties in the principal rnputs are biased on the conservatrve srde and boundrng

.vacuum drying temperatures computed

As justrt" fed in the PNL: report referenced in the RAI the approprrate temperature Irmlt under. .

vacuum drying of US origin moderate burnup fuel is 570°C. The PNL analysis evaluated :

bounding PWR fuel rods heated under vacuum drying to. 570°C followed by cooldown to the .
_critical temperature T* (the hydrides precipitation temperature (~350°C)) and the coincident

cladding stress ¢*. To ensure cladding integrity the o* < 90 MPa requirement must be met. The . .
570°C limit is applicable to vacuum drying of fuel in the HI-STAR 60 applrcatron since the fuel to -
be transported in the HI-STAR 60 cask must meet the requirements in SAR Section 1.2 to merit

transportation in the HI-STAR 60 package under the provision of 10CFR71. The requirements
ensure that the fuel and its operating history are within the realm of PWR fuel and reactor
operating experience used to set forth the basis of the ISG 11, Rev. 3 temperature limits.

3-9  Clarify the type of symmetry used to model the HI-STAR 60 as-part of the thermal
evaluation.
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There appears to be a discrepancy between the symmetry used in the thermal model of
the HI-STAR 60, when comparing the description in Section 3.3, page 3.3-4 of the
application with the model presented in Figure 3.3.2, page 3.3-12, of the application.

This information is needed to determine compliance with 10 CFR 71.71 and 10 CFR
71.73. _

Holtec Response: We regret the editorial error. Quarter symmetly is used in construt,tmg the Hl-
STAR 60 model The text IS corrected . .

Chapter 4: Contarnment o

4.1 .

_Clanfy the design leakage rate of closure l|d elastomenc seals in- the summary of the
~ containment boundary design specifi catrons (Table 4.1.1 of the application).

The det" nrtron of the desrgn leakage rate and the basrs of the numerical value: (1 0e-5)
should be clearly stated. The difference between the design leakage rate and the
leakage rate acceptance criterion in the same table should be clearly def ned.

Thrs mformatron is needed to determme comphance wuth 10 CFR 71.51.

Holtec Response The dlfference between des:gn Ieakage rate and the Ieakage rate
- acceptance cnter/on have been clarified in Table 4. 1 1.

42

' Provrde justlf catron that the seal materlal meets aII the critical characterlstlcs specrf ed in
‘Table 2.2.8 of the appllcatlon ‘Specify the exact type or types of methyl vinyl silicone

rubber that are to be used for the elastomeric sealing material in the application.and

.. ‘Licensing Drawings: (The term “Elastomenc is not sufficiently precrse) If the material is
" .to be purchased from Parker Hanmf n Corporatlon specrfy the Parker compound '
, _number e . : S -

" The apphcant does not provrde enough detail to show how the srllcone rubber matenat

qualifies for the critical characteristics specified in Table 2.2.8. .Given the importance of
the seal matenal for maintaining containment, the applicant should provide quantitative

‘values for the critical characteristics of the material (stating that the material has “good
low temperature flexibility” is not sufficient). The supporting documentation should cite -

substantive references, e.g., technical reports, nationally recognized industry standards,
etc. Documentation in general sales catalogs is not acceptable, but data sheets for
specific materials from well-established vendors may be considered.

The high temperature stability of the material is of particular concern to the slaff.
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This information is needed to determine compliance with 10 CFR 71.33(a)(5), 10 CFR
71.43(d), and 10 CFR 71.51.

Holtec Response: Table 2.2.8 is updated to provide the critical characteristics of the elastomeric

seal. The licensing drawing references this table in the Bill of Materials. Available seal materials

from two suppliers are cited as meeting these criteria.

43 Provrde details for the sealing surface and the groove for the seal in the Licensing

Drawmgs

(a) Specn‘y the half dovetail groove entrance edge roundness radius in Llcensmg
Drawing 5238, Sheet 5, DETAIL P.; ' _

According to the Parker O-rlng Handbook the groove entrance edge roundness radlus is

critical to o-ring installation with respect to potential damage or extrusion. This radiusis -

specified according to the o-ring size. This dimension is not shown in the drawing. The
- applicant should spec:fy the radius in Llcensmg Drawmg 5238, Sheet 5, DETAIL P. -

(b) Specify the surface finish of the seallng surfaces in the Llcensmq Drawings.

The surface finish of the seallng surfaces should be speclt' ed to ensure proper operatlon
of the seal. . _

This lnformation is needed to dete_r_rnine conflpliance with 10 CFR 7t .33(a)(5). ‘

h Holtec Response

(a Holtec Drawmg 5238 Sheet 5, DETAIL P has been updated to include the groove edge
'~ entrance roundness radius.

(b) Holtec Drawmg 5238, Sheet 5 DE TAIL P and Sheet 3, C5 aIready spec:fy the SJn’ace f/msh _

~of the seallng surfaces as 40 mlcrometers ( 16 m/cro-lnches)

4-4 . Provide a detailed vord volume calculatlon for the Multl-purpose canlster (MPC) and the .

Enclosure Vessel in Table C-2 of the HI-STAR 60 contalnment analysrs (Holtec Report
No. Hl 2073728 HI-STAR 60 Contalnment Analysrs) =

In Table C- 2 the value of MPC and Enclosure Vessel volumes are llsted wnth no
supporting calculations. :

This information is needed to determine compliance with 10 CFR 71.51.

Holtec Response:

Due to changes in the HI-STAR 60 basket and cask drawings, the free volume computation and
containment evaluation presented in HI-2073728 have been revised. The details of the free
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volume computation including the fuel basket, basket supports, and drain line displacement
volume computations are provided in Tables C-1, C-2, C-3 and C-4 of Appendix C in HI-
2073728, Rev.2. The details of the revised containment evaluation are presented in Appendix A
and B and the resultant leakage test acceptance criteria and sensitivity have changed slightly.

4-5  Add a closure lid inner elastomeric seal leakage test, and a vent/draln port cover inner
- elastomenc seal leakage rate test into the fabrrcatlon leakage rate test.

Accordrng to Section 7.3 of American National Standards Institute N14 5, “Radioactive
Materials - Leakage Tests on Packages for Shipment,” the fabrication leakage rate test.
involves all joints and seams on the containment system to the extent practicable. It
does not limit the fabrication leakage rate test to the welded joints only Lid seal and -
vent/drain port cover seal are part of the containment system. The leakage rates for
these components should be included in the fabrrcatron acceptance test category in -
Table 4.3.1 of the application. :

This information is necessary to confirm that the package meets the requrrements of 10
CFR'71.37 and 10 CFR 71.51.

- Holtec Response: These tests along with the leakage rate acceptance cnter/a and sensrtrwty
: have been added to Table 4. 3 1. .

4-6  Clarify that the frequency of pre shipment leakage rate tests for the HI-STAR 60
packaging will meet the requirements of Section 7.6 of American National Standards ,
Institute (ANSI) N14.5-1997, “Radioactive Materials - Leakage Tests on Packages for -
Shipment,” and remove any statement in the application that directly or mdrrectly rmphes
that a pre-shrpment leakage rate testing could be mrtrgated .

: ASectton 4.32 of the application states that “Pre- -shipment Ieakage rate testmq is .
- performed by the user before each shlpment after the contents are.loaded and the'
containment system is assembled (if not previously tested in the prior 12 months-
- excepted as indicated in Section 7.3).” In Section 8.2.2, the applicant states “The -

elastomeric seals on the cask containment boundary seals shall be replaced as defi ned

" in Table 8.2.1. After each replacement, a helium leak test of the seals shallbe -
' performed According to ANS| N14.5-1997 Section 7.6, the pre-shipment Ieakage rate -
is required for each shipment regardless of prior tests, partrcularly after reloadmg and
“seal replacements.. . o

This information is needed to determine conrpliance 10 CFR 71.51 and 10 CFR 71.127.

Holtec Response: We have researched this item and determined that the information in Section
4.3.2 and Section 8.2.2 is consistent with ANSI N14.5-1997, Section 7.6. The pre-shipment
leakage rate test must be conducted before each shipment, after the contents are loaded.
However, if the contents are loaded, the containment system is assembled, the pre-shipment
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leakage rate test is performed and the HI-STAR 60 is not immediately transported, the pre-
shipment leakage rate test would not need to be re-performed if the containment system has not
been opened, unless 12 months have passed. In Section 8.2.2 it is clear that if the containment
system is opened then 1) the seals must be replaced prior to another shipment and 2) the pre-
shipment leakage rate test must be performed.

4-7 . In Section 3.2.2, clarify the term overpack seals and clarify if the overpack seals are leak
' tight according to American National Standards Institute (ANSI) N14.5-1997,
_“Radioactive Materials - _l,eakage Tests on Packages for Shipment.”

In the second paragraph of Section 3.2.2 the applicant states “The overpack seals will
.. continue to ensure leak tightness if [the] manufacturer’s design temperature limits are-
" .not exceeded.” Clarify if the overpack seals refer to the lid seals, if not, provide a
description and temperature limits for the overpack seals. Clarification is needed
- regarding the leak tightness of the overpack seals, specifically if they are leak t:ght
: accordlng to ANSI N14.5-1997. .

This information is needed to determme compllance wnth 10 CFR 71 .51,

Holtec Response. The use of the termmology in Section 3.2.2 of “leaktight” has been removéd.
As shown in Table 4.1.1of Chapter 4, the HI-STAR overpack seals are not tested to the leaktight

“criteria of ANSI N14.5. The Ieakage rate acceptance cntenon is 2.7x10* atm-cc/s He'as

specified in Table 4.1.1.

" 4-8 Clanfy if the seals will be submerged in the spent fuel pool

: .In Table 2. 2 7 of the apphcatlon the elastomerlc seals are, “Not installed or exposed [to 0

" the spent fuel pool] during in-pool handling.” According to Loading Operation, step 4'in f

Section 7.1.2.1 of the appllcatlon however the seal mstallatlon is performed undenNater K

o in the spent fuel pool.

 This mformatlon is needed to deterfnihe oor"npiiance with_10 CFR 71 .43(d).

- Holtec Response: The lid is installed whlle the cask isin the pool The seal exhibits good

~ behavior when exposed to both water and boric acid. Table 2.2, 7 is modified to state this and is

consistent with the operatmg procedures

Chapter 5: Shielding Evaluation

5-1 In the Bill of Materials, clarify the use of Holtite-A as the neutron shielding material used
in the HI-STAR 60 package.
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The application and Note 10 on Sheet 1 of 7 of the Licensing Drawings state or imply
that Holtite-A is used as the neutron shielding material in the HI-STAR 60. The Bill of
Materials however, specifies a generic grade of Holtite as the neutron shielding material.
Since there are at least two different grades of Holtite available, the applicant should
confirm in the Bill of Materials, that the Holtite-A is used in the HI-STAR 60.

This information is needed to determine compliance with 10 CFR 71 -33(a)(5)(ii).

Holtec Response: Holtite-A is now specified in th_e Bill of Materials on the licensing drawing.

52 List u.ncertamtles assocrated with each of the maximum dose rates shoiivn in Tables
" " 5.1.1and 5.1.2, and the dose rates listed in Tables 543 through 5.4.10 from the Monte
Carlo N-Particle (MCNP) calculations. '

'The tables aforementioned list maximum dose rates and individual dose rates at various
distances from the HI-STAR 60 packaging system for both normal and accident
conditions without specifying the uncertainties associated with the calculations. The
application does not contain any statement regarding the uncertainties in the results. In
_order to determine the real margin of safety in the dose calculations, uncertainties '
corresponding to each of the items Iisted in the above tables are required.

- This lnformatlon is needed to determine compllance WIth 10 CFR 71.47 and 10 CFR
- 71.51. ' -

““Holtec Response: Tables 5.1.1, 5.1. .2 and 5.4.3 through 5.4.6 have been revised to lnclude'the

fractional standard deviation (fsd). from the Monte Carlo analysis.. The fsd for individual .

‘components of the dose rate are generally less than 0.05 (5%). A few low dose rate values ,
. _have higher fsd values but are inconsequential to the total dose rate. The total dose rates
reported have fsd values less than 0.03 (3%). Note that a few individual dose rate values have

- - changed marginally. This is not due to any changes in'the calculatlonal model, but is related to_-,' '

_stat/stlcal lmprovements to the correspond/ng calculatlons

53 Justlfy that the source distribution of fuel is not reconfi gured after acmdent condltions

- sufficient to exceed the regulatory limit.

'The calculated accident dose rates appear to be within the regulatory limit of 10 CFR
71.51. ltis not clear, for example, if the source term in localized areas will not be
increased as a result of potential damage to the fuel, and raise the accident dose rate
closer/greater than the regulatory limit.

This information is needed to determine compliance with 10 CFR 71.51.

Holtec Response: The fuel that will be transported in the HI-STAR 60 is undamaged PWR fuel
with bumups less than or equal to 45,000 MWd/MtU. Damaged fuel is not permitted in the Hi-
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STAR 60. Fuel of such burnup is considered moderate burnup fuel, and it is expected that the
cladding of such fuel will remain intact after a transport accident (see 1ISG-19). Therefore, no
relocation is to be expected. Nevertheless, dose rates have been computed for assumed
relocation conditions. As a conservative modeling approach, it is either assumed that throughout
the cask the density and source term of the fuel increases by a factor of two, or that they reduce
by factor two. These conditions show 1 meter dose rates of 3.07 mSv/h and 1.22 mSv/, .
respectively (compared to 2.249 mSv/h for undamaged fuel). Both values are well below the 1
meter dose limit of 10 mSv/h during hypothetical accident conditions. Since this condition is not
considered credible, no changes to the SAR were made, but the computat/on is documented in -
. the proprietary Holtec Report HI-2073722, Rev. 2, Supplement 2. :

: Chapter 6: Cntrcallty

.61 Provrde a dlscussron on the expenments used to perform the criticality benchmarks.
- Provide justification regarding the inclusion of experiments for mixed oxide fuel (MOX)
-fuel (PNL-5803 and WCAP-3385). Discuss how the bias might change wrthout the
mclusron of the MOX expenments

'Based on the mformatron provided, the staff requires additional information about the
experiments used to benchmark the Monte Carlo N-Particle (MCNP) code to determine

" that the bias was appropriately determined for the HI-STAR 60. The applicant should
provide a discussion of which experiments were used to determine the trend (or lack

- thereof) with the various parameters important to criticality (enrichment, effect of °B -

" loading, etc.). In addition, it is not clear that the inclusion of MOX experiments is
applicable, and since these experlments typically have a positive bias, they may be
.providing a non-conservatnve rnﬂuence on the bias for the HI-STAR 60. :

' Thrs mformatlon is needed to determine complrance wrth 10 CFR 71 231 (a)(2) 10 CFR
71.35, 10 CFR 71 55, and 10 CFR 71 59 "

.- Holtec Response Append/x 6 A has been’ revrsed to include a dlscussmn on the expenments
. used to determine trends. Regarding MOX, a calculation of the bias and bias uncertainties
. omitting those experiments show a very small increase of those values( by a total of 0.0004 . 4
- delta-k). Such a difference could be considered insignificant, since it is well below the statistical
uncertainty of the MCNP calculation itself (typically about 0.0010 delta-k at 95%/95%).
" However, for clarity, the MOX experiments have been removed from Appendix.6.A, and all
; results in Chapter 6 have been re-calculated usmg the increased bias and bias uncertamty

Chapte’r 7. Package Operations
7-1 Describe the procedures that are in place to prevent water boiling in the HI-STAR 60.
Recent operating experience has indicated that a handling malfunction could suspend

transfer operations of a fully loaded canister and require alternate cooling that may take
several hours to be implemented. Describe the procedures that are in place to assure
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adequate cooling can be established for the HI-STAR 60 in the event of a handling
malfunction or other adverse circumstances before the time-to-boil limit has been
reached.

This information is needed to determine comphance with 10 CFR 71.43, 10 CFR 71. 51
10 CFR 71.55, and 10 CFR 71.59.

Holtec Response
Water removal from the HI-STAR 60 can commence immediately after the HI-STAR 60 has

- been removed from the spent fuel pool and the closure bolts have been tightened wrench tight. -
. Thermal calculations for the HI-STAR 60 conservatively estimate that it will take 41 hours to
-approach boiling temperature assuming a 120 F pool water temperature (see SAR Table 3.3.4).

There is more than sufficient time to allow either an inert gas supply or a water circulation
system to be-connected to the cask if operational malfunctions occur. This is in conlrast to the

- standard HI-STAR 100 cask where the MPC lid would need to be welded in place, a process

that can take from 12-24 hours, making the risk of water boiling more significant. Procedures
required to prevent water boiling consist of attaching an inert gas line to the vent port and a
water drain connection to the drain port to blow the water from the cask and replace it with an
inert gas or attach a water circulation system. Text has been added to SAR Section 7.1 to
identify that the water shall be removed and replaced with an inert gas or the water shall be

' CIrculated to cool the cavity if the Tlme-to-bod limit is approached

.72 . .Prowde details descrlblng the thermal behawor of the package dunng loading operahons

~-in Chapter 7 of the application.

(@) Prov:de a‘reference to the Holtec Report HI-2073740 “Thermal Analysis of the HI-

- STAR 60” for.the method of evaluatlng site specific “Time-to-boil” criteria in Section
© 7.1.2,1.4. Also provide a summary of “Time-to-boil” values in Chapter: 7 Demonstrate
how the users will avoid V|olat|ng the “Tlme-to boul” criteria.

- Chapter 7 should clearly state how “Tlme-to-bon” Crlterla w1l| be met by the users.’
L (b) Specnfy in Chapter 7 that the change in fuel claddmg temperature is restncted to less
than 65°C (117°F) and is limited to less than 10 cyc|es dunng drqu, backfi illing, and

. transfer operatnons

Limitations on the fuel clad temperature are setin Intenm Staff Gwdance No. 11 'Rev. 3.

L “Cladding Considerations for the Transportation and Storage of Spent Fuel” {o prevent _

reorientation of embrittling zirconium hydride phases within the cladding.

This information is needed to determine compliance with 10 CFR 71.43, 10 CFR 71.51,
10 CFR 71.55, and 10 CFR 71.59.

Holtec Response:
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(a) Text and table have been added to the SAR Section 3.3 addressing Time-to-Boil limits and
compliance steps added to Chapter 7 procedures. (Also see response to RAl 7-1).

(b) The fuel loaded in the HI-STAR 60 is subject to a one-time only temperature elevation less
than 65°C up to the steady-state maximum reached during vacuum drying operations followed
by helium backfill and cooldown to normal operating temperatures. As such thermal cycling
limits of ISG-11 are not relevant to HI-STAR 60 design because thermal cycling is avoided in
the fuel loading operations. .

7-3

Describe the seal installation procedures, including the underwater sealing surface

"inspection, sealing surface condition requirements, seal installation, and seal

replacement in detail. Explain how these procedures and criteria are met in the sealing
operation. Clanfy what Iubncant (if any) is applied to the seals in air or underwater.

The sealing of the Hl STAR 60 is not suffi cnently described in the loading operations
(Section 7.1.2.1 of the application). In addltlon the sealmg surface condition should be
described in the apphcatlon (see |tem 4-3b). .

Accordlng to the o-ring handbook referenced by the applicant, the lubricant aids the seal

-when applied in air. It is unclear, however, if any lubricant is applied to the seal of HI-

STAR 60, and if that Iubncant is applled to the seal in air or. water. -

This mformatton is needed to determlne comphance wrth 10 CFR 71. 33 and 10 CFR
71.51. : o .

~ Holtec Response: The seal sUrface,inSpectidn consists of visually inspecting the seal surface

- with an underwater camera to determine if the seal surface is clear of potential solid

contamination and free from gross damage that might affect the seal performance. The seal .

. surface finish is established prior to loading. The seal surface is protected from damage during - .

fuel handling by a surface protector and damage to the seal surface is not expected. The seals

- are installed in the groove in the lid prior.to the lid installation in the spent fuél pool. The sealis .
held in place by the groove geometry .and no lubricant is used on the main seals as the seal is

~ established underwater. Specific steps and details on operations procedures will be described in - -
-operatlng procedures developed for the cask system as described in Section 7.0 of the SAR -

. 7-4

Descnbe detailed torque measurement procedures in the loadlng operatlons (Sectlon
7.1.2.1 of the application) and clarify if the torquing procedure takes place underwater
Also evaluate the affect of thermal expansion on the bolt lid torque.

In the loading operations the torquing procedure is not described in sufficient detail.
Step 4 and Step 5 of the loading operations imply that the bolt lid torquing is performed
under water. It is not clear whether there is a step in the loading operations to lower the
cask water in the lid region before torquing. If not, thermal expansion of the sealed cask
cavity water may affect the torque measurement.
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This information is needed to determine compliance with 10 CFR 71.37 and 10 CFR
71.51.

Holtec Response: The text in SAR section 7.1.2.1 has been revised to require that the bolts be
torqued after the cask is removed from the pool and the vent line is opened but prior to the
water being drained from the cask. The presence of water in the cask retards thermal growth
and prevents significant thermal stress.

7-5

Clarify the term “sufficient concentration” of helium '_i'n Step 1 of the cask closure

.procedures (Section 7.1.2.2 of the application) and the method for which gasis

mtroduced into the space beneath the cover Ird port cover pnor to testrng the plugs '

The apphcatlon should demonstrate that an adequate amount of hellum will be used to
assure any leakage would be |dent|f ed durlng helium leak testrng - :

This information is needed to determine compllance with 10 CFR 71 37 and 10 CFR

71.51.

Holtec Response: Text has been added to SAR section 7 1.2.21o better describe the amount of
helium that will be flushed below the cover lid port covers pnor to test/ng the seals

7-6

Clarify in Section 7.1.2.1, subsection 10 of the application that the pressure should be
maintained below 3 torr for 30 minutes with the valve being closed, so as to isolate the
system from the pump that is used to dec'rease the pressure inside the system

The cask drymg operatron is crmcal to the spent fuel claddrng mtegnty The Ilcensee
needs to provide the adequate dryness crlte‘rra with the valve belng closed to ensure the

~_ dryness criteria are reached in the cask

“This |nformat|on is requrred by staff to determlne complrance wrth the requrrements of 10 S

CFR 71. 51 and 10 CFR 71.55.

Holtec Response Text has been added to SAR sectlon 7.1.2.1 to ldent/fy that the valve will be
closed durlng dryness testmg N . o oo

&

Specrfy in Chapter 7 that an inert gas will be used to backf i the canlster whrl= drarnmg
the canister of water. C

The cladding must remain in a non-oxidizing atmosphere during all loading operations.

This information is required by staff to determine compliance with the requirements of 10
CFR 71.51 and 10 CFR 71.55.
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Holtec Response: Text has been added to SAR section 7.1.2.1 to identify that an inert gas will
be used to backfill the canister while draining the canister of water.

Chapter 8: Acceptance Tests and Maintenance Program

**Numbering in this section Is not sequential. Holtec has added a “-1” to the first
Instances of 8-6 and 8-7 to differentiate them from the RAls wlth the same number**

8-1 Add shleldrng integrity and effectrveness tests to Chapter 8, of the applrcatron _

The staff does not agree that with the licensee’s statement in Sectron 8.1.6 of the HI-
STAR 60 application that “Shielding tests are not required for the assembled packaging.”
A shielding integrity test, however, is specified in NUREG-1617, “Standard Review Plan

for Transportation Packages for Spent Nuclear Fuel,” Section 8.2.4.6, and in Regulatory . - - -

Guide 7.9, “Standard Format and Content of Part 71 Appllcatrons for Approval of
Packages for Radloactlve Material,” Section 8.16.

The mtegrrty of the neutron and gamma shielding matenals should be tested to verrfy the
. material composition, boron concentration, neutron shield density as part of the -

- fabrication testing control process. The installation of the shielding materials should be
performed with well documented quality assurance procedures. Further, users of the HI-
STAR 60 implement should quality assured procedures to verify the integrity and
effectiveness of Holtite-A neutron shield for each overpack. Finally, shielding
effectiveness test should be performed for each package at the loading facility site to
verify the effectiveness of the gamma and neutron shrelds usmg wrrtten and approved
procedures. : o

~This information s rieeded to d_eterrnine_ cornpliance.with 10 CFR ‘71 85(0).

"References _
- U.S. Nuclear Regulatory Commlssron "Standard Rewew Plan for Transportatlon
- Packages for Spent Nuclear Fuel,” NUREG 1617, March 2000.

h U S Nuclear Regulatory Commrssron “Standard Format and Content of Parl & T
~ Applications f for Approval of Packages | for Radroactlve Material,” Regulatory Gurde 7.9,
_ Revrsnon 2, March 2005

Holtec Response The mtegnty of the neutron shield is attained by the manufactunnq and
installation requirements discussed in subsection 8.1.5.3. Similarly, the integrity of the gamma
shield material is attained by the material and dimensional inspections already discussed in
subsection 8.1.5.5. Subsection 8.1.6 has been modified to require shielding effectiveness tests
to be performed on the neutron shield and the overpack to verify the integrity of these shields.

8-2 Add periodic shielding tests in the “Maintenance Program” in Chapter 8 of the application.
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The radiation survey specified in Chapter 7 of the SAR only ensures that the package
meets 10 CFR Part 71 dose limits for a particular shipment. The periodic maintenance
test should verify that the neutron shield performs as designed for any given contents
and the verification should involve comparison of dose rate measurements for any given
contents with values calculated for the same contents.

This information is required to confirm that the maintenance program adequately assures
.the package effectiveness throughout the service life of the package and to determine
comphance with 10 CFR Part 71 Subpart E. :

Holtec Response Penod/c sh/eldlng tests have been added to the appllcatlon in paragraph
8 2.3.2. Table 8.2.1is revised accordlngly : ‘

'8-3 ln'Section'8.1.4 ofthe application, revise ‘and include a table that specifies all leakage . . - '

rate tests, the components tested, and the types of leakage rate tests from American
" National Standards Institute (ANSI) N14.5-1997. Also include the leakage rate '
acceptance criterion, and the leakage rate test sensitivity.

In Section 8.1.4, the applicant should include a table for all Ieakage rate test details for
the package. The table should include a fabrication leakage rate test, a pre-shipment

.leakage rate test, a maintenance leakage rate test and a periodic leakage rale test. The -

table should list the components tested, the type of leakage rate test from ANSI N14.5-
-+1997, the leakage rate acceptance criterion with-numerical values and the Ieakage rate
- test sensmwty with numerical values. :

| This information is needed to determine compliance with 1'0 CFR 71.51..

_ Holtec Response Table 4.3.1 has been updated to include the different types of Ieakage tests -
. for the fabrication leakage rate test and the Pre- shlpment leakage rate test, including the-

, "components to be tested, the type of leakage rate test; the leakage rate acceptance criterion

_numerical values and the test sensitivity. . The specific tests for specific components for the .
.- maintenance leakage tests and periodic.leakage test are not provided in this table because they
"are identical to the leakage rate tests for pre-shipment. The acceptance criteria are dependant

upon what component is being tested rather than whether the test is performed for pre-
shipment, fabrication, maintenance or penodrc purposes. The acceptance criteria chosen in

Table 4.3.1 are such that the sum of the various leakage tests for all components that compnse - "
_the containment boundary are less than the leakage rate acceptance criterion specified in Table o
4.1.1. Section 8.1.4 and Table 8.2.1 have béen updated to reference Table 4.3.1, as applicable.

8-4  Specify in the proposed Certificate of Compliance that with the Code exceptions listed in
' Table 2.1.17, that the HI-STAR 60 will be designed, manufactured, and tested according
to Section Il NB of the American Society of Mechanical Engineers (ASME) Code.
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The HI-STAR 60 transportation package should be designed, manufactured, and tested
according to Section Il NB of the ASME Code.

This information is needed to determine compliance with 10 CFR 71.31(c) and 10 CFR
71.47.

Holtec Response This RAI was clarified in a teleconference on September 18, 2008, between
Holtec and NRC Staff as documented by the NRC (ML082670775) to apply only to the
contarnment boundary The proposed CoC has been updated in cond/tron 6(c).

| 8-6-1  Describe in greater detall the closure fasteners” mentioned in Section 8.2.3. 6 of the

application, and clarify the difference between closure fasteners™ and “closure plate
bolting” (Sectlon 2.4.2). A

There is amblgmty in the appllcatron regardlng the closure fasteners and closure plate
- boltlng which should be clanf ed.

This lnformatlon is needed to determme compliance with 10 CFR. 71 33(a)(5) and 10
. CFR71.51. :

Holtec Response: The closure fasteners are the closure bolting.. To avoid confusion “closure
fastener” has been replaced with “closure bolting” throughout Section 8.2 of the SAR.

' Table 8. 2.1in the appllcatlon speclf ies that the closure lid seals wrll be replaced
" following the removal of closure plate bolting. Section 8.2.3.6, of the application _
. however, states that “Removal of closure fasteners may require replacement of closure .

. - seals,if recommended by the seal manufacturer.” These two statements, which do not
- appear to require the same mamtenance schedule for the elastomenc seals, should be - )

reconcﬂed

~ This information‘is needed to determlne compliance With 10 CFR 71 51

_ ' _‘Holtec Response Text in paragraph 8.2.3.6 has been revised to lndrcate that removal of the
- closure bolting requrres replacement of the closure seals.

8-5 Specify that the basket and basket shlm welds mentioned in Section 8.1.2 of the
application meet the requirements of American Society of Mechanical Engineers Boiler
and Pressure Vessel Code (B&PVC) Section Ill NG. Note, however, that any

“attachment made to the confinement boundary (including temporary welds) should meet
the more stringent requirements of ASME B&PVC Section Ill NB.
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Responses to Non-proprietary RAI dated September 3, 2008

Sub-paragraph three of Section 8.1.2 of the application states that basket and basket
shim welds are non-code welds, which is not correct, and appears to be inconsistent
with Section 2.2.1.1.3 of the application. Basket and basket shim welds should be made
to ASME B&PVC Section Il NG requirements, as specified in Table 1-1 of NUREG-
1617. In addition, any attachment to the confinement boundary (including temporary
welds) should meet ASME B&PVC Section Il NB requirements.

This information is needed to determine compliance with 10 CFR 71 .'31(3)(c). '

B Holtec Response: Subsection 8.1.2 has been modified in response__to this RAI. ~

"~ 8-6 -Confirm that the term “or.equivalent” used in Section 8.1.2, sub-paragraph 2 of the

L .application means the examination requirements and acceptance criteria of “equivalent”
welds will be identical to those in the referenced American Society of Mechanical
Englneers Borler and Pressure Vessel Code. :

The term or equwalent" as used in Section 8. 1 2, sub—paragraph 2 of the application '
- should be clarified or removed _

_,"Thrs mformatlon is needed to determlne compliance with 10 CFR 71 31(3)(c)

‘ _Holtec Response:- This RAI was clarified in a teleconference on September 18, 2008 between '
Holtec and NRC Staff as documented by the NRC (ML082670775). Wording such as “equal”or

_ “or equivalent”, where it implies that a Code or material substitution may be made during the

i 'manufacture _and/or test/ng of the packagmg, has been removed from the application.

o _8-7: - Revise Sectlon 8.1.21t0 clarlfy or remove the term “or equal" used in the operung -
‘paragraph regarding the personnel qualifications of weld mspectors to the standards of
the Amencan Soc1ety for Nondestructlve Testlng, SNT-TC 1A ' S

The NRC staff requests clanf catron of removal of the term ‘or equai" as used in the
openrng paragraph of Section 8.1.2 of the appllcatlon :

Thls lnformatlon is needed to determme complrance wrth 10 CFR 71 31(3)(c)

Holtec Response Subsectlon 8 1.2 has been modlf ed in response to this RAI

8-8 Provide and justify the protocol for acceptance test sampling of METAMIC“’ plates that
are to be taken from each lot of plates used in the production of casks for service.

Section 8.1.5.4 does not describe the acceptance testing protocol in sufficient detail.
The applicant should consider (among other details) providing, the size of the samples
used in wet chemistry tests and neutron-beam attenuation measurements, the beam
size used in neutron attenuation experiments, the statistical basis that is used to verify
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Responses to Non-proprietary RAI dated September 3, 2008

the boron carbide weight or volume fraction in the METAMIC® absorber material, the
ratio of the total area sampled to the total area of the neutron absorbing plates, the
average particle size, and nominal particle size distribution of the boron carbide powder,
etc. o

Neutron attenuation tests should not be conducted on “pre-production trial runs” for
verification of criticality safety. Acceptance testing should not be done on samples .
dehberately chosen from the sides of METAMIC® plates. Any thickness reduction that
occurs in the plate materials must be accounted for in coupons samples randomly
selected from the ends of METAMIC® plates. - . .

Th|s mformatron is needed to determrne complrance with 10 CFR 71 33(a)(||) and 10
CFR 71 55. . _

'Holtec Response Subsectlon 8.1.5. 4 has been expanded to prowde and justify the acceptance

testing process.for Metamic panels Specifically note: The coupon size and beam size are
specified; the statistical basis is discussed; and the particle size is specified: all tests are based

. on productions runs; samples are taken from the top or bottom end of the panels, not from the

side; thickness reduction is accounted for by assuming a minimum thickness in the criticality
calculat/ons and verlfylng this thlckness for each panel .

8-9 'Clanfy whether each plate of neutron ‘absorber material will be visually mspected for
s damage and specify that the edges of the each plate will not contain fissures;, fractures
cracks or anomalles that are abnormal to the plate matenal in general ' :

' Sectlon 8 1 5 4 of the applrcatron states, “Each plate of neutron absorber shall be .
visually mspected for damage such as scratches, cracks, burrs, peeled cladding, foreign
‘material embedded in the surfaces, voids, delamination, and surface finish, as L ,

'.applrcable For the staff, all of. these condmons seem to be appllcable for mspectrons of o
neutron absorber plate materrals . - . :

'Thrs mformatuon is needed to determine complrance wrth 10 CFR 71 33(a)(u) and 10
CFR 71 55 : :

Holtec Response The text in subsectlon 8 1. 5 4 has been revised to clanfy that all Metamrc
panels will be visually inspected for all of the conditions listed. :

8-10 Specify and justify that sufficient numbers of neutron attenuation tests will be conducted
to establish the validity of wet chemistry results from acceptance tests conducted on
actual production runs of METAMIC®,

|
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Responses to Non-proprietary RAI dated September 3, 2008

Results of wet chemistry methods alone can not be used to validate the uniformity of the
neutron absorbing plates without adequately bench marking those results against results
from a sufficient number of neutron attenuation measurements.

This information is needed to determine compllance with 10 CFR 71. 33(a)(||) and 10
CFR 71.55.

Holtec Response: Subsection 8.1.5.4 has been revised to discuss the neutron attenuation and
wet chemistry testing. Itis rmpon‘ant to note that the qualification of the panels is conservatively
based on a combination of minimum values for B4C content, B-10 isotopic content and panel

" thickness. The acceptability of the: manufactunng process of the panels, including their

uniformity, is verified in an initial qualification-test program using neutron attenuation testing.
During production runs, only a sampling of panels (10%) will be checked using neutron
attenuation testing to lndependently verify the contlnued quallty of the process

8-11 Describe the critical characterlstlcs and fabrlcatlon procedures for METAMIC® neutron
: ~absorbing plates in Chapter 8 of the application. :

Control of the processing vanables (e.q., partlcle size of the boron carbide powder,

aluminum alloy designation, etc.) and the fabrication procedures (cold-lsosta’uc pressmg, :

extrusion, rolling, etc.) for METAMIC® neutron absorbing plates is important to
: manufacturmg neutron absorbmg plates with consnstent materials propertles ,

" This information.i is needed to determlne compllance wnth 10 CFR 71 33(a)(n) and 10 |
- CFR71.55.. : : .

Holtec Response Subsect/on 8.1.5. 4 has been expanded to provrde the cnt/cal charactenstlcs
and fabncat/on processes for the Metam/c panels

812 Reference appropnate documents or techmcal reports which detarl and control the N
: critical charactenstlcs fabrlcatlon procedures and testlng of METAMIC® neutron '
.absorbrng plates . : :

Control of the cnttcal characterrstrcs fabncatlon procedures and testing of METAMIC®
neutron absorbing plates are essential to the safe operation of the HI-STAR 60 package,
.and have been described in technical reports which the applicant has referenced in the

past. These controlling documents should be referenced S0 that these reports become .

part of the Certificate of Compliance.

This information is needed to determine compliance with 10 CFR 71.33(a)(ii) and 10
CFR 71.55.

Holtec Response: Subsection 8.1.5.4 references the proprietary Holtec report that outlines the
manufacturing and testing program, and contains the results of the acceptance testing program.
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Responses to Non-proprietary RAI dated September 3, 2008

Editorials:
E-1  Revise Table 2.1.1 to label the pressure limits as gauge pressure (psig).

There appears to be a typographical error in Table 2.1.1.

A Holtec Response: The typographical error has been corrected. -

E-2 Remove the statement “The maximum temperature of the contarnment boundary is well :

: below the accident temperature limit” from Sectlon 34, 3 1 of the appllcatron

Section 3.4.3.1 of the application states, “The maxrmum temperature of the contamment
boundary is well below the accident temperature limit.” Yet in Table 3.1.4 of the
application the containment boundary lid seals temperature is reported to be 203°C

* (397°F) during the fire and post-fire cooldown while the accident limit is 204°C (400°F).
In this case, the term “well below” does not appear to accurately represent a difference

- of. 1°C (< 1°F).

Holtec Response In response to RAI-3-3 desrgn measures are taken to minimize seal -

temperatures during fire and restore the seal temperature margins. As the statement - -
appropn'ate,'y reflects the revised design it is retained in the SAR. i

E-3 Remove the dose rate computatlons using lnternatlonal Commission on Radlologlcal

. Protection (ICRP) 74 conversion coefficients from the HI-STAR 60 application. ‘Only the

dose rates calculated using American National Standards Instltute (ANSI) / American
Nuclear Society (ANS) 6.1.1 -~ 1977 - Flux-to—Dose Conversron Factors need to be -
_ shown in the application.. : : S

Tables 5.1.1, 5. 1 2,5.4.3,5. 4. 4,54, 5 and 5. 4 6 I|st dose rates for various cases using _' :

“the ANSI/ANS-6.1.1 Flux-to-Dose factors. Tables 5.4.7,.5. 4.8,5.4.9, and 5.4. 10 list -
dose rates for various cases using the ICRP-74 Dose Response Functlons I'he '

" applicant also provided dose rates for non-exclusive use per.10 CFR 71 47(a) The'

~applicant has not addressed a rationale in the apphcatlon for provrdmg the two sets of
dose rates, one based on ANSI/ANS standard and the other based on ICRP 74 -

" standard." Furthermore, NRC regulations do not require applicants to provide dose rates .

based on ICRP 74 conversion factors. Therefore the applicant should remove these -
Tables with dose rates calculated with ICRP 74 conversion factors and any reference to
them.

Holtec Response: The tables of dose rates using ICRP-74 conversion factors have been
removed as well as the ICRP-74 dose rate conversion factors.
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Responses to Non-proprietary RAI dated September 3, 2008

E-4 Correct Table 1.2.1 to indicate that the correct number of Guide and /or Instrument
Tubes.

Table 5.2.1 lists the Number of Guide Tubes as 20, and Number of Instrument Thimbles
as 1 making a total of 21. Table 1.2.1 “Fuel Assembly Physncal Characteristics,” lists
Number of Guide and/or Instrument Tubes as 20.

" Holtec Response Table 1.2.1 s updated to md:cale 21 as the number of Guide and/or
Instrument Tubes :

E-5 | Correct the typographlcal error in Table 6 A. 1 page 6 A-10

Expenments 38, 39, and 40 cited as PNL—3626 appear to be a typographlcal error. The L

reference (6.A.12) appears to have these experiments correctly hsted as PNL-3926

-. Holtec Response: The typographical error has been corrected.

E-6  Re-phrase the wording regarding closure seals in Section 8.1.5 of the application.

The applicant stated “Cask closure seals are self-energized elastomer seals and .
conservatively specified to provide a high degree of assurance of leak tightness under
normal and accident conditions of transport.” The HI-STAR 60 package is not a leak-
tight package. 'In addition, the NRC staff is not familiar with the term “self-enargized”

- when applied to elastomeric materials Revise the wording to avoid confusion :

-Holtec Response The phrase self-energ/zed" has been removed from the applrcat/on on page
.8.1-3 as well as 8.2-3. The mdlcat/on that the H/-STAR 60 will be leak-tightis also removed from N
. the appllcatron . . .

. E- 7 The alloy desrgnated “Steel Matenal GH4169A" in Table A-3 on page A-4 of Appendlx A
" in the Shielding Evaluation contains less than 19% iron, and thus can not be def ned as-
a steel. By defi nition, steels requure atleast 50% i iron.

Holtec Response Matenal GH4 1 69A is an Inconel type matenal Table A-3 has been clanf ed .
accordingly. _ . :

E—8 " Confirm the composmon of “Steel Material OCr18NllOT| in Table A-3 on page A-4 of
Appendix A of the Shielding Evaluation.

The alloy designated, “Steel Material 0Cr18NilOTi” in Table A-3 on page A-4 of
Appendix A of the Shielding Evaluation would appear, by its own designation to contain
titanium, but according to the composition listed in Table A-3, 0Cr18NilOTi actually
contains no titanium. This may be a typographical error on the part of the applicant.
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Responses to Non-proprietary RAI dated September 3, 2008

Holtec Response: 0Cr18NilOTi is an international standard alloy designation and is not a
typographical error. The composition is 17-19% Cr, 9-12% Ni, < 0.5% Ti and the rest Fe with
minor impurities of C, Si, Mn, P and S. This is simply designated as stainless steel in Holtec
Report HI-2073722, Rev. 2 and the revised HI-STAR 60 SAR. The composition used in the
shielding evaluation is simply 72% Fe, 18% Cr and 10% Ni, and the minor impurities are
neglected.

E-9  Revise the discrepancy in Table 3.4.1 of the application.
In Table 3.4.1 of the application, Royv 5 refers to the conduction of the impact limiter

~ throughout the fire analysis. Yet, the column for post-fi re equilibrium states that air was
assumed to replace the neutron shleld .

Holtec Response: Reference' to “neutron shield” deleted from Row 5.

E-10 Correct the reference inen on page 3.4-2, [R. L] in Section 3.4. 2 of the application.

“This reference appears tobea typographlcal error and should be as [R.L], not [R.M].

" Holtec Response The lnltlal submittal indicated [R.L] for the Sandia pool fire test report. We

confirm that [R.M] is the proper citation for the Sandia pooI fires test report and is referenced in
Section 3.4.2. .

E-11 Clarify the w‘ording‘ regarding the “containment system boundary” in Chapter 4 of thé HI-

.~ STAR 60 application.. Also clarify what components are apart of the containment
_ boundary and the contamment system

The appllcant states that the contamment system boundary includes the closure lid bolts - e
" - and vent/drain poit bolts and vent/drain port test plugs. It appears_that the term should o

" be' contamment system as defi ned in 10 CFR 71 A4, however

4 The aforementroned components do not belong to the contamment boundary, as the
_containment boundary is traditionally defined by the potential leakage path of radioactive
materials. These components are outsrde of contamment boundary

This mformatlon is needed to determine compllance with 10 CFR 71.51

Holtec Response: Section 4.1 and the remainder of Chapter 4 have been updated to be
consistent with the terminology in 10CFR71.4 and NUREG 1617. The closure lid bolts,
vent/drain port bolts and vent/drain port test plugs are part of the containment system, since
they are essential to maintaining the containment boundary.
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Responses to Non-proprietary RAI dated September 3, 2008

E-12 Clarify the mismatch of nuclides in Table A-8 and Table A-1 in the HI-STAR 60
containment analysis (Holtec Report No. HI-2073728, “HI-STAR 60 Containment
Analysis”).

" In Holtec Report HI-2073728, the nuclides in Table A-8 which are included in the
effective A, calculation for fines are different than the design basis fuel assembly
inventory listed in Table A-1. , .

Holtec Response Table A-1 has been corrected to list all of the radionuclides assocrated with
fines. The entire fines inventory is correctly listed in Table A-8 for the calculations of the
effective A, associated with fines. The lnfonnatlon in Table A-1 is redundant and simply a

' summary of the Fuel Assembly mventory : :

_ 'E 13 Remove all references to a 40-year desngn hfe from the application.

The Certifi cate of Comphance will mclude a statement to the effect that HI-STAR 60 is
" certified for transportatlon only, and is not intended for long-term storage.

The HI-STAR 60 is a transportatlon cask and is not lntended for Iong-term storage of
spent nuclear fuel. :

Holtec Response References to a 40—year des;gn life of the cask have been ellmmated from the
. appI/catlon .
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