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

Telephone (856) 797-0900

Fax (856) 797-0909

April 17, 2013

John Goshen, P.E., Project Manager - Licensing Branch
Division of Spent Fuel Storage and Transportation
Office of Nuclear Material Safety and Safeguards

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

Docket No. 72-1014
Certificate of Compliance (CoC) No. 1014

Subject: Supplemental information for License Amendment Request #9 (LAR 1014-9) to
HI-STORM 100 (TAC No. L24476)

References: [1] Holtec Letter 5021011, dated April 3, 2013.
[2] Holtec Letter 5014705, dated September 10, 2010.
[3] Holtec Letter 5014708, dated October 1, 2010
[4] Holtec Letter 5014725, dated July 29, 2011.
[5] Holtec Letter 5014729, dated November 14, 2011.
[6] Holtec Letter 5014737, dated April 25, 2012.
[7] NRC public meeting minutes dated February 12, 2013.
[8] USNRC Docket No. 72-1014, TAC No. L24476

Dear Mr. Goshen:

Holtec International herein submits this supplement to the HI-STORM 100 Amendment 9
License Amendment Request (LAR) in response to the memorandum dated February 12, 2013
[7] detailing the meeting minutes from the NRC-Holtec public meeting on January 16, 2013.

The Final Safety Analysis Report (FSAR) changes that are part of this supplemental submission
are based on HI-STORM 100 FSAR Rev. 10 which was submitted to NRC as a bi-annual update
[6]. The CoC, and Appendices A & B changes are based on Amendment 8 CoC and Appendices
A & B posted on ADAMS on November 23, 2012 [8]. All applicable changes to the CoC and
Appendices A & B from the original Amendment 9 submittal [2], supplemental information [3],
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RAI 1 [4] and RAI 2 [5] responses have been incorporated into the Amendment 9 CoO and
Appendices A & B versions submitted with this supplement.

Attachment 1 is Holtec's response to NRC-Holtec Public Meeting memo dated February 12,
2013. Attachment 2 to this letter contains a summary of the proposed changes. Attachments 3
and 4 contain a summary of accompanying changes to the FSAR, CoC and TS A and B.
Attachments 5, 6, 7 and 8 contain marked-up changes to the FSAR, Certificate of Compliance
(CoC), and Technical Specifications (TS) A & B. Calculation Package Appendix N is in
Attachments 9. Attachment 10 are the Thermal FLUENT Input/Output files, which are submitted
on a hard drive. Attachment 11 is an affidavit written per 10 CFR 2.390 requesting that
Attachments 9 and 10 be withheld from the public due to their proprietary nature.

Thermal Calculation Package Appendix 0 was previously submitted as Attachment 13 to Holtec

Letter 5021011 [ 1 ] and is hereby incorporated by reference.

If you have any questions, then please contact me at (856)-797-0900 ext. 3659.

Sinc~ey

P. Stefan Anton
Acting Licensing Manager
Holtec International

cc: (letter only w/o attachments)
Tony Hsia, USNRC
Michele Sampson, USNRC
Christian Araguas, USNRC
Jorge Solis, USNRC
Ghani Zigh, USNRC
Holtec Group 1 (via email)
HUG Licensing Subcommittee (via email)
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Attachment 1 to Holtec Letter 5014750

Response to NRC-Holtec Public Meeting Memo dated February 12, 2013

The staff identified some modeling issues associated with Holtec's thermal analysis of the
transfer cask. The issues and their potential impact on the predicted peak cladding temperature
are identified below.

Representation of water density using Boussinesq approximation. Real fluid
property as function of temperature and pressure should be implemented for the running
fluids to assess the use of Boussinesq approach on the final Computational Fluid
Dynamics (CFD) results.

Holtec Response:

Holtec agrees with NRC staff on representing real fluid property as a function of
temperature instead of using the Boussinesq approximation approach. The HI-TRAC
thermal models were modified to model the water density in water jacket as a function of
temperature.

2 The representation of fuel rods using porous media and effective thermal
conductivity. In the porous media approximation, fuel rods were approximated
hydraulically by using frictional and inertial resistance. Also effective thermal
conductivity was used to model radiation and conduction heat transfer in the fuel
assembly instead of representing the real geometry. Effective thermal conductivity was
also used in the air gap between the MPC and the transfer cask. Calculations should be
performed to assess the sensitivity on the final results (i.e., peak cladding temperature
(PCT)) to possible changes in frictional losses, inertial losses, and use of effective
thermal conductivity.

For example, the staff performed some sensitivity calculations in the use of effective
thermal conductivity in the air gap between the MPC and the transfer cask. The
FLUENT model provided by Holtec was modified to represent the air gap to allow air
motion as well as heat transfer by conduction and radiation. The water density in the
water jacket was represented by using water density as a function of temperature. With
these changes, the staff obtained a peak cladding temperature of 745'F as compared to
Holtec's result of 738'F for the bounding case (X=3) and an ambient temperature of
1 10°F. The PCT predicted by the staff is below the allowable limit but this result does
not include the discretization error or the application error, as explained later.

In addition, the staff performed a FLUENT analysis of the thermal-hydraulic experiment
performed at Sandia National Laboratory (SNL) for a 17XI 7 PWR fuel assembly. The
SNL thermal-hydraulic experiment was performed for buoyancy driven flow. The
analysis indicated that a viscous resistance factor of about a million would match the
experimental data. Also, the staff performed a sensitivity calculation using a viscous
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Attachment 1 to Holtec Letter 5014750
resistance factor similar to the value used in the FLUENT analysis of the SNL
experiment for the same basket storage cell width and obtained a PCT of about 782°F.
The validation against the SNL experiment for a similar fuel assembly type and same
storage cell width indicates that a viscous resistance factor of about one million
adequately captures the fuel assembly pressure drop, as measured in the SNL experiment.
Holtec should consider how it will justify the viscous resistance factors used in their
thermal analysis to properly capture the fuel assembly pressure drop since, as indicated
earlier based on experimental data, the values currently used in the thermal model
appears to be non-conservative.

As indicated earlier, the analysis provided by Holtec does not include the discretization
and the application errors. These should be quantified to assess their impact on the
predicted PCT. These errors are described below.

a Spatial discretization (numerical) errors. Discretized equations have a limited resolution
in space. Increasing the number of cells will reduce the discretization error and therefore
the results will be closer to the exact solution. Also, the higher the order of the scheme
the closer the results will be to the exact solution. Grid Convergence Index method
(ASME V&V 20-2009) can be used to assess the sensitivity of the solution to the grid
density. Per ASME V&V 20-2009, when using the GCI method to estimate the
discretization error, the following criteria should be met:

" The solution from the different grids used display monotonic convergence.

* The solution from the different grids used should be in the asymptotic range.

b Application uncertainties. Uncertainty in the applied boundary conditions may lead to
errors and differences between the exact solution and the discretized equations.
Calculations on the applied boundary conditions should be performed to assess their
sensitivity to the predicted peak cladding temperature.

The applicant should provide the difference (to PCT) contributed by each uncertainty and
provide the PCT for the bounding ambient temperatures (with and without insolation).

Holtec Response:

Flue Flow Resistance Comment:

NRC staffs provided Holtec the partial report for the thermal-hydraulic experiments
performed at Sandia National Laboratory (SNL) and the validation FLUENT model
performed by NRC staffs. In the validation FLUENT model, the fuel assembly located
inside a single cell is modeled as the porous medium with the viscos factor at about I
million. After reviewing the information from NRC, Holtec post-processed the FLUENT
model provided by NRC and obtained the volumetric flow rate and the maximum
cladding temperature at elevations of 136 and 142 inches.
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Attachment 1 to Holtec Letter 5014750
The results predicted by the FLUENT model have a good agreement with the
measurement results provided in the experimental report. Based on the above
observation, Holtec agrees with NRC staff that a viscous resistance factor of one million
adequately captures the flow character of the typical 17x 17 PWR fuel assemble using in
SNL experiment. Therefore, a viscous factor of I x 106 m-2 is used in all models submitted
for this amendment request. The review of information provided by NRC is documented
in the Appendix 0 of Holtec report HI-2043317R19 provided to NRC.

Air Gap Modeling Comment:

Holtec agrees with NRC staffs on explicitly modeling the annular air gap between the
MPC shell and the HI-TRAC inner shell as fluid zone, instead of a solid zone having an
effective thermal conductivity. The HI-TRAC thermal models were modified to model
the annular gap explicitly.

Ambient Air Temperature Comment:

HI-TRAC transfer cask was evaluated for both inside and outside building environmental
conditions. The ambient conditions are listed in Table 2.2.2 of FSAR and given below:

I HI-TRAC Transfer Cask I
Inside Building Short Term 110°F with no insolation
Operations (3-Day Average)

Outside Building Short Term 90°F with insolation
Operations (3-Day Average)

Discretization and Application Errors Analysis

(a) Spatial discretization (numerical) errors

To evaluate the spatial discretization error, a grid independence study was performed
per ASME V&V 20-2009. The following table gives a brief summary of the
different sets of grids evaluated along with the PCT results. As can be seen from this
table, the finest mesh (Mesh 3) is 4.8 times the total mesh size of the baseline mesh
(Mesh 1). Even with such a large mesh refinement, the change in PCT is small. The
solutions from the different grids used are in the asymptotic range. The small PCT
difference between the meshes is negligible compared to the available PCT safety
margin. To provide further assurance of convergence, the sensitivity results are
evaluated in accordance with the ASME V&V 20-2009. The apparent order is
calculated as 1.5, which is close to the theoretical order of discretization scheme.
The calculation of Grid Convergence Index (GCI), which is a measure of the
solution uncertainty, is computed as 0.37%.

Page 3 of 5



Attachment I to Holtec Letter 5014750

Mesh No Total Cell Number PCT
oC (OF)

1 887640 391 (736)

2* 2026834 390 (734)

3 4264584 390 (734)

* Mesh 2 is reasonably converged and is adopted for all
licensing basis calculations.

(b) Application uncertainties

To evaluate the uncertainty in applied boundary conditions, the following sensitivity
studies were performed:

(i) A sensitivity study was performed to study the effect of fuel thermal
conductivity on PCT by reducing it by 10%.

(ii) A sensitivity study was performed to study the effect of cask external surface
heat transfer coefficient (h) on PCT by reducing it by 10%.

(iii) A sensitivity study was performed to study the combination of the above two
changes.

The PCT results for the above mentioned sensitivity studies are shown in the table
below. These analyses were performed with the following input parameters:

0 Fuel viscous resistance factor of lxl06 m-2 for all three zones of fuel assembly
* 90% of design basis maximum heat load (Section 2.1.9 of HI-STORM 100

FSAR) and a regionalization parameter X=3;
* 90°F ambient temperature with 1 OCFR71 insolation level.

The results show that the PCT under the worst combination of both reduced fuel
thermal conductivity and heat transfer coefficient is still below the fuel temperature
limit.

Model Peak Clad Temperature
0C (OF)

Reference Fuel Conductivity,
h=5.2 W/m 2-K 390_(734)

(i) Reduced Fuel Conductivity, 393(739)
h=5.2 W/m2-K 393_(739)

(ii) Reference Fuel Conductivity, 393(739)
h=4.68 W/m 2-K 393-(739)

Reduced Fuel Conductivity,
h=4.68 W/m_-K 395_(743)
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Attachment 1 to Holtec Letter 5014750

All these evaluations are documented in the Holtec report HI-2043317R19 or LAR-9
Sections 4.5 and 4.6 provided to NRC.

3. Provide helium velocity profiles (contours/vectors) in basket region, upper
plenum, downcomer and low plenum (cut planes are shown below).

ýCup planes I i

. Upper Plenum

450

.• , • t"-'• : ..:. -

N ,

....... a.-,,i o ........ . .....
f Lv15e P lenumn

I Helium velocity contour/vector

In ba.lket region, upper plenum,

downwomer, and lower plenum

Holiec Response:

The helium velocity profiles were added as Figures N. 1 thru N.7 in Holtec report HI-
2043317 revision 19. This report is provided for NRC staffs reference. The velocity
vectors through these multiple planes clearly demonstrate thermosiphon action inside the
MPC cavity.
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Attachment 2 to Letter 5014750

Summary of Proposed Changes for LAR 1014-9 Supplemental Submittal

The purpose of this document is to provide supporting information for proposed changes requested with
LAR 1014-9. Specifically, the change is to update the thermal model for the HI-TRAC transfer cask from
a two dimensional thermal hydraulic model to a three dimensional thermal hydraulic model, and perform
thermal evaluations with increased thermal resistance data obtained from the NRC. Information
previously submitted regarding supplemental cooling or lack thereof shall be superseded by information
in this submittal, and will be identified.

Proposed Changes

Table 1 below summarizes the conditions, sections and/or pages that have been revised, removed or
added to the Certificate of Compliance (CoC), Technical Specification (TS) Appendices A, A-1OOU, B
and B-iOOU due to modification of requirements for Supplemental Cooling and improvement in the
thermal analysis methodology for the HI-STORM 100 and I OOU storage systems during short term
operations.

Table 1

CoC* "TS* A TSA-10OU "TS TS B-10OU

Pages 1-5, Amd. Nos. Table of Contents (Page i) Table of Contents (Page i) Table of Contents (Page i) Table of Contents (Page i)

Condition 9 Pag LCO 3.1.1 (Page 3.1.1-1) LCO 3.1.1 (Page 3.1.1-1) Section 3.4 (Page 3-17) Section 3.7 (Page 3-13)
LCO 3.1.4 (Page 3.1.4-1) LCO 3.1.4 (Page 3.1.4-1) Section 3.7 (Page 3-23) Section 3.11 (Page 3-18)

Table 3-1 (Page 3.4-1) Table 3-1 (Page 3.4-1) Section 3.9 (Page 3-25)
Table 3-2 (Page 3.4-2) Table 3-2 (Page 3.
Table 3-3 (Page 3.4-3) Table 3-3 (Page 3.4-3)

Table 3-4 (Page 3.4-3) Table 3-4 (Page 3.4-3)
*CoC - Certificate of Compliance *TS - Technical Specification

Reason for Proposed Changes

The changes indicated above were proposed in order to simplify the requirements for short term
operations using the HI-TRAC for the HI-STORM 100 or 100 U Systems so that the occupational dose,
loading times, and crew safety are improved. This will be accomplished by utilizing a three dimensional
thermal-hydraulic model of the HI-TRAC transfer.

Justification for Proposed Change

Holtec utilized Sandia National Labs (SNL) experimental data described in NRC memorandum of Holtec-
NRC public meeting dated February 12, 2013 during the thermal analysis process to provide confirmation
that Supplemental Cooling is required during HI-TRAC fuel transfer operations under specific conditions.
The data was provided to Holtec by the NRC. As the supplemental cooling requirement is based on
thermal loadings at threshold and ambient temperature conditions, other aspects of the system also needed
evaluations. These included the MPC Helium backfill pressure, MPC cavity drying mechanisms, and
MPC model. To that end evaluations were performed to ensure the system would continue to function in
its entirety as required under normal, off-normal and accident conditions.
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Attachment 2 to Letter 5014750

Per analyses, temperatures remained below the ISG- 11 Revision 3 and HI-STORM 100 FSAR Rev. 10
Table 2.2.3 limits. MPC Helium backfill pressure remained within the designed pressure limit under all
loading conditions, and the revised MPC cavity drying limits remained consistent with the design basis.

Evaluations yielded similar results for all MPC models.

The proposed changes do not affect the structural changes to the I OOU and the accompanying evaluations

submitted with the original license Amendment # 9 dated September 10, 2010 (Holtec Letter No.

5014705), and accompanying documents in the supplemental letter and attachments dated October 1,
2010, RAI round 1 response letter and attachments dated July 29, 2011, and RAI round 2 response letter

and attachments dated November 14, 2011. Those changes have been incorporated and will not be
identified with a strikethrough, underline and/or a change bar on the side of the page. Please note that

only thermal changes are identified in this submission, which is based on the approved Amendment 8
CoC, TS A & B. The original amendment 9 submission was based on the approved Amendment 7.

The change was evaluated via re-analysis of short-term operations involving the HI-TRAC transfer cask

for the case of loadings with High Bum-up Fuel (HBF). These operations include drying of the MPC and
on-site transport of the dried MPC. Per this submittal, use of a Supplemental Cooling System (SCS) will

only be required under the following conditions:

1. For post-backfill HI-TRAC operations of an MPC containing one or more high bum-up (> 45,

000 MWD/MTU) fuel assemblies and storage cells heat loads in excess of 90% of the design

basis storage cell heat loads defined in Appendix B, Section 2.4.2.

2. If following determination of three-day average ambient temperatures in excess of 90°F inside
and 11 0IF outside operations building for intended short-term HI-TRAC operations dates, a site-

specific evaluation performed using the loaded fuel determines the predicted cladding
temperatures exceed the ISG-1 1 Rev. 3 limits for such operations.

The Final Safety Analysis Report (FSAR) part of this supplemental submission is based on Rev. 10 to the

HI-STORM 100 FSAR (Docket 72-1014). The CoC, and TS Appendices A & B changes are based on
Amendment 8 CoC and TS A & B posted on ADAMS on November 23, 2012. The CoC and TS A & B

from the original Amendment 9 submittal as well as changes to each from RAI # 1 and RAI #2 responses

have become incorporated into the current Amendment 9 CoC and TS A & B submitted with this

supplement.

The following FSAR sections and other documents previously submitted are superseded by information

in this submittal:

1. FSAR Section 4_5-R9B (superseded by 4_5-RI1A)
2. FSAR Section 4_6-R9B (superseded by 4_6-RI0A)
3. FSAR Section 4_8-R9A (superseded by 4_8-RI1A)

4. FSAR Section Supp. 11_I-R9B (superseded by Supp. 11I - ROA)

5. Holtec Report HI-2043 317R10 Appendices C & D (superseded by HI-2043 317R18 Appendices

C, D & N) - Calculation Package

6. CoC (superseded by marked-up CoC in this package)
7. TS A (superseded by marked-up TS Appendix A in this package)

8. TS B (superseded by marked-up TS Appendix B in this package)
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Attachment 2 to Letter 5014750

The following FSAR sections are being submitted as additions to the original submittal:

1. 1_2-RI OA (editorial changes only)
2. 2_0-RIGA
3. 2_1-RIOA
4. 2_2-RIOA
5. 2_C-RIOA
6. 8_1-RI OA (editorial changes only)
7. 8_3-R10A
8. 11 _1-R1OA
9. 12_2-Rl0A
10. 12_AB3_1_1-RIQA
11. 12 A B3 1 4-RI1A
12. Holtec Report (HI-2043317R18 Appendix N)

The following FSAR sections, reports and Request for Additional Information (RAI) responses
previously submitted are not being resubmitted and will not be superseded by information in this
submittal:

Amendment 9 request letter dated September 10, 2010 (Holtec Letter No. 5014705)

1. FSAR Sections Supplements 1_I-R9A and 10_I-R9A in attachment 3.

Amendment 9 supplemental letter dated October 1, 2010 (Holtec Letter No. 5014708)

1. Appendices C & D in attachment 1
2. Calculations IA, 2A, 7A, 9A and 1IA from Holtec Report (HI-2053389R9) in attachment 2
3. Holtec report HI-2104599R0

Holtec response to RAI letter dated July 29, 2011 (Holtec Letter No. 5014725)

I. Responses in RAIs in attachment 1
2. FSAR Section Supplement 21-R9B in attachment 3
3. Appendix F to Holtec Report (HI-2104599R1) in attachment 5
4. Holtec Position Paper DS 338Rev 1 in attachment 6
5. Holtec Drawing 450 1R6 in attachment 7

Holtec response to 2nd RAI letter dated November 14, 2011 (Holtec Letter No. 5014729)

1. Response to 2 nd round RAIs in attachment 1
2. FSAR Section Supplement 3_I-R9C
3. Appendix G, G1, G2 and G3 to Holtec Report (HI-2104599R2) in attachment 3
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Attachment 2 to Letter 5014750

An NRC-Holtec public meeting was held on January 16, 2013. During the meeting NRC staff stated three

thermal modeling issues that concerned them with Holtec's thermal analysis of the transfer cask. The

issues were subsequently documented in a memorandum of the meeting minutes dated February 12, 2013.

The issues are stated along with Holtec's response to each in Attachment 1 to this letter. Holtec re-

performed the thermal analysis incorporating the following measures identified by the NRC:

" real fluid property as a function of temperature and pressure,

* modeled air gaps instead of a solid zone with an effective thermal conductivity,

* utilized viscous resistance factor of one million per experimental data from Sandia National

Laboratory (SNL),

* determined monotonic convergence by varying the number of cells for each mesh,

* evaluated uncertainty in applied boundary conditions by varying thermal conductivities and heat

transfer coefficients for inside and outside building conditions, and

" providing the requested helium velocity profiles of the indicated regions of the MPC. See

Enclosure 1 for full response.

Holtec understands the importance of safety and supports studies such as the thermal-hydraulic

experiment performed at SNL on the 17 x 17 PWR fuel assembly for buoyancy driven flow. The data

obtained from that experiment referenced in NRC memorandum (February 12, 2013) of NRC-Holtec
public meeting on January 16, 2013 has been incorporated into the thermal analysis in this package, and

while the temperature margins to the regulatory limits were slightly reduced, they remained adequate.
Holtec has responded to all issues identified by the NRC, and looks forward to a timely review and

acceptance of the proposed changes.
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Attachment 3 to Holtec Letter No. 5014750

Changes to HI-STORM 100 Final Safety Analysis Report (FSAR)

FSAR
Section/Table/Figure Description of Change

Number

Subsection 1.2.2.2, Supplemental Cooling System (SCS) requirement changed from temperature
Page 1.2-25 exceeding long-term limits to short-term limits in HI-TRAC.

Table 1.2.2 MPC Short-term operations pressure conditions added to table.

Subsection 2.0.1, MPCs threshold heat loads for forced helium dehydration (FHD) drying of MPC
Page 2.0-3 cavity and SCS revised.

Subsection 2.0.3, MPC threshold heat load for SCS revised for HI-TRAC short-term operations.
Page 2.0-9

Subsection 2.1.9.1.5 Subsection discussing SCS threshold heat loads added to FSAR.

Table 2.1.30 Note I added to table to link cell heat loads and reduction factors mandating
SCS operation.

Table 2.2.1 Short-term operations MPC Internal Pressure added to table.

Table 2.2.2 Indoors and outdoors 3-day temperature average for short-term operations

added to table.

Subsection 2.C.2 SCS design criteria for ambient air temperature revised.

Section 4.5 See changes to Subsection 1.2.2.2 above.

Subsection 4.5.1 Methodology revised to adopt the 3D HI-TRAC thermal model and
incorporation of high fluid resistance.

Subsection 4.5.3.1 Revised methodology to adopt the 3D thermal model for evaluating Vacuum
Drying Operations.

Subsection 4.5.3.2 Table FHD requirement for heat loads deleted.

Subsection 4.5.4 Discussion on re-flooding operations added.

Subsection 4.5.5 Retitled. Revised discussion on maximum temperature.

Subsection 4.5.5.1 Retitled. Discussion revised.

Subsection 4.5.5.2 Title and discussion replaced.
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Subsection 4.5.5.3 New Discussion.

Subsection 4.5.5.4 New Section.

Subsection 4.5.5.5 New Section.

Subsection 4.5.6 Revised discussion on MPC maximum internal pressure.

Table 4.5.1 Replaced.

Tables 4.5.4 - 4.5.8 Tables revised.

Table 4.5.9 New Table.

Subsection 4.6.2.1, Revised discussion on HI-TRAC Fire.
Page 4.6-6

Subsection 4.6.2.2 Revised discussion on Jacket Water Loss.

Table 4.6.2 Revised to include HI-TRAC Fire Accident pressure and recalculated HI-TRAC
Jacket Water Loss.

Table 4.6.5 Modified for regionalized loadings.

Section 4.8, Two references added.
Page 4.8-3

Subsection 8.1.1 Filled water jacket requirement added as foot note 1.
Page 8.1-1

Subsection 8.1.1, SCS helium backfill requirement revised.
Page 8.1-2

Subsection 8.1.4, Annulus water flushing requirement removed.
Page 8.1-20

Subsection 8.1.6, SCS time limits requirement revised.
Page 8.1-25

Subsection 8.1.7, Page SCS usage requirement revised.
8.1-27

Table 8.1.6, Modified to include high decay heat loads.
Page 8.1-40

Subsection 8.3.2, Revised threshold heat load criteria.
Page 8.3-4

Section 11.1 HI-TRAC Off-Normal Ambient Temperature section added.
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Subsection 11.1.8 New subsection on HI-TRAC off-normal ambient temperatures.

Subsection 11.1.8.1 New subsection on cause of off-normal ambient temperatures.

Subsection 11.1.8.2 New subsection on detecting off-normal ambient temperatures.

Subsection 11.1.8.3 New subsection on effects of off-normal ambient temperatures.

Subsection 11.1.8.4 New subsection on corrective action for off-normal environmental
temperatures.

Subsection 11.1.8.5 New subsection on radiological impact of off-normal environmental
temperatures.

Subsection 12.2.11 Revision to recommendations for MPC drying.

Subsection B3.1.1, B.1 Revised.
Page B3.1.1-4

Subsection B3.1.1, Reference removed.
Page B3.1.1-9

Subsection B3.1.4, Revised conditions for SCS operations, including when using high and lower
Page B3.1.4-2 helium backfills.

Subsection B3.1.4, Revised texts to reference SCS design limits. Added ambient temperature

Page B3.1.4-3 requirements.

Subsection 11.1.1 Added HI-TRAC off-normal ambient temperatures to the list of off-normal
events.

Subsection 11.1.1.9 New section.

Subsection 11.1.2.16 SCS condition evaluation.
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Attachment 4 to Holtec Letter No. 5014750

Summary of Changes to HI-STORM 100 CoC, Appendix A & B

CoC, Appendix A and
Appendix B Description of Change

Section/Table/Figure
Number

Amend. No. changed to New amendment number.
9 throughout CoC

CoC, Condition 9 Editorial Changes

Appendix A, Table Of Added Tables 3-3 and 3-4 on Page 3.4-3
Contents (TOC)

Appendix A, LCO 3.1.1 MPC total decay heat thresholds revised.
Subsection 3.1.1

Appendix A, Updated to reference Tables 3-3 and 3-4 on pages 3.1.2-1 and 3.2.1-2
Subsection 3.1.2

Appendix A, LCO 3.1.4 revised SCS requirements.
Subsection 3.1.4

Appendix A, Modified MPC Heat Load requirements.
Table 3-1

Appendix A, Modified to include uniform and regionalized heat loads for various helium
Table 3-2 backfill pressures.

Appendix A, Added to Appendix. Regionalized storage cell heat load limits.
Table 3-3

Appendix A, Added to Appendix. Uniform storage cell heat load limits.
Table 3-4

Appendix A-100U, TOC Added Tables 3-3 and 3-4 on Page 3.4-3

Appendix A-100U, LCO 3.1.1 MPC total decay heat thresholds revised.
Subsection 3.1.1

Appendix A-100U, LCO 3.1.4 revised SCS requirements.
Subsection 3.1.4

Appendix A-100U, Modified MPC Heat Load requirements.
Table 3-1
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the cradle is equipped with rotation trunnions they are used to engage the HI-TRAC 100 or 125
pocket trunnions. While the loaded HI-TRAC is lifted by the lifting trunnions, the HI-TRAC is
lowered onto the cradle rotation trunnions. Then, the crane lowers and the HI-TRAC pivots around
the pocket trunnions and is placed in the horizontal position in the cradle.

The HI-TRAC 1 OOD and 125D do not include pocket trunnions in their designs. Therefore, tile user
must downend the transfer cask onto the transport frame using appropriately designed rigging in
accordance with the site's heavy load control program.

If the loaded HI-TRAC is transferred to the cask transfer facility in the horizontal orientation, the HI-
TRAC transport frarne and/or cradle are placed on a transport vehicle. The transport vehicle may be
an air pad, railcar, heavy-haul trailer, dolly, etc. If the loaded HI-TRAC is transferred to the cask
transfer facility in the vertical orientation, the HI-TRAC may be lifted by the lifting trunnions or
seated on the transport vehicle. During the transport of the loaded HI-TRAC, standard plant heavy
load handling practices shall be applied including administrative controls for the travel path and tie-
down mechanisms.

For MPCs containing any HBF and a decay heat load that would yield a peak HBF cladding
temperature above the ef-igshort-terrn temperature limit, the Supplemental Cooling System (SCS) is
required to be operational during the time the loaded and backfilled MPC is in HI-TRAC to ensure
fuel cladding temperatures remain within limits. The SCS is discussed in detail in Section 4.5 and
the design criteria for the system are provided in Appendix 2.C. Tile SCS is not required when the
MPC is inside the HI-STORM overpack, regardless of decay heat load.

After the loaded HI-TRAC arrives at the cask transfer facility, the HI-TRAC is upended bya crane if
the HI-TRAC is in a horizontal orientation. The loaded HI-TRAC is then placed, using the crane
located in the transfer area, on top of HI-STORM, which has been inspected and staged with the lid
removed, vent duct shield inserts installed, the alignment device positioned, and the mating device
installed, as applicable.

After the HI-TRAC is positioned atop the HI-STORM or the mating device, the MPC is raised
slightly. In the standard design, the transfer lid door locking pins are removed and the doors are
opened. With the HI-TRAC I 00D and 125D, the pool lid is removed using the mating device. The
MPC is lowered into HI-STORM. Following verification that the MPC is fully lowered, slings are
disconnected and lowered onto the MPC lid. For the HI-STORM 100, the doors are closed and HI-
TRAC is removed from on top of HI-STORM or disconnected from the mating device, as applicable.

For the HI-STORM lO0S and the H I-STORM IOOS Version B, the standard design HI-TRAC may
need to be lifted above the overpack to a height sufficient to allow closure of the transfer lid doors
without interfering with the MPC lift cleats. The HI-TRAC is then removed and placed in its
designated storage location. The MPC lift cleats and slings are removed from atop the MPC. The
alignment device, vent duct shield inserts, and mating device is/are removed, as applicable. The pool
lid is removed from the mating device and re-attached to the HI-TRAC IOOD or 125D prior to its
next use. The HI-STORM lid is installed, and the upper vent screens and gamma shield cross plates
are installed. The HI-STORM lid studs and nuts are installed.
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Table 1.2.2

KEY PARAMETERS FOR HI-STORM 100 MULTI-PURPOSE CANISTERS

PWR BWR
Pre-disposal service life (years) 40 40

Design temperature, max./min. (°F) 725ot/-40°o 7250'/-400"
Design internal pressure (psig)

Normal conditions 100 100
Off-normaliShort-term conditions 110 I 10
Accident Conditions 200 200

Total heat load, max. (kW) 36.9 36.9

Maximum permissible peak fuel cladding
temperature:

Long Tenn Normal (OF) 752 752
Short Term Operations (OF) 752 or 1058tt 752 or 1058t*
Off-nonnal and Accident (OF) 1058 1058

Maximum normal condition design temperatures for the MPC fuel basket. A complete

listing of design temperatures for all components is provided in Table 2.2.3.

tt Temperature based on off-normal minimum environmental temperatures specified in

Section 2.2.2.2 and no fuel decay heat load.

fft See Section 4.5 for discussion of the applicability of the 1058'F temperature limit during

MPC drying.
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iv. For High Burnup Fuel (HBF), operating restrictions are imposed to limit the maximum
temperature excursion during short-term operations to 65°C (11 7°F).

To achieve compliance with the above criteria, certain design and operational changes are necessary,
as summarized below.

The peak fuel cladding temperature limit (PCT) for long term storage operations and short
term operations is generally set at 400'C (752°F). However, for MPCs containing all
moderate burnup fuel, the fuel cladding temperature limit for short-term operations is set at
570'C (1058°F) because fuel cladding stress is shown to be less than approximately 90 MPa
per Reference [2.0.9]. Appropriate analyses have been performed as discussed in Chapter 4
and operating restrictions added to ensure these limits are met (see Section 4.5).

ii. For MPCs containing at least one high burnup fuel (HBF) assembly or if the MPC heat load
is greater than 2&.4-WI (he threshold heat load defined in (,See Seetioiiable -4.5.43-24 1, the
forced helium dehydration (FHD) method of MPC cavity drying must be used to meet the
normal operations PCT limit and satisfy the 65°C temperature excursion criterion for HBF.

iii. The off-normal and accident condition PCT limit remains unchanged (1058°F).

iv. For MPCs loaded with one or more high burnup fuel assemblies o-igand the MPC heat load
is greater than 28.741AkW(threshold heat load defined in Table See Section 4.5.44-1-), the
Supplemental Cooling System (SCS) is required to ensure fuel cladding temperatures remain
below the applicable temperature limit (see Section 4.5). The design criteria for the SCS are
provided in Appendix 2.C.

The MPC cavity is dried using either a vacuum drying system, ora forced helium dehydration system
(see Appendix 2.B). The MPC is backfilled with 99.995% pure helium in accordance with the limits
in Table 1.2.2 during canister sealing operations to promote heat transfer and prevent cladding
degradation.

The normal condition design temperatures for the structural steel components of the MPC are based
on the temperature limits provided in ASME Section 11, Part D, tables referenced in ASME Section
III, Subsection NB and NG, for those load conditions under which material properties are relied on
for a structural load combination. The specific design temperatures for the components of the MPC
are provided in Table 2.2.3.

The MPCs are designed for a bounding thermal source term, as described in Section 2.1.6. The
maximum allowable fuel assembly heat load for each MPC is limited as specified in Section 2.1.9.

Each MPC model, except MPC-68F, allows for two fuel loading strategies. The first is uniform
fuel loading, wherein any authorized fuel assembly may be stored in any fuel storage location up
to a maximum specific heat emission rate, subject to other restrictions, such as location
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MPC for which the HI-TRAC is designed are defined in Chapter I.

Thermal

The allowable temperatures for the HI-TRAC transfer cask structural steel components are based on
the maximum temperature for material properties and allowable stress values provided in Section It
of the ASME Code. The top lids of the HI-TRAC 125 and HI-TRAC 125D incorporate Holtite-A
shielding material. This material has a maximum allowable temperature in accordance with the
manufacturer's test data. The specific allowable temperatures for the structural steel and shielding
components of the HI-TRAC are provided in Table 2.2.3. The HI-TRAC is designed for off-normal
environmental cold conditions, as discussed in Section 2.2.2.2. The structural steel materials
susceptible to brittle fracture are discussed in Section 3.1.2.3.

The HI-TRAC is designed for the maximum heat load analyzed for storage operations. When the
MPC contains any high burnup fuel assemblies e,-Wand the MPC decay heat is greater than 298-,-74
kW" (See SeEtic'f-the threshold heat load defined in Table 4.5.5-44), the Supplemental Cooling System
(SCS) will be required for certain time periods while the MPC is inside the HI-TRAC transfer cask
(see Section 4.5). The design criteria for the SCS are provided in Appendix 2.C. The HI-TRAC water
jacket maximum allowable temperature is a function of the internal pressure. To preclude over
pressurization of the water jacket due to boiling of the neutron shield liquid (water), the maximum
temperature of the water is limited to less than the saturation temperature at the shell design pressure.
In addition, the water is precluded from freezing during off-normal cold conditions by limiting the
minimum allowable temperature and adding ethylene glycol. The thermal characteristics of the fuel
for each MPC for which the transfer cask is designed are defined in Section 2.! .6. The working area
ambient temperature limit for loading operations is limited in accordance with the design criteria
established for the transfer cask.

Shielding

The HI-TRAC transfer cask provides shielding to maintain occupational exposures ALARA in
accordance with IOCFR20, while also maintaining the maximum load on the plant's crane hook to
below either 125 tons or 100 tons, or less, depending on whether the HI-TRAC 125 or HI-TRAC 100
transfer cask is utilized. The HI-TRAC calculated dose rates are reported in Section 5.1. These dose
rates are used to perform a generic occupational exposure estimate for MPC loading, closure, and
transfer operations, as described in Chapter 10. A postulated HI-TRAC accident condition, which
includes the loss of the liquid neutron shield (water), is also evaluated in Section 5.1.2. In addition,

HI-TRAC dose rates are controlled in accordance with plant-specific procedures and ALARA
requirements (discussed in Chapter 10).

The HI-TRAC 125 and 125D provide better shielding than the HI-TRAC 100 or 100D. Provided the
licensee is capable of utilizing the 125-ton HI-TRAC, ALARA considerations would normally
dictate that the 125-ton HI-TRAC should be used. However, sites may not be capable of utilizing the
125-ton HI-TRAC due to crane capacity limitations, floor loading limits, or other site-specific
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2.1.9.1.4 Other Considerations

In computing the allowable maximum fuel storage location decay heats and fuel assembly average
burnups, the following requirements apply:

" Calculated burnup limits shall be rounded down to the nearest integer

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

" Linear interpolation of calculated burnups between cooling times for a given fuel assembly
maximum decay heat and minimum enrichment is permitted. For example, the allowable
burnup for a minimum cooling time of 4.5 years may be interpolated between those burnups
calculated for 4 and 5 years.

" ZR-clad fuel assemblies must have a minimum enrichment, as defined in Table 1.0.1, greater
than or equal to the value used in determining the maximum allowable burnup per Section
2.1.9.1.3 to be authorized for storage in the MPC.

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

Section 12.2.10 provides a practical example of determining fuel storage location decay heat,
burnup, and cooling time limits and verifying compliance for a set of example fuel assemblies.

2.1.9.1.5 Supplemental Cooling Threshold Heat Loads

Fuel loading operations involving the handling of' High Burnup Fuel (1--BF) in a dewatered MPC
emplaced in 1I 1-TRAC transfer cask require additional cooling under certain thermal loads to address
reduced heat dissipation relative to the normal storage condition. To address this requirement the
Supplemental Cooling System (SCS) defined in Appendix 2.C is mandated under threshold heat
loads defined in Section 4.5 and Table 2.1.30. The specific design of a* SCS must accord with site-
specific needs and resources, including the availability of plant utilities. However, a set of
specifications to ensure that the performance objectives of the SCS are satisfied by plant-specific
designs are set forth in Appendix 2.C.
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Table 2.1.30

MPC Regionalized Loading Heat Load Limits (q, and q,)' for Discrete Values of X

X MPC-24 MPC-32 MPC-68
q1 (kW) q2 q, q 2 (kW) q, q2

(kW) (kW)_ (kW) (kW)
0.5 1.025 2.050 0.710 1.419 0.354 0.710
0.6 1. 128 1.880 0.796 1.327 0.392 0.653
0.7 1.216 1.737 0.873 1.248 0.424 0.606
0.8 1.292 1.615 0.943 1.178 0.453 0.566
0.9 1.358 1.509 1.005 1.117 0.478 0.531
1 1.416 1.416 1.062 1.062 0.500 0.500
1.1 1.468 1.334 1.114 1.012 0.519 0.472
1.2 1.513 1.261 1.161 0.968 0.537 0.447
1.3 1.554 1.195 1.205 0.926 0.552 0.425
1.4 1.590 1.136 1.245 0.889 0.567 0.405
1.5 1.623 1.082 1.282 0.854 0.579 0.386
1.6 1.653 1.033 1.316 0.822 0.591 0.369
1.7 1.680 0.988 1.347 0.792 0.602 0.354
1.8 1.705 0.947 1.377 0.765 0.612 0.340
1.9 1.728 0.909 1.405 0.739 0.621 0.326
2 1.748 0.874 1.430 0.715 0.629 0.314
2.1 1.767 0.841 1.454 0.692 0.637 0.303
2.2 1.785 0.811 1.477 0.671 0.644 0.292
2.3 1.801 0.783 1.498 0.651 0.650 0.282
2.4 1.816 0.756 1.518 0.632 0.656 0.273
2.5 1.829 0.731 1.537 0.614 0.662 0.265
2.6 1.842 0.708 1.554 0.597 0.667 0.256
2.7 1.854 0.686 1.571 0.581 0.672 0.249
2.8 1.865 0.666 1.587 0.566 0.677 0.241
2.9 1.875 0.646 1.602 0.552 0.681 0.235
3 1.885 0.628 1.616 0.538 0.685 0.228

*See Table 2.1.27 for tile number of storage cells (n) in each region for the specific MPC type
listed.

1 Under SCS mandatory conditions evaluated in Ill-TRAC operations Section 4.5. the storage cell heat loads
tabulated herein are limited by the heat load reduction factor defined in Table 4.5.4.
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Table 2.2.1

DESIGN PRESSURES

Pressure Location Condition Pressure (psig)

MPC Internal Pressure Normal 100

Off-Normal/Short-l'ermr 110

Accident 200

MPC External Pressure Normal (0) Ambient

Off-Normal (0) Ambient

Accident 60

Overpack External Pressure Normal (0) Ambient

Off-Normal (0) Ambient

10 (differential pressure for
I second maximum)*

Accident or
5 (differential pressure
steady state)

HI-TRAC Water Jacket Normal 60

Off-normal 60

N/A
(Under accident

Accident conditions, the water jacket
is assumed to have lost all
water thru the pressure
relief valves)

* The overpack is also qualified to sustain without tip-over a lateral impulse load of 60 psi (differential pressure for

85 milliseconds maximum) [3.4.5].
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Table 2.2.2

ENVIRONMENTAL TEMPERATURES

Condition Temperature (°F) Comments

H I-STORM 100 Overpack

Normal Ambient
(Bounding Annual 80
Average)

Normal Soil
Temperature 77
(Bounding Annual
Average)

Off-Normal Ambient -40'F with no insolation
(3-Day Average) -40 and 100

100°F with insolation

Extreme Accident 125TF with insolation starting at
Level 125 steady-state off-normal high
Average) environment temperature

HI-TRAC Transfer Cask

Annuial AveiragC)
Inside Building Short 11090 11 0F with no insolation
Term Operations (3-
Dav' Average)

Outside Building Short
Term Operations (3- 90 90°F with insolation
Day Average)

Note:

I Handling operations with the loaded HI-STORM overpack and HI-TRAC transfer cask are
limited to working area ambient temperatures greater than or equal to 00 F as specified in
Subsection 2.2.1.2.
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Appendix 2.C

The Supplemental Cooling System

2.C.1 Purpose

The Supplemental Cooling System (SCS) will be utilized, as necessary, to maintain the peak fuel
cladding temperature below the limit set forth in Chapter 2 of the FSAR during normal short-
term operations (as defined in Section 2.2)

2.C.2 General Description and Requirements

The SCS is a system for cooling the MPC inside the HI-TRAC transfer cask during on-site
transport. During normal SCS operation, heat is removed by a coolant fi'om the HI-TRAC
annulus and rejected to the heat sink (ambient air). The SCS shall be designed to meet the
following criteria:

(i) If the system uses water as the coolant, the system is sized to limit the coolant
temperature to below 1 80'F uinder steady-state conditions for the design basis heat
load at an ambient air temperature of 1010F. Active components (i.e., pump or air-
cooler fan) are powered by electric motors with a backup power supply for
uninterrupted operation.

(ii) The system will utilize a contamination-free fluid medium in contact with the external
surfaces of the MPC and inside surfaces of the HI -TRAC transfer cask to minimize
corrosion. Figure 2.C.1 shows a typical P&ID for a SCS.

(iii) The number of active components in the SCS will be minimized.

(iv) All passive components such as tubular heat exchangers, manually operated valves
and fittings shall be designed to applicable standards (TEMA, ANSI).

2.C.3 Thermal/Hydraulic Design Criteria

(i) The heat dissipation capacity of the SCS shall be equal to or greater than the
minimum necessary to ensure that the peak cladding temperature of High-Bunrup fuel
assemblies is below the ISG-I 1, Rev. 3 limit of 400TC (752°F). All heat transfer
surfaces in any heat exchangers shall be assumed to be fouled to the maximum limits
specified in a widely used heat exchange equipment standard such as the Standards of
Tubular Exchanger Manufacturers Association.

(ii) The coolant utilized to extract heat from the MPC shall be either high purity water or
air. Anti-freeze may be used to prevent water from freezing if warranted by operating
conditions.
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4.5 THERMAL EVALUATION OF SHORT TERM OPERATIONS

Prior to placement in a HI-STORM overpack, an MPC must be loaded with fuel, outfitted with
closures, dewatered, dried, backfilled with helium and transported to the HI-STORM module. In the
unlikely event that the fuel needs to be returned to the spent fuel pool, these steps must be performed
in reverse. Finally, if required, transfer of a loaded MPC between HI-STORM overpacks or between
a HI-STAR transport overpack and a HI-STORM storage overpack must be carried out in an
assuredly safe manner. All of the above operations, henceforth referred to as "short term operations",
are short duration events that would likely occur no more than once or twice for an individual MPC.

The device central to all of the above operations is the HI-TRAC transfer cask that, as stated in
Chapter I, is available in two anatomically similar weight ratings (100- and 125-ton). Two different
versions of the 100 ton and the 125 ton HI-TRAC, the classical version and the version D, are
available for use during fuel transfer operations. The HI-TRAC transfer cask is a short-term host for
the MPC; therefore it is necessary to establish that, during all thermally challenging operation events
involving either the 100-ton or 125-ton versions of the HI-TRAC, the permissible temperature limits
presented in Section 4.3 are not exceeded. The following discrete thermal scenarios, all of short
duration, involving the HI-TRAC transfer cask, have been identified as warranting thermal analysis.

i. Post-Loading Wet Transfer Operations
ii. MPC Cavity Vacuum Drying
iii. Normal Onsite Transport in a Vertical Orientation
iv. MPC Cooldown and Reflood for Unloading Operations

Onsite transport of the MPC occurs with the HI-TRAC in the vertical orientation, which preserves
the thermosiphon action within the MPC. To avoid excessive temperatures, transport with the HI-
TRAC in the horizontal condition is generally not permitted. However, it is recognized that an
occasional downending of a HI-TRAC may become necessary to clear an obstruction such as a low
egress bay door opening. In such a case the operational imperative for HI-TRAC downending must
be ascertained and the permissible duration of horizontal configuration must be established on a site-
specific basis and compliance with the thermal limits of ISG-1 1 [4.1.4] must be demonstrated as a
part of the site-specific safety evaluation.

The fuel handling operations listed above place a certain level of constraint on the dissipation of heat
from the MPC relative to the normal storage condition. Consequently, for some scenarios, it is
necessary to provide additional cooling when decay heat loads are such that k-*-short-term cladding
temperature limits would be exceeded. For such situations, the Supplemental Cooling System (SCS)
is required to provide additional cooling during short term operations. The SCS is required by the
CoC for any MPC c.n n. .r more fuel a ms; ith high burmup or when the MPC heat
load is such that lenigshort-term cladding temperature limits would be exceeded. The specific design
of an SCS must accord with site-specific needs and resources, including the availability of plant
utilities. However, a set of specifications to ensure that the performiance objectives of the SCS are
satisfied by plant-specific designs are set forth in Appendix 2.C.
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4.5.1 HI-TRAC Thermal Model

The HI-TRAC transfer cask is used to load and unload the HI-STORM concrete storage overpack,
including onsite transport of the MPCs from the loading facility to an ISFSI pad. Section views of
the HI-TRAC have been presented in Chapter I. Within a loaded HI-TRAC, heat generated in the
MPC is transported from the contained fuel assemblies to the MPC in the manner described in
Section 4.4shel thr ...u.gh the fue.l basket and the basket to shll, gaps.; via .ondu.tio. and ther-mal
;ad4iation. From the outer surface of the MPC to the ambient air, heat is transported byacombination
of conduction, thermal radiation and natural convection. Anal•t5ial modeling details of all tile
var-ious thermal translport mechaniSmIS fre- proEVided ill thle fo0N'l lgwin subectio For evaluation of the
thermal state of a loaded canister during all short-term operations, the three dimensional (3[))
thermal model of the MPC described in Section 4.4 is utilized.

All FLUENT thermal analyses to establish margins of safety are carried out for the MPC model that
yields the highest peak cladding temperature and M%1C cavity pressure under the long term storage
condition. The above criterion identifies MPC-32 uinder regionalized fuel loading with X = 0.5 and
X=3 as the governing cases.

Two HI-TRAC transfer cask. designs, namely, the 125-ton and the 100-ton versions, are developed
for onsite handling and transport. as discussed in Chapter 1. The two designs are principally different
in terms of lead thickness and the thickness and number of' the heat dissipating ribs (radial

connectors) in the water jacket region. The aggregate heat dissipation by the ribs is defined by the
product of the number of radial ribs, N and thickness, tr. The numerical model developed for I I-
TIRAC thermal characterization conservatively accounts for these differences by applying the higher
lead thickness and constructing the water jacket region having the lowest product of N and t,. In this
manner, the HI-TRAC thru-wall resistance to heat transfer is overestimated, yielding higher MPC
internal and fuel cladding temperatures.

Transport of heat within Hl-TRAC occurs through multiple concentric layers of' air, steel and
shielding materials. A small gap exists between the outer surface of the M/IPC and the inner surface of
the HI-TRAC overpack. Heat is transported across this gap by the parallel mechanisms of natural
convection, conduction and thermal radiation. Assuming that the MPC is centered and does not
contact the transfer cask walls conservatively minimizes heat transport across this gap. Heat is
transported through the cylindrical wall of the HI-TRAC transfer cask by conduction through
successive layers of steel, lead, and steel. A water jacket, which provides neutron shielding for the
HI-TriAC transfer cask, surrounds the cylindrical steel wall. The water jacket is essentially an array
of carbon steel radial ribs with welded, connecting enclosure plates. Heat is dissipated by conduction
and natural convection in the water cavities and by' conduction in the radial ribs. Heat is passively
rejected to the ambient from the outer surface of the HI-TRAC transfer cask by natural convection
and thermal radiation.

The HI-TRAC transfer cask thermal analysis is based on a 3D FLUENT model that incorporates
several conservative features, namely:
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i.A constant solar flux is assumed withf maximum perm issible heat load and asymptotic steady
state conditions to yield the most adverse temperature field in the cask, A theoreticalh.!
bounding solar absorbtivity of' 1.0 is applied to all exposed surfaces.

ii. Air motion in the I lI-TRAC annulus is explicitly modeled. The MPC. is assumed to be
concentrically aligned with the cask cavity and the annulus is filled with air.

iii. Although the H-1'-TRAC transfer cask baseplate is in contact with supporting surlaces. Ibr
conservatism, an insu latcd boundary condition is applied to the I ll-TRAC baseplate.

iv. The HI-TRAC transfer cask fluid columns in the water jacket and the open air volume above

the MIPC are conservatively assumed to remain in the laminar flow regime.

v. The Ill-TRAC transfer cask/ MPC annular gap shrinks under heat up to operating
temperatures. '[he enhancement of heat transfer due to the gap reduction is conservatively
neglected.

vi. Buoyancy driven motion of air above the MPC is included in the thermal model.

vii. Radiation heat transfer is simulated by the more robust Discrete Ordinates ([DO) model
deployed in the I []-STAR 180 (Docket 71-9325) and [Il-STORM FW (72-1032) in lien of
the DTRM model.

viii. The rodded zone, which contains the spent fuel assemblies, is modeled as a homnogIeneous
porous media using the flow resistance properties based on extensive Ct-D simulations
[4.4.2] performed in the Ill-STORM 100 docket and used in subsequent safety evaluations in
both HII-STORM I00(Docket 72-1014) and H I-STORM FW dockets (Docket 72-1032). A
recent experimental work by the Sandia National I.aboratory (SN L), however, indicates that
the axial flow resistance in the PWR fuel may be somewhat greater [4.5. 1]. kven AlthougLh
the QA pFroVenance of the SN..work is not et .lear and a regulator .appr.aisal of.the ver.aity
eofhe-SNL experimental data is not yet published by the NRC as of this writing (April 05,
2013). in the interest of conservatism, the higher flow resistance, l x 0I in2 i'or all three
zones of fuel assembly, indicated by their work has been used in all of the thermal
simulations for HI-TRAC. [4.5.1]

The computational fluid dynamics model ofthe HIl-TRAC transfer cask capturies all essential details
of the cask body including the radial ribs, lead, steel shells and the water jacket. Figures 4.5.1 show
the discretization of the cask and its enclosed MPC for FLUENT implementation.
All 1=I1 TRAC trans..r cask designs, a. e developed for onsite handlii`;g and transport, a-, dieL...ss. in
Chapter 1. The designs are principally diff.erent in terms of lead thickness and the thies.ness of radial
cnnflecors in the water jaciket region.. The analytical .. odel developed . .. r HI TRAC thel......
characterization conservatively accounts for these diffierens•es by applying the higher' shell and lead
thicknesses, lowest n1:m1ber of -ad ial connecOtorS, and thinner radial connectors' thickness to the
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illoel. n tismalev.theW 1-4AGoveraek esitaneto oAtrmisti* ated. resuiitinge
in higheir predicted NI PC; initernmal and !fuel eladding temlper-ature leve;s!

F I,, i i zf ti XA DI s ti, 1 J1-t !%1 , - ý k.-~t i im .i..p L 1 *TD A (

across a total of... Si co.cenr.. .. represni the ai gap.. the HI TRAC iner shell, the lead
Shi-ldi n . tile !1 TRAC ter-shellr jacke aid the enclosure she-. -. ll om the surface of tile
enclosre shell! heat is Fe•jected to tie atim.osphie.. e by natural conve.tion and radiation.

Asmall di~ametral air- gap exists betwAeen the outer- su:'Iiacc of the Ni PC land thle inner- smltir 017..Jthe
I-4l TRAC overipack. Heat i5 tr-anspgorted acr-oss thiS gap) by thle parallel mehaiss f oductionl
.and. ther-mal adti.Asu ethat the MIPG i'S Centered aid does not con1tact thle tran!sfer over1pack

Noulid mini 6-1- th- gap !s conlservati vely negiected. H-eat ks transportied thr-ough the cyl indrical wall1
of the AiI TRAC tr-ansfeDr ovrpack by conduction thr-ough successive layers of steel., lead and steel. A

.ate jaket,. which provides ... euFtrc Tii i I-' ofo the 1-Il TRA' overpack. Surr.on..ds', the c;lindrical
Steel wall.41 Theiwter jaCket iS copo ed farbon teiel cannels with wel.ded, cnecfietintg encelosure

pte. Conduction heat tr-anskw oeccurs thrIoucgh bo th thle w~atel* cavIities and thle- channlWs. While the(-
.. ater jacket. .channels ..re sufciently large ;.r nat.al con.vection loops to .. Fm, this mechanism is
coniseratively neglected. 1,, ,t is passively -e. .. teA to the ambient f-om thle ou.ter. surface of the I. .
TRAC transfe o...p... by -att+a4-eed-on-...dthev.at-fa4iat-ieon

lin the ver-tical position. the bottomlr iice of the HI TIRAC, is in contact with a suprin 1ufce. This
face is, conservatively Modeled as an insulated surfacee. Because- the HI1 TRAG is not used fiar long
+~- .... ste-rage inl .. .... -Iotdiaive Iblee.-I, g ..... not ... ie.... t-o. be ...... 1...; i .. . The WP•Ll T-PAG topl. idA iS

modeled as a surface with convectioni, r-adiative heat exc hange with air- mid a consitantmamu
incident solar- heat 14uh load. hIsolation on cylindr-ical surfaces" is csevtively based onl 12 hour
levels prescribed inl IOCFR7 I averaged on a 24 hour basis. Conis d~escriptions OftheS@ mFodels are-
gi-ei, below.

41.5. 1. 1. i Effýective Thermfal ConductiVity fWtrJce

The classical version WI TRAC water- jackets ar-e composed of an arr-ay of r-adial ribs equispaced
alone the c-ircum~f-eren 0f4hW HI1 TRAC and welded alonig their lengthi to the HI TR.AC outer shlell.
... closu, e plates, are welded to the-se ribs, creating an array of.water. compartments. The ver.sion D
1W1 TRAC water jackets also have aii ar..a' of radial r .ibs conn.ected to enclosur..e plates with all array
of plug- welds to form multiple compartmfenlts. Hol)es in the radial ribs conlnect all the in-dividual
comarments in the wvater jacket. Any combination of r-ib numiber anld thickiness that yielIds an equa

orlage attrnfer re i bone bye tecalculation. Thus. the annular iregien betwe*en the H.-
TRAC outer shell and thle enloeksure shell can be considered as an a!-ra) of steel r-ibs and water

s -paeeso1• A ". ... ;. t•, v{"k ... ,. . .. -. ;1. . .t~t.ll .. C
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The effeoc,.tive. rad.,ai thl 1.... a! con.ductivit; aof this ara•1.. of steel rib

eovalmin: ., tile heat tr esistae•.e ,, 'h i vidual ... p...i"
caicu iation is; a.:;:Aed by uising (he nli in inumf num11ber of ribs4 .Am
tholrmal condcuct iv il of the parallel steel ribs and water spaees

sand 4wateF spac-es; is determlli ned by
in a par-allel network. .A bud

d r.ib thliekncss' as input values. The
HS "i-eiq by. the f4l)o'.'.'ine formula:

KK N, t In K , N, t,. r. n ,o

K n I' i + i

2,7L, -7 LR

4ý,-e f cctie radial Ohermal cOnduc~tivity; o Water jacket
-inner radius of water spae

f,- Outr riad ius ofwtrspaces
K~-4he*~al-emIuct viv f carbonl steel ib

N.~~1 0 mmmm umerofraial r-ibs (equal to numiber- of water sp~aces)
- minImum~ (nominal) rib thickness (lower of' 125 ton and 100 ton designs)

L- effectiv@ radiali heat tranlSpert lenigth througA!h NYater space
th , e maloa

- water spac ' width ,be, ...... o . a.bon steel ribS)

Fiue 41.".1 depicts the reItc ne -)i -k to combine the resistanices to determline an eff~etiv
eeflil+Wtlvit\ el the +ntrace.te effecuve tnermal ceonucnvitc, is computed in the manner oTt tlt

forgoig.and is pro.ded im Table 41.5. 1.

'1.51.1. !eat Rejection fr-om Overpack Exterior- Surfaces

The f1oNNllowin relationshlip for' the surfac'ie heat flux~ fiOm the oue uraeoan isolated cask to thle
enivir-onment is applied to the thermal model:

=113 ( 4/3 O.7"4rT +460 4 (TA +460

100 100

T cask - .... i;s-rfce, temper-atu-es ('F)
-T1,,- ambient atmospheric temperature (... .)

- surface heat flu- (Btu/'ft-*-i)
sur..ce em'• issivity

The seond term1 in this equation the Stefian Boltzmann f.r.mula for- thI.efrmflal radiation fr0M an
exposed surface to ambient. The first teFrm is the natural eanveetion he~al tfaniisfi corrielationi
r-ecommended b,, Jacob anld Hawkins [41.2.9]. This correliation isI aprpiate kfo turbulent natural
conlvection from vrtical surfaces.. such as the vericmal overpack wall. ,Althouigh the ambient air is
ccnservativeiv assumed to be quiescent. the natural conivection is nevertheless turbuelent.
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Tur-buient niatural convecetion creesielationis are suitable t:r we- w.heni the pr-odilet of the Gr-ashof and
Prandtl (GrxPr) num.ber. s eI.ceeds 10". This produLIct .an b@ expressed as LxATx(Z. where L is the
char-acteristic length, AT'is the surfate to ambient temper-atur-e diffitbreiice. mid Z is a fuinctioni of the
sur.. e t•. . .ratus.e. The char-acteri.•tic lei..th of a vertically oriented H!l TR/AC is its height of
appi-eimatel y 1 7 feet. The value of Z, coniser-vativei' taken-Eat a surthociw tcmpe-rature of 440"P.. is
2.6,. ý. Solvine, 1 the valu. e ofAT that satis...es t•le equivalence I.-T 1 yields 'l-
0.782F. For a horizon'tally o..iented HI T.,rAr, (lhe c haracteristic length is; the diameter o1'

apPO~iatey 76 f~e (mnimmi f 10 aid125tel deign). ieding AT - 8.760 F. The natur1al
Conect illbe f~wdedtil s -ka -afff- e-Hlpe!ratmr ifeee (gis eaterf

than or.. equal to 0.78 for .,. a ve..tical orientation .. and 9.764 for a hor.iz.n.talorient

4l.5. .1.3 Determination .f.S.. lai. , !at i .nl.t

T-he- intensity of solarf radiationi incoident on an &ioe rufa~ee- Epe-peds on a number- of time varyifit
teI•.... A twelve hour. averaLed ins iti leve is . i...... eribed in 1 OCR .71 foi cur.ved s .ees. T;'e
HI1 TRAC cask, however:, possesses a conisidei table ther-mal iniertia. This large thermal iniertia
pr.c-ludes thie [II TRAC from reaching a steady state thermal condition ,.urin.a twelve hour period.
Thus, it is consider-ed :a p to..Se the -24 hour. averaged insolation le'ae-

4.5.2 Maximum Time Limit During Wet Transfer Operations

In accordance with NUREG-1 536, water inside the MPC cavity during wet transfer operations is not
permitted to boil. Consequently, uncontrolled pressures in the de-watering, purging, and recharging
system that may result from two-phase conditions are completely avoided. This requirement is
accomplished by imposing a limit on the maximum allowable time duration for fuel to be submerged
in water after a loaded HI-TRAC cask is removed from the pool and prior to the start of vacuum
drying operations.

Fuel loading operations are typically conducted with the HI-TRAC and the contents (water filled
MPC) submerged in pool water. Under these conditions, the HI-TRAC is essentially at the pool
water temperature. When the HI-TRAC transfer cask and the loaded MPC under water-flooded
conditions is removed from the pool, the water, fuel, MPC and HI-TRAC metal absorb the decay
heat emitted by the fuel assemblies. This results in a slow temperature rise of the HI-TRAC with
time, starting from an initial (pool water) temperature. The rate of temperature rise is limited by the
thermal inertia of the HI-TRAC system. To enable a bounding heat-up rate determination, the
following conservative assumptions are utilized:

Heat loss by natural convection and radiation from the exposed HI-TRAC surfaces to
ambient air is neglected (i.e., an adiabatic heat-LIp calculation is performed).

ii. Design maximum decay heat input from the loaded fuel assemblies is assumed.
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Tma.x = maximum MPC cavity water mass temperature
Ti= temperature of pool water supply to MPC

With the MPC cavity water temperature limited to I150°F, MPC inlet water maximum temperature
equal to 125°F and at the design basis maximum heat load, the water flow rate is determined to be
5210 lb/hr (10.5 gpm).

The user can determine the maximum allowed time limit for wet transfer or"time to boil limit" using
equations 4.5.2.1 and 4.5.2.2. and substituting the total MPC heat load for Q. The total MPC heat
load can be calculated by summing the individual, as-loaded, heat loads in all the storage cells.
Similarly, the user can determine Mw using equation 4.5.2.3 and substituting the as-loaded MPC heat
load for Q and the temperature of the pool water supply for Tin.

4.5.3 MPC Temperatures During Moisture Removal Operations

4.5.3.1 Vacuum Drying Operation

After leading S ;F into the MPG in a spent fuel pool the ..... I.ater within the •MPC must bee
drainled. This can be aecomplished usinlg either. nitroegeni or helium. After- dr-aining, the MPG1 is
dried, using either- vacauumn dr.ing. or. km...d helium dehydrnation, and .illed With helium . . , .St,"age.
For . . ..s containing m..derate burnuip ftel assemblies o.l.... drying may, be cried Out using the
eonvenitional vacuum drying apprcaech. in this method, renivm Ia of the last traces of residual moistur-e
firom the MSPG evtis accomplished by evacuatinig the NUI PG4o a sI oi-t time after dr-aininig the
MPGi~c. Vacu dryin may not be pefm o con OR i .... ,tainlin i n u aSSeffibli- ; .... on
NMPGs with a dleca, hie-at load above a threshold level (see Suibsection 1.5.5.2). 1 ligh burinup-or high
decay h fuel drying is per.fomed by a forc, ed flow helium drying process as descr.ibed inl Section
I.5.3.2 an.d Appendix 21•..

I .the va.uum drying me.thod is used, the heat dss a oncapability of te ister is progressivel.
w~dued as. the gas/vao itr is withdr-awn from the canister. ThereOfoe, the most adverse
thermal conditioni fej- thiea fu-eal cladding, is r-eached at the end of the vacuutm drying proceess when the
pi-essure in the canister- is at its mininmim.

Both helium and nitroen a.. i..... gases whose use during the blow doni op.r.tion pses. .o l.ion'
term risk to the inltegr~ity of. the fu~el eladdinlg [1. 1.5]. For long temf storage, hoiwevern this FSAR

Pioro, to )thest ofthe Mi4GC' drainiHg opeatin, both the 1 TRAG a...Ulus and the MNPG'are full of
.. ate. The presen1ce Of a•ter" in the MPG ensures that the fuel cladding tempe. atu... a-. Il...e. than
designi basis limits by' large m~argjins. As the heat generaiting active fuel lenigth is uncovered durlinig
the dr~aing oeain, the fuel and basket mas ,wil 1 undei-gE) a grFadLtIal ht~at UP from the initially eold
coniditions when the heated surfa@e-s were- subme-rged under water.
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The vacu..m 1ondition @f4fwtive f41el .,- ...... - . it,. isdeltel1imnd b:WL, rocedure.s... discussed

earlier (Sectioni 4.4) alL~eti-s@ c th hrmlcndciit fhe gaseotmismediumn to a small tractkon
(one pa.. t in El lne thou.Sand.) of..lum. .n. t. 0h, Mo'" basket cross sect-onal A...tx.ve
conduIctivity' iS de-terMinIEd forF vaCuum11 conditions uisin i t eeetpoedr.Bs

per-iphery to MiPG shell heat transl',ir occurPS thruhcoduction! and radiation

:!.5.3. !. Vacuum Drv-ina ,Mo1de

Ali axs'iimeth-ic- F LIUPT thermiall m.-.del f the MPG is constructed, employing the MPG in plane

conductivity asan isotropl .. , i .uelbasket co.ducti. it. (i.e. conductivity in. the basket .. adial mnd axial
dir-eetionsis equal). to determiniie pecak claddinig tmeaueat desigil basis hleat loads. TO avoid

.......... e .onservatism ii the computed F...U [...o...tion. for highe heat loads ..ar.ial e.e.•.it.o
fo3 higher axial heat dissipation is adopted ill thle peak "laddi-ig ea c-,iat:on 4+. The boundua.y•
conditions applied to this evalulation are:

. .A bounding steady state analysis is peribrmied with the total MPC decay heat lead set
equial to) the largest d.a-hatlad for1 Which Vac~buum dryingiseritted, With !Ihe
hie-at load equlally distr-ibuted in thle cells.4 As ddisc-ussed below. therev are two different
total heat load sceelar-io:! anlalyixed fora the %NIPG 24 mid MPG 68 desiigns.

ii. The c.ndutivit. of'thc- gas iln the •MPG- open spaces is -,ro+. s. l understated.

iii. The outer. su......e of thle MP shell is postulated to be at a bounding, maximum
temperature- of either- 2-i20 F or 1 252F. as discusIsed blw

iv. The tov, and bottom surfaces of tile MPIG atre adiabatic.

Ropl-4,; Af4-,ApI-1x1 -ARdisipw) AnAb.,c.&-q Avk- provided inl Su~bsectioni 4,5.5.217

4 .5.3.1I.2 'Vacuum I-ynt ithout Asmii Flukshing

For MIPG total decay heat loads tip to those listed in the table below. vacuum drying of the M4PG is
performed with the annular. gap between the- MPG and the HI T AGP filled with wa•ter; i.e. amInlusS

.ushing is..... u..red. The presence of water in this anlar gap will maintain the MPG. shell
tempratue aproxmately equal to the satur'ation temperature of the water in the annulus. The

thermal. anialysis ..f.th...PG durinhg vacuumll drying f... these c......nditions.. iS perFore with.. cooling... oI...f"

the MPG shell with .ater at a boundin H.n...... .. tem.perate o232'F and with the heat loads in
each cell as indicated in the table below.

-ý lhke par-tiekl eepitiel kwr highep axial hetit dossipatkol is eenidenr"J lbi- stad', state analýysis de- kaotium

.!d! Wahlc'1.5 5 not i C-neiieltd4t-
tile at e; .... N.I.. , ith a heat load ..... or i. ... i ..... 23 kW
is limit~ed to ,10 ho-'rs.
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i I I l
J. 5.3. 1 .3 \'acWlIM LDr',inle With F~nlu -Ii'Shiiil

icr .,r, d d!..;M Fk tie ~ !!Vat .. fo te ..... l. .t t t... te.u toD• Ek ta.te v -lo T, Y at'm f 1 . • ........) me +Nl !,CS .. lizu t . E,
performned Aith the annuwlar- gap between the NMPG an the 14!l TRAG conitinuo)usly hPushled wvith
wateir The .. ater, m-o-vement in this ann;. lar gap will maintain thle N"12C shell tpIeratre t I .aboutth.e.
-ff-pe o•- -o,"............. rhe th..... analysis of the MPG during v'ae+ !11 d"'i" ... !r these

~e+~444n-"mmiies thle water- is eeolkin of the MPG1 ,he!!I at a boutmd~in,;maiu tc~~-teor
125 17 a n1d with thle hie-at loads in each •.•1 as indeitcd in the table below. isers ,nut .... e .,ha•.
water e.xiting the- annulu:• ; ,ap is maintained at or- below 125 '.,

.4 .,('- N....4 0 A-S u .ed Heat L.oad in individual . ells Hea"t 4 ad per WC P"r Vacumln

i.lP'32 4457 2,7ý4'
N4C !1'68 9,444 2-9ý,4`

.7PC 2 29-4
- A .aCUu.... -IFr,;'if time- limh.it Of 40 hours is imposed for. an MIP- with an aggr.egate hie-at load
....... than. 23 ... L" W.

These ajlues are the produt of'the heat load per individual cell and the number o cells. in the
N'P(C consistent with the thermial a.. al.sis. e.hni.al Spe"ifi'ation;s li...it Vacuum d""in2 of
.. PG 68 and MPG...t.......ha .la ..o exceeding 26 LW.

The initial loading oISNF- in the MPG requires that the water within the MPC be drained, fuel dried
and the water replaced with helium. Vacuum drvin- of fuel is conducted by evacuating the MPC
after completion of MPC draining operation. For MPCs containing Moderate Burnup Fuel (MBF)
assemblies only, this operation may be carried out using the vacuum drying method up to the
threshold heat loads defined in Table 4.5.1. In this Table threshold heat loads QI and Q2 are defined
wherein Q I is the threshold heat load for vacuum drying operations without time limits and Q2 is the
threshold heat load for time-limited vacuum drying. The requirements and limits tbr moisture
removal are provided in LCO 3.1I.[ and are specific to the amendment to which the HIf-STORM 100
System is being loaded.

Vacuum drying ofMPCs containing High Burnup Fuel (HBF) is not permitted. I ligh burnup fuel
drying must be conducted by using a forced helium drying (FHD) process as discussed in Section
4.5.3.2. To minimize fuel temperatures during vacuum drying operations the H [-TRAC annulus must
be water filled.
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A 3-D FLUENT thermal model of the MPC is constructed in the same manner as described in
Section 4.4. T[he principal input to this model is the eflective conductivity of fuel under vacuum
drying operations. To reasonably bound vacuumL diVing opte"ations the effective cond uctivity of fuel
is computed assuming the MPC is filled with water vapor at a very low pressure (1 torr) tbr the entire
duration of vacuum drvin-• 2 . The methodology for computing the effective conductivity is aiven in
Section 4.4.1. To ensure a conservative evaluation the thermal model is incorporated with the
follow6.ing assumptions:

i. Threshold heat load Q I.c defined in Table 4.5.1 , is assumed and steady-state condition
reached Linder Q I results in vaclUuLm drying without time limits.

ii. Threshold heat load Q2. defined in Table 4.5. I, is assumed and a transient calculation
is performed to determine the permissible vacuunm drying time under Q2. The
transient calculation is started assuming the MPC has reached 212"F boiling
temperature in the operational step preceding vacuum drying (i.e. water blow down
operations). T'he vacuum drying clock starts when the MPC is drained.

iii. The external surfacC of the MPC shell is postulated to vary linearly firom 100C
(21 2"F) normal boiling temperature of water at the top to I I 'C (231'F) elevated
pressure boiling temperature at the bottom to account for the hydrostatic head.

iv. The bottom surface of the MPC is insulated.
v. MPC internal convection heat transfer is su ppressed.
vi. Top surthce of the MPC is in communicative contact with air. Natural convection and

radiation cooling fironi the MIPC top is included in the thermal model.

The principle objective of the vacuum drying analysis is to ensure that fuel temperatures are below
ISG-I I, Rev. 3 temperature limits (See [able 4.3.1). Under threshold heat load Q I the results and
margins are tabulated in Table 4.5.5. Under the time limited threshold heat load Q2 the peak
cladding temperature plot is shown in Figure 4.5.2. The results under the scenarios QI and Q2 (wvith
appropriate time limit) show that ISG- 11, Rev. 3 limits are met with ample margins.

4.5.3.2 Forced Helium Dehydration

To dry the MPC cavity using a Forced Helium Dehydration (FHD) system, a conventional, closed
loop dehumidification system consisting of a condenser, a demoisturizer, a compressor, and a pre-
heater is utilized to extract moisture from the MPC cavity through repeated displacement of its
contained helium, accompanied by vigorous flow turbulation. A vapor pressure of 3 torr or less is
assured by verifying that the helium temperature exiting the demoisturizer is maintained at or below
the psychrometric threshold of21TF for a minimum of 30 minutes. See Appendix 2.B for detailed
discussion of the design criteria and operation of the FHD system.

2 This is very conservative as the MPC pressure is progressively lowered below ambient pressure to fIacilitate moisture
removal. Near the end of the vacuum drying operation the pressure is substantially lowered to approximately I torr to
facilitate the 30-minute 3-torr vacuum rebound test lbllowed by backlilling of the MPC with helium.
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[I-HL) can be uised oli anN' MPGJ~ but is iretluiired ander- ceritain conditions; it; ndieate-E in the 16toIw'.iin
tabl.

i

@'011,,-ui+;.i.. r-,.e4 ;i N11G, MN,41,C Ileat LoFd R El ..... 4ied

R F= 2 7.7 7 (MPC pc2)
< 28A 7 (NPC21 4 )

All M1312 27.77 (MPC 2.1)
>28.17 NMPC 2,1E)
> 26 (MPC 32/6)

"3"1 7-1 /,AI)(- 1.I

rA E111fdliatOnl ofthe a:; loaded heat Ioads in the inidiVidufli 401ia'-e ee4S
'11all be011mpared 1o th0S1is limit.

**' See TIables 4.5.7 and'..5.8 14r hea. lead in ea. h stOai-ae location whic-,
supp,,.ts the total ,PC• heat load.

The FHD system provides concurrent fuel cooling during the moisture removal process through
forced convective heat transfer. The attendant forced convection-aided heat transfer occurring during
operation of the FHD system ensures that the fuel cladding temperature will remain below the
applicable peak cladding temperature limit for normal conditions of storage, which is well below the
high butrnup cladding temperature limit 7520F (400TC) for all combinations of SNF type, burnup,
decay heat, and cooling time. Because the FHD operation induces a state of forced convection heat
transfer in the MPC, (in contrast to the quiescent mode of natural convection in long term storage), it
is readily concluded that the peak fuel cladding temperature under the latter condition will be greater
than that during the FHD operation phase. In the event that the FHD system malfunctions, the forced
convection state will degenerate to natural convection, which corresponds to the conditions of
normal onsite transport. As a result, the peak fuel cladding temperatures will approximate the values
reached during normal onsite transport as described elsewhere in this chapter.

4.5.4 Cask Cooldown and Reflood Analysis Durino Fuel Unloading Operation

NUREG-1536 requires an evaluation of cask cooldown and reflood procedures to support fuel
unloading from a dry condition. Past industry experience generally supports cooldown of cask
internals and fuel from hot storage conditions by direct water quenching. Direct MPC cooldown is
effectuated by introducing water through the lid drain line. From the drain line, water enters the MPC
cavity near the MPC baseplate. Steam produced during the direct quenching process will be vented
from the MPC cavity through the lid vent port. To maximize venting capacity, both vent port RVOA
connections must remain open for the duration of the fuel unloading operations. As direct water
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quenching of hot fuel results in steam generation, it is necessary to limit the rate of water addition to
avoid MPC overpressurization. For example, steam flow calculations using bounding assumptions
(100% steam production and MPC at design pressure) show that the MPC is adequately protected
upto a reflood rate of 3715 lb/hr. Limiting the water reflood rate to this amount or less would
prevent exceeding the MPC design pressure.

During direct reflood operations the l'uel cladding is subject to high temperature gradients and
concomitant thermal stresses." lie integrity o1 F'ucl under direct quenching is evaluated in a generic
manner in the Ill-STORM FW SAR (Docket No. 72-1032'. Ref. [4.5.2]). To define a bounding
scenario at time t = 0 sec, a uniformly bounding temperature throughout the enti re fuel rod is set at
752°F (400'C), which is the temperature limit of fuel cladding. At time t = 0.1 sec, a reasonably
bounding 80'F quench water temperature i s assi gned to the lower hal f of the fuel rod to si mul ate a
thermal shock with a Iarge step change i n the cl adding temperature. The resul ti ng transient stress and
strain distributions in the fuel rod are evaluated with finite element ANSYS models. The results
show that the maximum stress and strain values remain within the elastic range and remain well
within fai lure strain l i mit (a factor of 6 against f ail ure strain). This safety anal ysi s documented in the
Sect ion 3.4.4.1.11 of H I -STORM FW FSA R provi des the assurance that the M PC refl ood event will
not cause a breach of fuel cl addi ng.

4.5.5 Maxi muI i Temperatures under Onsite Transport Cond itions•m!aandator"' Li t4., tbr Short

I"4.5.5.1 HI-TRAC Transportin a. Vertical 0rt.....(.)utside of Fuel Ioading .Building

The :equirements and limits a..e listed in the following table:

Geondiie. Futel in-MPG MPG Heat Lead SGS Requii-ed

-1t AllM7RP < 28.74 NO

All M-BF -28.74

m4pW
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* TIhie hi ;ghi t.mpe,•-re• -es .r .reahe .... r .1 ndit;.n i U,.dr the ot.h'er

conlditionls thle m1andator, Else of the Supplemental CongSysteim,-&i"e
to extr-act 36.9 kW froam the MAP.G. ;.ill lower the fuel temperaturevS
si,• nificantly assu ring 1S 11. Rev. 3 compliance with large margins.

: See Tables 4.5.7 and 4.5.- tib heat lead in each storage location w.hich
Supports the total MPG heat load.

Condition 2 man.date the LSe O 'the SC'S at heat loa .. ea.er than 28.71 kW torrMBfr This w,'ill
assur-e that claddinetm p-au Imt- 1re met at these hkiher- heat leads. See Appendix 2.c- tbrl the
SGS r-equirements.

it I s reoonfi zed that.. due- to incr-eased therm wiesPlx01 aeti(ffn thle temperlfature ini thle MPGudei 7
atmospheres internal p31essII:e (required for" heat loads > 28.74 kW) will be lower than that for thle
ecnservative 5 atmospheres case on which Condition I is based. Theefore, there is an addition"al
implicit" margi in the fuel cladding te...peratures, incor.por-ated il the ShOrios ,f.r heat
loads '- 28.74 ON'.

An a,,;,i, etric FLUENTT themial model of an M-PG- inside a I-.[ TRAC t..an.sfer cask was
developed to e Waluat temperatu-re distr-ibuti ons fom onsite transport con iditi ons. A •oin. An " ... s "
state anas.i.s of.th Hi TRAC tr!a•nf eask has been performed using. the hottest MC,. tile highe'st
decay hea lo.ad Low whih. Scs is not required, and design basis insolation levels While the dur.ti.

ofonsie- transp)ort mfay be Shor1t enough to preclude the M-PG and Ill TRAC from obtaining a steady~
sate., a steady state analysis is conservative.

A- eeniverged temper-ature con)tour plo~t iS Provided in! Fic iire' 4.5.2. MaXimumHII fuel Clad tell! tiraiues
are listed ini Table 4.5.4, which also sumrie aximum calculated temperatur-e's in d~ifzrtpas
o-ftheIll! TRAC tr-ansfer cask and M4PG. AS, deScri bed in Subsectioni '.4..1 1, the FLU ENT calcu lated
peak temperatkure in Table1.5.4 is actuallythe pea. k pellet a whih bound. s thle
peak cladding temperature. We canservatively assume that the peak clad tatureis equal to thle

peak pellet centerline tempei'ature.

The maximum omu ted temperatures listed in Table I.5.41 a;e based n the IHI TRAC cask at the
maxiniu heat load that can be ha..dled in Hl TRAC without needing the Supplemental Coolin. g
System (see table above), passive 5' rejecting" heat by natra.• convection and radiation to a liot
ambient enviro'nment at 1 O0)0F in still air in a vertical orientation. In this orientation, there is apt to be
less metal to metal contact between the physioally distinct entitities, viz.. fuel., flel basket, M.PG
shell and HI TR.. cask. For- this reason, the gaps r.esistance be itwe these pa.s is higher than in a
ho..izontally oriented HI. TRA.. To. .bound gaps resistance, the........ parts ar'e postulated to be in a
ceantered configuration. MPG internal convection at a postulated low, cavity pressure. of 5 atm is

_inluded in the thermal mflodel. The peak cladding temperature computedu r

Ultimate Heat Sink (UHS) assumptions is 7-72oF which. is substantially lower than the teml! peratur.e.
liffl4-4r1g4I for moderate bu.nu.p fuel (MBF). Con..sequently, cladling integ-ityassuracei
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provided b.,' i.fge safety mar.gi.. . in (i cel. lf IrOO •) drig onsite t.a..... 4f anl Ni . P. con.i. ,,,
MN1F emplac"ed iof a HI T.RAC cask.

AU a defense in depth measure-, laddinlig integrity is demonstrated 14r a theor.etical boundin.
scenario+. For this scenario., all means of convective heat dissipation within the canister re neglected
ini addition to the bou.nding r .elative OV-n s.g . t . t ...... the.;l-..l, 7 ir ar i C,
O-VerpaCl aSSumpftion taed ar-lier for- the ver-tical orenaeei 744&f'u hat I.- fuel is centered ini

.......... . 7... ...... .... :n g;":•: .• w ÷.l., ,,..__x~ ~",,..•,, __." e! ,.•H r,,,•.

tiiC oas~kei cci is tne "a".111is center in tile vi 111f, Mfc n uev '. uc sc4erdi n•,.sie. ... ... S:1i, ... S cei1[lte ed ill .... ... 1

TRAC ever-pack to maimiecps thermal resistance. :Fil pe~ak. e~ clddill- tell!peratrIe compu11:ted forl
thi senaio(I0-252F) is belaw thle- shor-t term limit of' I 059'F.

ForF high burnup11 fuel HIF.how~ever,. thle max~imum:1 comlputed 41el cladd ing tell!PeraLture repe!rted inl
fable 41.5.4 is siglnificanmtly greater, than thle tempermmwe-l-imi4t- ol752.eF 1fr~HBF Consequently. it is
nieeessary' to) utilize- the ';' i bem at the beginning of this sectionl and in Appendix 2.G urn

onit, transfer oif an MIPG containing I 1312 emplaced in a HI1 TRAC transfer ceask. AS stated eaiir.
te-Nexat de-spig and operation of the SGS is necessar-ily site speeific. Thle- design is r-equired t

satisfythe specifications and operationall requliremfenltso 01AppenidiN 2.G toE ensurIIe comIpliance NNith
!So 11 [4.1 .4] temperFature limits.

,A 5 discuissed in Subsection 11.5.4. MPG fuelI unloadinig operationis ar-e pemtformed with thle- N'IPC
inid te ITRAG cak *-r hsoeation, a hieliumi cekiowný! System may be eneaedtothWeC via 1id .cs nerus anF atilres hpeliu oli~rfh ulmdN Ciiit&Wi leH

TRAG cask external surfaces dissipating, le-at to a11IS inl a manner in '....,h i-t.ie amibient i
access is net .estricted by bounding suIrF4?e4 Or lafrg. e • objýc•S ill tile ...ime-diate ; c6it.' .f thE

cask, thie temperaturseoredi '!'able 4,.5.4 NNill r1emaki bounidingA duin-jg fuel unloading-

The requirements of utilizing SCS system in the onsite transfer operation are listed in the Table
4.5.4. Condition 3 of Table 4.5.4 mandates the use of SCS for the M PC containing one or more HBF
above the threshold heat load. This will assure that cladding temperature limits are met at these
higher heat loads for HBF. See Appendix 2.C for the SCS requirements.

A 3-D FLUENT thermal model of an MPC inside a HI-TRAC transfer cask was constructed as
described in Subsection 4.5.1 to evaluate temperature distributions under onsite transport. In the
onsite transport mode, the annular region between the canister and the cask has air and the cask is
subject to heat input from insolation. The ambient temperature is assumed to be 90'F when HI-
TRAC is placed in the outdoor environment, correspond to the maximum] outdoor ambient
temperature specified in Table 2.2.2 under short term operations. Even though the duration ofonsite
transport is typically short enough to preclude the MPC and HI-TRAC from reaching steady-state. a
steady-state thennal analysis is conservatively performed. The results sumlmarized herein are when
steady state conditions have been reached.
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The safety analysis of the onsite transport scenario requires tile computaIion of the margins of safety
with respect to the peak fuel cladding teml)erature of moderate and high burnup fuel3'. M PC internal
pressure, Fuel basket metal temperature, hydraulic pressure in the waterjacket and the temperature o0
the HI-TRAC body parts.

The water in the water jacket surrounding the 1-1I-TRAC transfer cask body provides necessary
neutron shielding. During normal handling and onsite transport operations this shielding water is
contained within the water jacket at an elevated pressure. The water.jacket is equ ippecd with two
pressure relief devices to prevent overpressure.

The steady state analyses are First perlormed for the design basis heat load under the two extreme
allowable regionalized storage scenarios (Q = 36.9 kW, X = 0.5 and Q - 30.17 kW, X - 3 in MPC-
3,2), which are the maximum permissible heat load allowed to be stored in I II-STORM system
defined in the Subsection 2.1.9.1. The computed fuel temperatures in this scenario remain belo\\ the
cladding temperature limit of moderate burnup fuel, but exceed the temperature limit of high burnuIp
fuel (']able 4.3. I). For both regionalized storage scenarios, the MiPC internal pressure. fulel basket
and the I.l1-TRAC parts temperatures are presented in Table 4.5.6. and their corresponding allowable
limits show positive margins of safety. As these are bounding steady state temperatures, the results
support onsite transport of fuel in the HI-TRAC without the aid of any supplemental cooling for
MIPC containing only moderate fuel burnup and cooling times up to the maximum design basis heat
load of the 1-11-STORM System.

The steady state analyses are then performed for the threshold heat load which requires SCS for
MPC containing HBF, which is defined in Table 4.5.4. In this scenario. the heat generation rate in
the MPC is reduced to 90% of maximum design basis rate. Under the two extreme allowable
regionalized storage scenarios (Q = 33.21 kW, X = 0.5 and Q = 27.15 kW. X = 3 in MPC-32), the
computed fuel temperatures remain below the cladding temperature limits of high and moderate
burnup fuel (Table 4.3.1 ). The M PC components, fuel basket and the HI-TRAC parts temperatures
are presented in Table 4.5.7, and their CorTesponding allowable limits show positive margins of
safety. Therefore, the results support onsite transport of fuel in the H1I-TRAC without the aid ofany
supplemental cooling for any fuel burniup and cooling times up to the 90t% of lmaximum design basis
heat load of the HI-STORM System.

4.5.5.2 Evaluation of HI-TRAC inside Fuel Loading Building

When HI-TRAC is located inside the fuel loading building, the ambient air temperature inside
building may be higher than the outdoor environment evaluated in Subsection 4.5.5. 1. It is assumed
that the ambient air temperature is 11 0"F and since it is inside the building. without-insolation is not
applied in this scenario, which is correspond to the maximum indoor air temperature specified in
Table 2.2.2 under short term operations. A steady state analysis is performed for the 90% of design
basis heat load under the regionalized storage scenario (Q = 27.15 k.W, X = 3 in MPC-32), which
results in the lowest PCT safetty margin for high burnup fuel. The peak cladding, fuel basket and the

3 "'hc cladding temperature limit for the high burn LIp fuel is more restrictive (See Table 4.3. ).
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1-1I-TRAC parts temperatures arc presented in Fable 4.5.8 and below their corresponding results for
outdoor environment presented in Table 4.5.7. Therefore. the environment condition of II 0"F and
without insolation is not the limiting condition.

1,5.5.. Moisture Removal Limits an,,- Reuirements

-V•clm Dryin'g (VD.') is 1;3er tted .B•," .. F .e.• ll tithemal C.nditin.s as des..ribed in
subsection 1. I1 Cth termal c.. n.dition.. a.e n10t m.et. OF i .the MPG.contain. any .. 131... then
a FHD system must4 be Used tarmoist~ire removal. The requiriiements, and limits feir moisturee
remival io l LCO .1 .. ad are specific to the amen.dment to whi. h the HII STORNI
100 System is being, lWaded.

ssatin betion '1.5.3. 1. above, an a-,.isvmets-ie FLUENT1 ther-mal moadel ofthe N--I. is
d-eveloped for the va.cuum .... dition. . .,oi- the MPC 24 k and PC- 32 designs. and 4oi the hiigher
he-at load r-anges in the NMPG 2] and NMPC 68 Edesi~gns. the model also includes an isotr-opic fuiel
basket ther-mal conductivity. Each M'PG is analyzed at the maxiiimum heat lead tbr which vacuinnl
drying is permitted. The steady state pea-!l,-et a'•--isi iesk ..ts, ,vih pailia ,ee.og.itiozi. .Fr higher

a .ialhea't dissipation .... d... -. t'--s-ummatiz.ed in Table i4.5.' .Repeak ......
teml+peratures tfo moder.ate u.n...p 4..el during short te.l,.m va. um. d, ,.ig . per.ations with design

basis ma...um.heat loads a.e calculated to be less than 05.F- 4.r all . C baskets by a
signicPant margin.

4.5.5.3 Evaluation of SCS Failure

Table 4.5.4 mandates the use ofthe SCS for M PC containing one or more HBF above the threshold
heat load to ensure fuel remains below the short-term operation temperature limits mandated by ISG-
I. Rev. 3. If the SCS fails during operation, an accident condition defined in Section 11.2, the
thermal state of the fuel would asymptotically approach steady state maximum conditions
corresponding to the coincident thermal payload in the 1-1I-TRAC transfer cask. The results of steady
state analysis are provided in Table 4.5.6 for the design basis heat load. It is shown that the fuel
remains well below the 1058"F ISG- 11. Rev. 3 accident limit.

4.5.5.4 Evaluation of SCS for Lower Backfill Pressure Limit

S limnited

gh palrtial I'eeegnition Ibi' highef wxial heat dissip
ider the flushing e0 nd~itie4and O rie4 ele44*n-d

HHOH S enside!red kwr sead5 state aniahsis tdurinc';aeu
+pei',w-es r-eported in Table 41.5.5., it iS n10t ercdited in
di,'ing 4fani MPG with a heat loa Irae than 23 VA',

Ito 40ihoki'.

Wet m:ieevueuR4
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As stated in Table 1.2.2. MPC is allowed to be backfilled with a lower pressure limit than that
specilied in Table 4.4.12. ifthe MPC heat load meets the threshold heat load requirement in Table
1.2.2. [he analyses that support the threshold heat load scenario and lower heliumn back.ill pressure
limits are reported in the Revision 6 oft -Il-STORM 100 FSAR. To evaluate the requirement ofSCS
systemn (Table 4.5.4) for the threshold heat load with lower backfill pressure limit, a steady state
analysis is performed for the bounding heat load scenario, i.e. MPC-32 with heat load of uniformi
28.74 k\V. under the ambient environment outside of fuel building. The computed lidel temperatures
in this scenario remain below the cladding temperature limit ofnlodcrate burnup lfuel, but exceed the
tempCerature limit of high burniip fuel (Table 4.3.1). The fuel basket and the 1I,1-TRAC parts
temperatures are presented in Table 4.5.9, and their corresponding allowable limits show positive
margins of' safety. As these are bounding steady state temperatures, the results support onsite
transport of fuel in the HIl-TRAC without the aid oftany supplemental cooling for MPC containing
only moderate fuel burnup and cooling timles up to the threshold heat load in Table 1.2.2.

The steady state analyses are then performed for 90% of threshold heat load, i.e. Q = 25.86 kW
uniform in MPC-32. the computed fuel temperatures remain below the cladding temperature limits
of' high and moderate burnup fuel (Table 4.3.1). The .MPC components, fuel basket and the HI-l-
TRAC parts temperatures are presented in Table 4.5.9, and their corresponding allowable limits
show positive margins of safety. Therefore, the results support onsite transport of high burnup fuel in
the H I-TRAC without the aid of any supplemental cooling !fo" any uile h.-1n-.,p and coohlig ti'meS up
to the 90%. of threshold heat load in Table 1 .22 2

4.5.5.5 Environmental Temperature Requirements

Short term operations involving the HI-TRAC transfer cask can be carried out on the basis ofthe
safety evaluation herein iftthe refi6rence ambient temperature (three day average around the cask) is
below the "Threshold Temperaturet" defined in Table 2.2.2 as I 10 deg. F for operations inside the
part 50 structural boundary and 90 deg. F outside of it. The deterlination of the Threshold
Tlemperature compliance shall be made based on the best available thermal data for the site.

If the reference ambient temperature exceeds the corresponding Threshold Temperature then a site
speci ic analysis using the methodology set down in Section 4.5 shall be performed using the actual
heat load and reference ambient temperature equal to the three day average to ensure that the steady
state peak fuel cladding temperature will remain below the F-S.AR-Table 2.2.3 limit. If the peak fuel
cladding temperature exceeds Table 2.2.3 limit then the use of a Supplemental Cooling System
(SCS) is mandatory.

A S..pplemental Cooling System (SS) is operated to) en.sur.....e f,,el ..e.mains below the short term
operation 1 teperature. limits mnt by ,SG -". Re5.. 3. lf1the SCS thiS durIng, .peat.. a.n,
accident conditioni defined iii Section I11.2, ta thermal state of the fulel would asYmptotically
approac-h steady' state miaximum conditions corriesponding to the coincidenit thermnal payload in the
11I TRAC transfer cask. To bound the the~rmal payload under all previously approved and currently
licensed heat loads two he-at load seenarios are defined below and steady stt naium filel
temperaturwes computed.

Page 26 of 70



ATTACHMENT 5 TO LETTER 5014750

Scenari .A: The .[:-'s a..e leaded to a m.aXiMu .. e!.mal payload of 28.74! k-W and
helium hack.l.lled to ensure a normal storage pressue 45 atm abso.lte.

Sceniario B, The %4PC's are loaded to a maximum thermnal payload of 36.9 LW and heliuHi
W, •k--e of 7 atm absotAule,

Ats an additional mneasure oF conser'vatism,. insolation heating~ of the HI I'RAGC N-ith a theE i e! eal
abso t . iv.it equal to 1 .0 and a hot abi..t•". temperaturle of 1 00F is assu...ed. The results . f.the
........,,,; provided be-low showthat the filel remains well below .he I. 1059F- lS• . Rev. .3 a .cident

Niaxi mum Claiddingt TeqiNi-eatu res
Scenario A: 872w-
S.en;ario- B • -g431g

4.5.6 Maximum Internal Pressure

After fuel loading and vacuum drying, but prior to installing the MPC closure ring, the MPC is
initially filled with helium. During handling and on-site transport operations in the I 11-TRAC transfer
cask, the gas temperature within the MPC rises to its maximum operating temperature as determined
by on the thermal analysis methodology described previously. In Table 4.5.6, the MPC internal
pressure co-incident with the %1PC temperature is reported and compared with the short term (off-
normal.) pressure limit specified in Table 2.2.1 to show compliance with design limitDuring handling
and On -Site transfer operations in the!!!l TRAC transfer c~aSk. thle gas temper-ature will eeorrespond to
the thermal conditions, within the MPG. Based on the caplculations dlescribed in Subsection '1.5.5.1
that yield conservativ~e tepraue. PG initernal pr-essur-e is deter-mined frnormal ansite

transort cnditions., as well! as off nor-mal conditions of a postulated accidental reFae of fsio
product , ases caused by f.,el rod rupt[re.a r! on R I 536 .] recommended fission gases
release. fraction data. n et fire ve1 ume and initial fill gas pressur-e. thle bounding maxiuga
ressu.es %.th 11% and 10,% rd rupture rle gien in Table '1.5.6. The NIPC gas pressur'es listed in

rable 4 ..5.6, based on a l...wer than p..escri.bed helium bac,, fill level, are all below the NP .o, design
inter ..nal pressure listed in Table 2.22 '.

As stated in Section 41.5.5.1,ý the gas temper~ature in the -%PG at an:, giv~ei heat load will be less than
that ceompu-!ted us;ing tile conserVative mo.del. descr.ibed in this Section which credits approXimately
300% less helium than that presribed. In accord.ance .w .ith the idealgas law, th .... pressure r .es.

direct pro)portionR to thle increase in the averace@ temperature of the NMPC cavity fi-om ambient
temp.'er.ature Lip to operating conditions. A lesse... r'ise in temperature (due .. , increased th e m. "ph-n
action .. nder actual helium... backIfill r.equir-em.ents) will resu.lt in a corr-esponding sm.aller 1 ise in gas

thEh'I, '.lithe thermlal naNIpad uider- Seenar~ia 1 is~ 'Isiflat"ectrtetmnrtr'aeuag beeause
IhO ine-Foased heat dissivali-On undrhe hifgher heliulm tAll pE~k@eu!re.
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pressue. An approeximate-ly 10%,1 iicrease ini the initiial gai presLsr based on actual backifill
q u i:'eae nts crn pa-ed t .anal.ed bakill q-ant itie:;. thereP•e,• is mitigated. b a.;mal ler !:'h;e in tile

go: pr~cure.Noting thiat the gas;piessm-e ii the anal'.'zed eond iiion (:;ec Tabl 1.5.4land di;cuio
inprcein aragraph) had over 100% mrn aisthe- analyzed m immprKible prezstre

(200 psig per Table 2.2. 1) the maximum pressanre in the N'PC '1.-t-aranted to" rmain below 200 psig
and ftl"ks the ph.sical inte"; -it" of the conin.ement bo..da.. -. is: ass-:ed.
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Table 4.5.1
'I"HRESFIOI.I) HEA'T L.,OADS 1t.Ok MOlSWRLJRE RI'MOVA[. OPERATIONS

Fuel lurnupThreshold Heat

Drying Method FUel BLrupioadNotI imie Limits

VacUUm Drying M BF Q I None

VaCuui Drying NIB F Ni lPC Heat l...oad > Q 1 Yes
and < Q2 (40 hrs)

FIlD MBF and/or I IBF 36.9 kW None

Note I: Threshold heat loads are defined below:
QO = 26 kW (lJnifo•m)
Q2 = 30 kW (Uniform)

EFFECTIVE ,RADiAL.THLRiAl, "ONIDUC"I"I"Y Oi"HE -TE JACKrT

Tn ip a Fit tur i(F) Theiiial •C iduefivieti•

-7 0 1i 4
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Table 4.5.4

I HRtLSHOLD I-IlEA LWOADS FOR SUI.,PPI_,EMENT COOLING SYSIEM REQUIRIMENT

Heat Load SSRqie

Condition* Fuel in MNPC Reduction Factor SCS Reied

All MBF 100% NO

One or MMore <90% NO
lI. BF

One or MMore YES
HBF

* The threshold heat load is obtained by multiply-ing the design basis heat

load per storage cell defined in Subsection 2.1.9.1 by the reduction factor
listed in this table.

Table 4.5.5

MAXIMUM FUEl.., TEMPERATURES UNDER VACUUM DRYING OPERATIONS

Threshold I [eat Temperature

Teoldte I Time Limit Temperature ("'F) litN Margin ()

Q1 None 1046 1058 12

Q2 40 hrs 1035 1058 23

Notes:
I) Threshold heat loads defined in Table 4.5.1.
2) Temperature limit of moderate burnup fuel shown. Vacuum drying of high burn-up fuel is

not permitted (See Subsection 4.5.3).
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Table 4.5.6

IIl-TRAC ONSITE TRANSFER- TEMPERATURE AND PRESSURE
FOR DESIGN BASIS HEAT LOAD

Maximu u m Temn pera tu res ("F)Comp~onentX=
X=0.5 X=3

Fuel Cladding 748 784

MPC Basket 745 779

Basket Peripheral Panels 612 567

MPC Shell 473 459

HI-TRAC Inner Shell 282 268

Radial Lead 279 266

1-11-TRAC Water Jacket 50 232
Shell

Axial Neutron ShieldNote1 280 279

Water Jacket Bulk Water 244 225
Pressure (psig) Note 2

Normal Condition 103.0 96.6

Note I :Maximnum section averaoe temperature.
Note 2: "The MPC pressuLre is computed under the maximum

backfill pressure spcci FIed in Table 4.4.12.
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T'able 4.5.7

HI-TRAC ONSITE TRANSFER- TEMPERATURE
FOR 90% OF DESIGN BASIS HEAT LOAD

Maximunm Temperaturs
Comii ponent

X=0.5

Fuel Cladding 702

MPC Basket 698

Basket Peripheral Panels 577

MPC: Shell 446

HIl-TRAC Inner Shell 268

Radial Lead 266

11 I-TRAC Water Jacket
Shell 239

Axial Neutron ShieldN',•t 2179

Water Jacket Bulk Water 234

CS (."FT)

X=3

734

729

53.4

437

257

253

223

266

217

Note 1: Maxim urn section average temperature.
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Table 4.5.8

t1I-TRAC ONSITE TRANSFER-TEMPERATURE
FOR I 10"F AMBIENT TEMPERATURE AND WITHOUT INSOLATION Nole I

Maximum Ile mperatures

C'om ponent ("F)

Fuel Claddling 730

M PC Basket 723

Basket Peripheral Panels 532

MPC Shell 430)

HI-TRAC Inner Shell 246

Radial Lead 244

l.II-TRAC Water .lacket Shell 216

Axial Neutron Shield fe-" 262

Water Jacket Bulk Water 210
Note 1: The results presented in this table are for 90% of

design basis heat load with X=3.
Note 2: Maximum section average temperature.
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Table 4.5.9

HI-TRAC ONSITE TRANSFER- TEMPERATURE
FOR TI IRESI tOLD HEAT LOAD AND LOWER BACKFILL PRESSURE IN TABLE 1.2.2

Maxin'm ulTe emperatures ("F)
Comnponent Threshold Heat 90% Threshold

Load Heat Load

Fuel Cladding 774 72 1

MPC Basket 768 716

Basket Peripheral Panels 558 527

MPC Shell 426 401

HI-TRAC Inner Shell 257 246

Radial Lead 253 244

HI-TRAC Water Jacket 228 219
Shell

Axial Neutron ShieldNole 255 250

Water Jacket Bulk Water 223 214

Note 1: Maximum section average temperature.
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TIop Ail- VOIlumle

IR -TRA(: Lid

Jacket
INIPC Lid

Fuel and Basket

Figure 4.5.1: 3D QUARTER SYMMETRIC THERMAL MODEL OF THE
HI-TRAC I"RANSFER CASK
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1200

1000

800 _

I.,a) 600
E,400 Peak Fuel CladdingE) Temperature

0-- -Peak Fuel Cladding
Temperature Limit (158 F

0
0 5 10 15 20 25 30 35 40

Time (hour)

Fiture 4.5.2: PEAK CLADDING TEMPERATURE CURVE UNDER VACLIMU DRYING
OPERATIONS AT THRESHOII) HEA. I..,OAI) Q2

Tabl -!.5."4

I 11LT-F12 AC TD AN!I2CIUF) r"' A T QV' QT ,A V• (, A ['

T~~,1~ A XiA A'rNfl I )F A ýT'I I T1I C.
Jvll Ii•IIVI•_JlVl l L..IYJl .ll• • I L;I%[-,O

Tenten Thper-aU-.,ME'

NA4A3**&Bake 4f

BaktPe i-ip4 ei-r 4-P)

.4,41C Outer. shell Surfacee-44

HI TRAG Innfer' Shell InnerF SrffaceW .3-24

Water Jaeket inner- SErtace -34-4

Efnclesm-e shell OLuter Simrfaee 2-24

SatIMSPOS Owe Serit..i in 'Appendix G. shall -)R " u'ed to comi' wihapieable tempeirAtue limits. w.hen an N4.2C2
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'A'atei- JacI8Žt 13 il W.'Xaiet

Al,' ti A TA1AIN:r' 1I'.'. Arfl'rA -' 1'I All' IT~ , ý , A ,' II TA4

(MO0DE'RAITlL 13URNIJIl 14.414 ONL-Y)

M PC .-oev Deeity Heat Lond 444ighieF eeny Heat Load

mP&6" -2-2 _______

_ _ _ _ _ _ _ _ _ _ _ _ 1 444

N4 PC24k I 94-2

8-
7
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Table 1.. 1ue leat Loatis in Th@rmilkknalysis f0r Oper-ational GonsiderFatin

,'lu mbe: o'f Fuel A ........

S0..ag. L ... ; n Ie.... D... .. TO . IMPGC Hea!
thle 2i,;2r and Ower -el]-l-I! Ld+.

N )CI-3I- 2-anid-2() 4-.P4 0,640 24J5.574
NI41PC 68/68 I.:'" a") lan...6 0=174 -5 22.
M-PC-2-4 44 - 4d--2- '-47- 070 4_
MPC 2'! E/2'EF 4*-*.-4-40 -1-40 0,900 2446
NOWe 1 Thic; patteflNrn al ana!5yZed and approEWLd in Amfenldmfent 1.
+Note 2: The inner- region for- N'lP 24,2 P/24 EV2l[ as it applies her-e ar-e cell nnumbei-s 9, 10. 1 5,
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System to cool the spent nuclear fuel within design temperature limits during and after fire is not
compromised.

(b) HI-TRAC Fire

The-a12~pt-abiitv of firie accide.t H!, TRAC .. ndition f.llowing a 50 gall. n fuel spill fir-e at a co
+nidn4dc-w-e1--o4f 2 .74k-W"has; been a ;0e R--÷G~1-4.

1.-t(tie H- TRACG bn assisted or lingt th8e7h old heat lead. 28.74 kW.' defie. in Setion '1.5.5 .At
greate!- heat leads Ibreed coolinle of the NIPC ucinig the Supplemenital Coolinii S'ystem (.SGS) defined
in Seetion q.C is mfandateiry (See Subý;eetieii 1.5.55.1. Coniditions 2 and :'4 The SCS. si;,.ed 14r 36.9
kW hie-at iremo'.'al capacity, will ingurc~ that the cladding temper-at[!res will be well beow tile
temperaturcs minderF the thr-eshold heat lead scenario, wheni the SGS iS nlOt ISOEd. All Suchl thle SGS
c.oled t11 TRAC pre fi• e them•ail c..ndition is bounded by the threshold hie-at load scenar-io. The
prhncipa HI TRAC thermal l.adiniig during this .cd.5.allon'ir•e heat input) is bounded by th• e
r ;oC 101"I 2 eValu-ati*on relrfereced abo-e. Therefbibe the fire accident cln::;equences arc like'ise
WeuiledDuring the handling of the 1HI-TRAC transfer cask, the transporter fuel tank capacity must
be limited to a 50 gallons. The duration of the 50-gallon fire underthe conservatively postulated spill
defined in the HI-STORM Fire evaluation computes as 4.775 minutes. To demonstrate the fuel
cladding and MPC pressure boundaiy integrity Under exposure to this fire duration event durling a
fire accident analysis of the loaded 100-ton I I-TRAC is performed. In this analysis. the contents of
the H- -TRAC are conservatively postulated to undergo a transient heat-up as a lumped mass from the
decay heat input and heat input from the short duration fire. This analysis. because of the lower mass
of the 100-ton HI-TRAC, bounds the effects for the 125-ton HI-TRAC. UJsing understated thermal
inertia oftthe HI-TRAC and design maximurn heat load (36.9 kW) the temiperature rise rate computes
as 5.553"F/rain. Therefore, the temperature rise computed as the product of this rate and the fire
duration reported above is 26.51F. In this manner the maximum cladding temperature obtained by
adding the temperature rise to the initial condition (See Table 4.5.6 for design basis heat load with
X=3) computes as 81 I°F. The maximum fire temperature computed in the conservative manner
above remains below the 1058"F accident temperature limit (Table 4.3.1) by substantial margins.

The elevated temperatures as a result of the fire accident will cause the pressure in the water jacket to
increase and the overpressure relief valves to vent steam to the atmosphere. Based on the fire heat
input to the water jacket. 11% of the water in the water *jacket is boiled off. However, it is
conservatively assumed, for dose calculations, that all the water in the water jacket is lost. In the 125-
ton HI-TRAC, which uses Holtite in the lids for neutron shielding. the elevated fire temperatures
would cause the 1-oltite to exceed its design accident temperature limits. This condition is
conservatively addressed by ignoring neutron shield in the accident dose calculations.

Due to the increased temperatures of the MPC during fire accident the internal MPC pressure
increases. The fire accident pressure is computed assuming the MPC cavity temperature rises by the
fire accident temperature rise computed in this section. The result is tabulated in Table 4.6•2. The fire
accident MPC pressure is substantially below the accident pressure limit ('Table 2.2. 1).
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4.6.2.2 Jacket Water Loss

w...atel' from the H! TRA" water .... et. ]'4- HI TR.A. C s equip w.t. ;,, an array el, w.ate
comfpar-tments filIled with wvater-. I r a boiundin- analysis,, all wýater~c-omipartm~ents arc assumjied to lose
their- water- anid be r-eplaced with air-.As an additional measur-e of conser-vatism. the air in the- water
jacket is assumed to be motioiii ss" (K. natui al conivection lieglected) andmrdiatioii heat rnP i

the .....: -1 ... I.. e'•..

the war• '"~Jaket spa.esigre ;z Týhe" HI TRA" is as-sumed to have the m-xim-.m rmal p.yloa
(dsinheat ad) and assu-med to have reached steady state (maximum) tempeatures. U Inder these

assumed set of adver-se coniditions. the ma~ximulm temnperaturies, ar-e computed and repor-ted in Table
41.6.3. The re.SUts of ja-,,et w.ater 1 oS5 ..... Uati, n c• nirm that the claddi, g c, ...C aid Wl TRAC
efmponenft temper'atures ar~e below ihe imiits pr-escr-ibed inl Chapter- 2 (Table 2.2.3.). The eo iincideni
N4C pr"essure is also c.mputed and compared with the N4 PC accident design p-ressure (Table 22.1•.).
The resul.t (Table 4.6.2) is oanfirm.ed to be below the limit.
In this subsection, the fuel cladding and MPC boundary integrity is evaluated for a postulated loss of
water from the HI-TRAC water jacket. The HI-'"RAC is equipped with an array of water
compartments filled with water. For a bounding analysis,. all water compartments are assumed to lose
their water and be replaced with air. Heat dissipation by natural convection and radiation in the air
space is included in the thermal model. The HII-TRAC is assumed to have the maximum thermal
payload (design heat load) and assumed to have reached steady state (maximum) temperatures.
Under these assumed set of adverse conditions, the maximum temperatures are computed using the

3[) HI-TRAC thermal model constructed in Section 4.5 with the water in water jacket spaces
replaced with air. The computed results are tabulated in Table 4.6.3 for the design basis heat load.
The results of jacket water loss evaluation confirm that the cladding, MPC and I-[I-TRAC component
temperatures are below the limits prescribed in Chapter 2 (Table 2.2.3). The co-incident MPC
pressure is also computed and compared with the MPC accident design pressure (Table 2.2.1). The
result (Table 4.6.2) is confirmed to be below the limit.

4.6.2.3 Extreme Environmental Temperatures

To evaluate the effect of extreme weather conditions, an extreme ambient temperature (Table 2.2.2)
is postulated to persist for a 3-day period. For a conservatively bounding evaluation the extreme
temperature is assumed to last for a sufficient duration to allow the HI-STORM 100 System to reach
steady state conditions. Because of the large mass of the HI-STORM 100 System, with its
corresponding large thermal inertia and the limited duration for the extreme temperature, this
assumption is conservative. Starting from a baseline condition evaluated in Section 4.4 (normal
ambient temperature and limiting fuel storage configuration) the temperatures of the HI-STORM 100
System are conservatively assumed to rise by the difference between the extreme and normal
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Table 4.6.2

OFF-NORMAL AND ACCIDENT CONDITION MAXIMUM MPC PRESSURES
FOR DESIGN BASIS I IEAT LOAD

Condition Pressure

(psig)

Off-Normal Conditions

Off-Normal Ambient 101.4

Partial Blockage of Inlet Ducts 100.4

Accident Conditions

Extreme Ambient Temperature 104.4

100% Blockage of Air Inlets 118.1

Burial Under Debris 134.8

HI-TRAC Fire Accident 106.2

HI-TRAC Jacket Water Loss 108.6112.2
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Table 4.6.3
HI-TRAC JACKET WATER LOSS ACCIDENT MAXIMUM

TEMPERATURES FOR DESIGN BASIS I.IEAT LOAD

Component X0.5 Temperature ("F)

Fuel Cladding 811 837

MPC Basket 808 829

MPC Shell 514 496

HI-TRAC Inner Shell 365 342
HI-TRAC Radial Lead Gamma 3

Shield 363 342

HI-TRAC Water Jacket Shell 289 271

HI-TRAC lid Neutron Shield 304 309
Section Average

Table 4.6.4

EXTREME ENVIRONMENTAL CONDITION MAXIMUM

HI-STORM TEMPERATURES

Component 
Temperature6

(OF)
Fuel Cladding 756
MPC Basket 753
MPC Shell 514
Overpack Inner Shell 367
Lid Concrete Bottom Plate 347
Lid Concrete Section Temperature 291

6 Obtained by adding the extreme ambient to normal temperature difference (45°F) to normal condition
temperatures reported in Section 4.4.
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[4.5.1] "DeletedlI I-STORM TI IERMAL-HYDRAULIC ANALYSES SUPPORTING LIPTO
36.9 KW HIGH HEAT LOAD AMENDMENT", Holtec Report 1H1-2043317, Revsion 18

[4.5.2] 1Il-STORM FW FSAR, .toltec Report 1-11-2084239. Rev. I, Section 3.4.4.1.11, Docket

No. 72-103•.P. 1 lolman, ".. eat Transf.r." McGraw .... B; k.. Company. Sixth Edition,

[4.6.1] United States Code of Federal Regulations, Title 10, Part 71.

[4.6.2] Gregory, J.J. et. al., "Thermal Measurements in a Series of Large Pool Fires", SAND85-
1096, Sandia National Laboratories, (August 1987).
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8.1 PROCEDURE FOR LOADING THE HI-STORM 100 SYSTEM IN THE SPENT FUEL
POOL

8.1 .1 Overview of Loading Operations:

The HI-STORM 100 System is used to load, transfer and store spent fuel. Specific steps are
performed to prepare the HI-STORM 100 System for fuel loading, to load the fuel, to prepare the
system for storage and to place it in storage at an ISFSI. The MPC transfer may be performed in
the cask receiving area, at the ISFSI. or any other location deemed appropriate by the user. HI-
TRAC and/or HI-STORM may be transferred between the ISFSI and the fuel loading facility
using a specially designed transporter. heavy haul transfer trailer, or any other load handling
equipment designed for such applications as long as the lift height restrictions are met (lift height
restrictions apply only to suspended forms of transport). Users shall develop detailed written
procedures to control on-site transport operations. Section 8.1.2 provides the general procedures
for rigging and handling of the HI-STORM overpack and HI-TRAC transfer cask. Figure 8.1.1
shows a general flow diagram of the HI-STORM loading operations.

Refer to the boxes of Figure 8.1.2 for the following description. At the start of loading
operations, an empty MPC is upended (Box 1). The empty MPC is raised and inserted into HI-
TRAC (Box 2). The annulus is filled with plant demineralized water, and the MPC is filled with
either spent fuel pool water or plant demineralized water (borated as required) (Box 3). An
inflatable seal is installed in the upper end of the annulus between the MPC and HI-TRAC to
prevent spent fuel pool water from contaminating the exterior surface of the MPC. HI-TRAC
and the MPC are then raised and lowered into the spent fuel pool for fuel loading using the lift
yoke (Box 4). Pre-selected assemblies are loaded into the MPC and a visual verification of the
assembly identification is performed (Box 5).

While still underwater, a thick shielded lid (the MPC lid) is installed using either slings attached
to the lift yoke or the optional Lid Retention System (Box 6). The lift yoke remotely engages to
the HI-TRAC lifting trunn ions to lift the HI-TRAC and loaded MPC close to the spent fuel pool
surface (Box 7). When radiation dose rate measurements confirm that it is safe to remove the HI-
TRAC from the spent fuel pool, the cask is removed from the spent fuel pool. If the Lid
Retention System is being used. the HI-TRAC top lid bolts are installed to secure the MPC lid
for the transfer to the cask preparation area. The lift yoke and HI-TRAC are sprayed with
demineralized water to help remove contamination as they are removed from the spent fuel pool.

HI-TRAC is placed in the designated preparation area and the Lift Yoke and Lid Retention
System (if utilized) are removed. The next phase of decontamination is then performed. The top
surfaces of the MPC lid and the upper flange of HI-TRAC are decontaminated. The Temporary
Shield Ring (if utilized) is installed and filled with water and the neutron shield jacket is filled
with water' (if drained). The inflatable annulus seal is removed, and the annulus shield (if
utilized) is installed. The Temporary Shield Ring provides additional personnel shielding around

! Users may substitute domestic water in each step where demnineralized water is specified.
Filled water jacket is relied in Section 4.5 thermal analysis of H-I-TRAC in the dry and helium tilled MPC

condition.
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the top of the HI-TRAC during MPC closure operations. The annulus shield provides additional
personnel shielding at the top of the annulus and also prevents small items from being dropped
into the annulus. Dose rates are measured at the MPC lid to ensure that the dose rates are within
expected values.

The MPC water level is lowered slightly, the MPC is vented, and the MPC lid is seal welded
using the automated welding system (Box 8). Visual examinations are performed on the tack
welds. Liquid penetrant (PT) examinations are performed on the root and final passes. An
ultrasonic or multi-layer PT examination is performed oil the MPC Lid-to-Shell weld to ensure
that the weld is satisfactory. As an alternative to volumetric examination of the MPC lid-to-shell
weld, a inulti-layer PT is performed including one intermediate examination after approximately
every three-eighth inch of weld depth. The MPC Lid-to-Shell weld is then pressure tested
followed by an additional liquid penetrant examination performed onl the MPC Lid-to-Shell weld
to verify structural integrity. To calculate the helium backfill requirements for the MPC (if the
backfill is based upon helium mass or volume measurements), the free volume inside the MPC
must first be determined. This free volume may be determined by measuring the volume of
water displaced or any other suitable means.

Depending upon the burn-up or decay heat load of the fuel to be loaded in the MPC, moisture is
removed from the MPC using either a vacuum drying system or forced helium dehydration
system. For MPCs without high burn-up fuel and with sufficiently low decay heat, the vacuum
drying system may be connected to the MPC and used to remove all liquid water from the MPC
in a stepped evacuation process (Box 9). A stepped evacuation process is used to preclude the
formation of ice in the MPC and vacuum drying system lines. The internal pressure is reduced to
below 3 torr and held for 30 minutes to ensure that all liquid water is removed.

For high-burn-up fuel or MPCs with high decay heat, or as an alternative for MPCs without high
burn-up fuel and with lower decay heat, a forced helium dehydration system is utilized to remove
residual moisture from the MPC. Gas is circulated through the MPC to evaporate and remove
moisture. The residual moisture is condensed until no additional moisture remains in the MPC.
The temperature of the gas exiting the system demoisturizer is maintained below 21 'F for a
minimum of 30 minutes to ensure that all liquid water is removed

Following MPC moisture removal, the MPC is backfilled with a predetermined amount of
helium gas. If the MPC contains high burn-up fuel ewand MPC heat load greater than the
threshold heat load setting in Table 4.5.4. has a ...... ien.l. high decay heat lad,.then a
Supplemental Cooling System (SCS) is connected to the HI-TRAC annulus prior to helium
backfill and is used to circulate coolant to maintain fuel cladding temperatures below ISG- 1I
Rev. 3 limits (See Figure 2.C.1). The helium backfill ensures adequate heat transfer during
storage, and provides an inert atmosphere for long-term fuel integrity. Cover plates are installed
and seal welded over the MPC vent and drain ports with liquid penetrant examinations
performed on the root and final passes (for multi-pass welds) (Box 10). The cover plate welds
are then leak tested.

The MPC closure ring is then placed on the MPC and dose rates are measured at the MPC lid to
ensure that the dose rates are within expected values. The closure ring is aligned, tacked in place
and seal welded providing redundant closure of the MPC confinement boundary closure welds.
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I. Disconnect the gas supply line from the MPC.

m. Disconnect the drain line from the MPC.

Note:
Vacuum drying or moisture removal using FHD (for high burn-up fuel or high decay heat) is
performed to remove moisture and oxidizing gasses from the MPC. This ensures a suitable
environment for long-term storage of spent fuel assemblies and ensures that the MPC pressure
remains within design limits. The vacuum drying process described herein reduces the MPC
internal pressure in stages. Dropping the internal pressure too quickly may cause the formation
of ice in the fittings. Ice formation could result in incomplete removal of moisture from the
MPC. The moisture removal process limits bulk MPC temperatures by continuously
circulating gas through the MPC. Section 8.1.5 Steps 6a through q are used for the vacuum
drying method of drying and backfill. Section 8.1.5 Steps 7a through i are used for the FHD
method of drying and backfill.

6. Dry and Backfill the MPC as follows (Vacuum Drying Method):

Note:
During vacuum drying, the annulus between the MPC and the HI-TRAC must be maintained
full of water. Water lost due to evaporation or boiling must be replaced to maintain the water
level. For %MP1Cs above a threslhokl heat lead (see Technical Specifieatimons). aerms be
continu~ously flowed thrlouigh the amiulus at suficeient r'ate to0 enueaae tdfmperatur-e at the
aiutlet of tieanlsble -4-244'V Mnilmatooo of waerulet temper'aturo muswt be

'e. efiIr".me. .. dI .. .h '. ... ,. .... ,' r •.,,; I . .iti..in....% .. te..... i ,

a. Fill the annulus between the MPC and HI-TRAC with clean water. The water
level must be within 6" of the top of the MPC.,,-rreq'uifed by.' ,NP heat load
eonneet a :.ource of w~atei- withsfli s:Aiieiitflov. to maintain anl exit water
termperi-ature beleow. i.25 0 F Eur;i,, all! vacuum dirvin, ope..a... ..

b. Attach the drying system (VDS) to the vent and drain port RVOAs. See Figure
8. 1.22a. Other equipment configurations that achieve the same results may also be
used.

Note:
The vacuum drying system may be configured with an optional fore-line condenser. Other
equipment configurations that achieve the same results may be used.

Note:
To prevent freezing of water, the MPC internal pressure should be lowered in incremental
steps. The vacuum drying system pressure will remain at about 30 torr until most of the liquid
water has been removed from the MPC.

c. Open the VDS suction valve and reduce the MPC pressure to below 3 torr.

d. Shut the VDS valves and verify a stable MPC pressure on the vacuum gage.
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Note:
For an MPC containing high burn-up fuel assemblies fuel and MPC heat load greater than the
threshold heat load setting in Table 4.5.4c-r has a suffieintly high deea- heat load,. the
Supplemental Cooling System is required to be operated within ICO 3.1.4 time limits
following completion of backfill (see Section 4.5).- In the event of a Supplemental Cooling
System failure, a HI-TRAC in a horizontal orientation must be placed into a vertical
orientation within 24 hours.

I. Remove the annulus shield (if used) and store it in an approved plant storage location

2. If use of the SCS is not required, attach a drain line to the HI-TRAC and drain the
remaining water from the annulus to tile spent fuel pool or the plant liquid radwaste
system.

3. Install HI-TRAC top lid as follows:

Warning:
When traversing the MPC with the HI-TRAC top lid using non-single-failure proof (or
equivalent safety factors), the lid shall be kept less than 2 feet above the top surface of the
MPC. This is performed to protect the MPC lid from a potential lid drop.

a. Install HI-TRAC top lid. Inspect the bolts for general condition. Replace worn or
damaged bolts with new bolts.

b. Install and torque the top lid bolts. See Table 8.1.5 for torque requirements.

c. Inspect the lift cleat bolts for general condition. Replace worn or damaged bolts
with new bolts.

d. Install the MPC lift cleats and MPC slings. See Figure 8.1.24 and 8.1.25. See
Table 8.1.5 for torque requirements.

e. Drain and remove the Temporary Shield Ring, if used.

4. Replace the pool lid with the transfer lid as follows (Not required for HI-TRAC IOOD
and 125D):

ALARA Note:
The transfer slide is used to perform the bottom lid replacement and eliminate the possibility of
directly exposing the bottom of the MPC. The transfer slide consists of the guide rails, rollers,
transfer step and carriage. The transfer slide carriage and jacks are powered and operated by
remote control. The carriage consists of short-stroke hydraulic jacks that raise the carriage to
support the weight of the bottom lid. The transfer step produces a tight level seam between the
transfer lid and the pool lid to minimize radiation streaming. The transfer slide jacks do not
have sufficient lift capability to support the entire weight of the HI-TRAC. This was selected
specifically to limit floor loads. Users should designate a specific area that has sufficient room
and support for performing this operation.

Note:
The following steps are performed to pretension the MPC slings.
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6. Perform a HI-STORM receipt inspection and cleanliness inspection in accordance with a
site-approved inspection checklist, if required. See Figure 8.1.27 for HI-STORM lid
rigging.

Note:
MPC transfer may be performed in the truck bay area, at the ISFSI, or any other location
deemed appropriate by the licensee. The following steps describe the general transfer
operations (See Figure 8.1.28). The HI-STORM may be positioned on an air pad, roller skid in
the cask receiving area or at the ISFSI. Tile HI-STORM or HI-TRAC may be transferred to
the ISFSI using a heavy haul transfer trailer, special transporter or other equipment specifically
designed for such a function (See Figure 8.1.29) as long as the HI-TRAC and HI-STORM
lifting requirements are not exceeded (See technical specifications). Tile licensee is
responsible for assessing and controlling floor loading conditions during the MPC transfer
operations. Installation of the lid, vent screen, and other components may vary according to
the cask movement methods and location of MPC transfer.

8.1.7 Placement of HI-STORM into Storage

I. Position an empty HI-STORM module at the designated MPC transfer location. The HI-
STORM may be positioned on the ground, on a de-energized air pad, on a roller skid, on
a flatbed trailer or other special device designed for such purposes. If necessary, remove
the exit vent screens and gamma shield cross plates, temperature elements and the HI-
STORM lid. See Figure 8.1.28 for some of the various MPC transfer options.

a. Rinse off any road dirt with water. Inspect all cavity locations for foreign objects.
Remove any foreign objects.

b. Transfer the HI-TRAC to the MPC transfer location.

2. De-energize the air pad or chock the vehicle wheels to prevent movement of the HI-
STORM during MPC transfer and to maintain level, as required.

ALARA Note:
The HI-STORM vent duct shield inserts eliminate the streaming path created when the MPC is
transferred past the exit vent ducts. Vent duct shield inserts are not used with the HI-STORM
100S.

3. Install the alignment device (or mating device for HI-TRAC IOOD and 125D) and if
necessary, install the HI-STORM vent duct shield inserts. See Figure 8.1.30.

Caution:
F1e-MPCs loaded with high burn-up fuel and MPC heat load greater than the threshold heat
load definedset4ing in Table 4.5.4 requireinfg operation of the ,Supplemental eCooling System;n
the tim•e to complete the transfer. may be limited to prevent fuel cladding temperatures in
excess of ISG-I I Rev. 3 limits. (See Section 4.5) All preparatory work related to the transfer
should be completed prior to terminating the supplemental cooling operations.

4. If used, discontinue the supplemental cooling operations and disconnect the SCS. Drain
water from the HI-TRAC annulus to an appropriate plant discharge point.
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Table 8.1.6
EQUIPMENT OPERATIONAL DESCRIPTION (Continued)HI-STORM 100 SYSTEM ANCILLARY

Equipment Important To Safety Reference Description
Classification Figure

Deleted
Deleted
Mating Device Important-To-Satety- Category B 8.1.31 Used to mate HI-TRAC IOOD and 125D to HI-STORM during transfer operations. Includes

sliding drawer for use in removing HI-TRAC pool lid.
MPC Support Slings Important To Safety - Category A 8.1.25 Used to secure the MPC to the lift yoke during HI-TRAC bottom lid replacement operations.

- Rigging shall be provided in Attaches between the MPC lift cleats and the lift yoke. Can be configured for different crane hook
accordance with NUREG 0612. configuration.

MPC Upending Not Important to Safety 8.1.6 A steel frame used to evenly support the MPC during upending operations. and control the
Frame upending process.
Supplemental Important to Safety - Category B 2.C. I A system used to circulate wvater or other coolant through the HI-TRAC annulus in order to
Cooling System maintain fuel cladding temperatures below ISG- II Rev. 3 limits during operations with the MPC

in the HI-TRAC. Required only for MPC containing high bum-up fuel with a suflicieitly high
decay heat load as determined in accordance with Section 4.5. Calibration of the temperature
instruments used to demonstrate heat removal from the HI-TRAC shall be performed in
accordance with the requirements for Important to Safety Category B. the remaining components
in the s'stem are NITS.

MSLD (Helium Not Important to Safety Not shown Used for helium leakage testing of the vent/drain port cover plate welds.
Leakage Detector)
Deleted
Temporary Shield Not Important To Safety 8.1.18 A water-filled tank that fits on the cask neutron shield around the upper forging and provides
Ring supplemental shielding to personnel performing cask loading and closure operations.
Vacuum Drying Not Important To Safety 8.1.22a Used fbr removal of residual moisture firom the MPC following water draining.
(Moisture Removal)
System
Forced Helium Important to Safety - Category B 8.1.22b Used for removal of residual moisture from the MPC tollowing water draining. Calibration of the
Dehydration System instrumentation used to confinn Tech Spec compliance shall be perfbrmed in accordance with the

requirements for Important to Safety Category B. the remaining components of the system are
NITS.

Vent and Drain Not Important To Safety 8.1.16 Used to access the vent and drain ports. The vent and drain RVOAs allow the vent and drain ports
RVOAs to be operated like valves and prevent the need to hot tap into the penetrations during unloading

operation.

Deleted
Weld Removal Not Important To Safety 8.3.2b Semi-automated weld removal system used for removal of the MPC field weld to support
System I unloading operations.

T Figures are representative and may not depict all configurations for all users.
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5. Engage the lift yoke to tile HI-TRAC lifting trunnions.

6. Align HI-TRAC over HI-STORM and mate the overpacks. See Figure 8.1.31.

7. If necessary, install the MPC downloader.

8. Remove the transfer lid (or mating device) locking pins and open the doors (mating
device drawer).

ALARA Warning:

If trim plates are not used, personnel should remain clear of the immediate door area during
MPC downloading since there may be some radiation streaming during MPC raising and
lowering operations.

9. At the user's discretion, install trim plates to cover the gap above and below the door
(drawer for I OOD and 125 D). The trim plates may be secured using hand clamps or any
other method deemed suitable by the user. See Figure 8.1.33.

10. Attach the ends of the MPC sling to the lifting device or MPC downloader. See Figure
8.1.32.

Caution:
Limitations for 4-e-handling an MPC containing high burn-up fuel ofand total MPC heat load
greater than 28.74 k\W"thc threshold heat load setting in Table 4.5.4 at the time of unloading in
a HI-TRAC are evaluated and established on a canister basis to ensure that acceptable cladding
temperatures are not exceeded. Refer to FSAR Section 4.5 for guidance. The Supplemental
Cooling System (SCS) is used to prevent fuel cladding temperatures firom exceeding ISG-I 1
Rev. 3 limits. Operation of the SCS is initiated in accordance with the TS and continues until
MPC re-flooding operations have commenced. Staging and check-out of the SCS shall be
completed prior to transferring the MPC to the HI-TRAC.

11. Raise the MPC into HI-TRAC.

12. Verify the MPC is in the full-up position.

13. Close the HI-TRAC doors (or mating device drawer) and install the door locking pins.

14. For the HI-TRAC 1 OOD and 125D, bolt the pool lid to the HI-TRAC. See Table 8.1.5 for
torque requirements.

15. Lower the MPC onto the transfer lid doors (or pool lid for I OOD and 125D).

16. Disconnect the slings from the MPC lift cleats.

17. If necessary, remove the MPC downloader from the top of HI-TRAC.

18. Remove HI-TRAC from the top of HI-STORM.
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II I-TRAC Off-Normal Ambient Temperature

For each event, the postulated cause of the event, detection of the event, analysis of the event effects
and consequences, corrective actions, and radiological impact from the event are presented.

The results of the evaluations performed herein demonstrate that the HI-STORM 100 System can
withstand the effects of off-normal events without affecting function, and are in compliance with the
applicable acceptance criteria. The following subsections present the evaluation of the HI-STORM
100 System for the design basis off-normal conditions that demonstrate that the requirements of
IOCFR72.122 are satisfied, and that the corresponding radiation doses satisfy the requirements of
IOCFR72.104(a) and I OCFR20.

11.1.1 Off-Normal Pressures

The sole pressure boundary in the HI-STORM 100 System is the MPC enclosure vessel. The off-
normal pressure condition is specified in Subsection 2.2.2. The off-normal pressure for the MPC
internal cavity is a function of the initial helium fill pressure and the temperature reached within the
MPC cavity under normal storage. The MPC internal pressure is evaluated with 10% of the fuel rods
ruptured and 100% of the rods fill gas and 30% of the fission gases released to the cavity.

I1.1.1.1 Postulated Cause of Off-Normal Pressure

After fuel assembly loading, the MPC is drained, dried, and backfilled with an inert gas (helium) to
assure long-term fuel cladding integrity during dry storage. Therefore, the probability of failure of
intact fuel rods in dry storage is low. Nonetheless, the event is postulated and evaluated.

11.1.1.2 Detection of Off-Normal Pressure

The HI-STORM 100 System is designed to withstand the MPC off-normal internal pressure without
any effects on its ability to meet its safety requirements. There is no requirement for detection of off-
normal pressure and, therefore, no monitoring is required.

11.1.1.3 Analysis of Effects and Consequences of Off-Normal Pressure

The MPC off nonnal internal pressure is reported in Subsection 4.6.1 for the following conditions:
limiting fuel storage scenario, tech. spec. maximum helium backfill and 10% rod rupture with 100%
of rod fill gas and 30% of gaseous fission products released into the MPC cavity. The analysis shows
that the MPC pressure remains below the design MPC internal pressure (Table 2.2.1).

It should be noted that this bounding temperature rise does not take any credit for the increase in
thermosiphon action that would accompany the pressure increase that results from both the
temperature rise and the addition of the gaseous fission products to the MPC cavity. As any such
increase in thermosiphon action would decrease the temperature rise, the calculated pressure is
higher than would actually occur.
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Thermal

There is no effect on thermal performance.

Shielding

There is no effect on the shielding performance.

Criticality

There is no effect on the criticality control.

Confinement

There is no effect on the confinement function.

Radiation Protection

As there is no effect on the shielding or confinement functions, there is no effect on occupational or
public exposures.

Based on this evaluation, it is concluded that the SCS failure does not affect the safe operation of the
HI-STORM 100 System.

11.1.7.4 Corrective Action for SCS Power Failure

The HI-STORM 100 System is designed to withstand a power failure without an adverse effect on its
normal operation. Consequently no corrective action is required.

11.1.7.5 Radiological Impact of SCS Power Failure

The event has no radiological impact because the confinement barrier and shielding integrity are not
affected.

11.1.8 H I-TRAC Off-Normal Ambient Temrnerature

As evaluated in Section 4.5 the HI-TRAC is designed to conduct short term operations inside fuel
handling building and in the outside environment under design basis ambient temperatures defined in
Table 2.2.2. In an event where these temperatures are approached or exceeded an evaluation is
required to support operations under greater than design ambient temperatures.
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11.1.8.1 Postulated Cause of Off-Normal Ambient Tern peratures

The ofl:-normal environmental temperature is postulated as an exceedance of desigin ambient
temperatures caused by extreme weather conditions. To evaluate the effects of off-normal
temperatures, it is conservatively assumed that these temperatures persist for a sufficient duration to
allow the -I 1-TRAC temperatures to reach asymptotic steady state conditions. Because of the large
mass and thermal inertia of the H 1-TRAC and the limited durations for the off-normal temperatures,
this assumption is conservative.

11.1.8.2 Detection of Off-Normal Ambient Temperatures

The H 1-TRAC is designed with robust margins to withstand off-normal environmental temperatures
without challenging short term safety limits. There is no requirement for detection of off-normal
environmental temperatures for the I--I1-TRAC. To address potential exceedance of ambient
temperatures at hot sites Appendix B of the HI-STORM Technical Specifications, Section 3.1
requires cask users to evaluate site ambient temperatures.

I .1..8.3 Effects and Consequences of Off-Normal Ambient Temperatures

Structural

There is no effect on the structural performance of the system as a result of this off-normal event.

Thernmal

There is no efftict on the thermal performance of the system as a result of this off-normal event.

Shielding

There is no effect on the shielding performance ofthe system as a resuilt of this off-normal event.

Criticalitv

There is no effect on the criticality control tieatures of the system as a result of this off-normal event.

Con linernent

There is no effect on the confinement function of the MPC as a result of this off-normal event.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this off-normal event.
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Based on this evaluation, it is concluded that oftl-normal environmental temperatures do not affect
the safe operation of the HI-1-TRAC.

11.1.8.4 Corrective Action ftor Off-Normal Environmental Temperatures

The 1-11-TRAC is designed with robust margins to withstand off-normal ambient temperatures. No
corrective actions are necessary.

11.1.8.5 Radioloical Impact of Off-Normal Environmental Temperatures

Off-normal ambient temlperatUres have no radiological impact, as the contlinement barrier and
shielding integrity are not affected.
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Fuel Assembly Number 3 is acceptable for loading based on the allowable burnups in Table
12.2.5.

12.2.11 Verifying Compliance with Total MPC Heat Load

Some operational steps and/or use of particular equipment are required if Qcoc is above a certain
value, e.g. 28.74 kW in the MPC-32. These include supplemental cooling, forced helium
dehydration, helium backfill pressure, and surveillance requirements for LCO 3.1.2. These
examples demonstrate the logic behind the decisions for these operational steps. Time to boil
limits and vacuum drying are also considered in these examples.

Example I:

Table 12.2.7 contains a proposed heat load pattern for loading a MPC-68 into an aboveground
HI-STORM 100 System. The table provides the decay heat of each storage location. It is
assumed that each of these assemblies meets the burnup, cooling time and enrichment criteria for
loading as described in the previous examples in Section 12.2.10.
General observations on this loading plan:

I. The heat loads in all cells meet the CoC limits for Uniform Loading, i.e. all cells are <
0.50 kW (See Table 2.1.26).

2. The MPC is loaded preferentially for ALARA considerations, i.e. the assemblies with
the lower heat loads are in the peripheral cells.

3. The aggregate MPC heat load, as defined in Section 2.1.9.1.2 as the simple
summation of the assemblies in the MPC,. is 18.917 kW.

4. The maximum heat load in any cell is 0.460 kW.

5. Qcoc. as defined in Section 2.1.9.1.2 equation c is 3 1.280 kW.

Recommendations based on the general observations without further site-specific analysis:

1.Vaeuum drying without annuILuS flushing: The MPG2 eamni: be dried Using Vaculum
drying without ann~ulus flushing because the maximum heat load in any eell is greater-
than 0.3 16 lWzV. (See Tables in FSAR Sectioen 41.5.3.1.2).

2-I .Vacuum drying with annulus flushin:e The MPC cannot be dried using vacuum
drying with annulus tRushing because the Qo,c. heat loadmaxi,-um heat load in any
eeJ-4 is greater than 30 k0-14- kW (See Tables in FSAR Table 4.5.1 Section 41.5.34.13).

-2.Forced Helium Dehydration: Even though the- aggree ,o h l.ad i l.ss than 26-W

the-The MPC should be dried using forced helium dehydration since the Qc,,c heat
load exceeds the vacuum drying threshold heat loads (See FSAR Table 4.5. 1).s-i-nee
or..mo.e cells do nOt •meet.. the a.lues in Tables ".5.7 or 4'.5.8,

43.Helium Backfill Pressure Range: The MPC should be backfilled to the higher
pressure range given in the TS because the Qcc heat load exceeds the threshold heat
loads in FSAR Table 1 .2.2.s in one ormere cells do no-t met the values in Tables
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-5.A.Supplemental Cooling System: A supplemental cooling system would be required for
on-site transport of High Burnup) Fuel in the HI-TRAC after the MPC is dried,
backfilled and sealed because the Qc<,c heat load exceeds the 90% design basis
threshold heat load in FSAR Table 4.5.4... in one or more cells do not meet the values
in Table "4.5.7 or 1.5.8.

6-5.Heat Removal Surveillance (LCO 3.1.2): The user has 24 hours to clear blockage on
the system containing this MPC since the Qc<,c heat load exceeds the 28.74 kW
threshold heat load in LCO 3A.1 in the cel! d-,,o not meet t.ie values in Table 4,5.7 or-

-7-.6.Time to boil determination: The user can calculate the time to boil limit based on the
aggregate MPC heat load of 18.917 kW since this is a bulk adiabatic heat uip
calculation strictly based on the aggregate heat in the MPC.

8-.7.Air mass flow rate test requirements per Condition 9 of the CoC: The user can
determine if this test needs to be performed based on the aggregate MPC heat load of
18.917 kW since the air flow on the outside of the MPC is strictly based on the
aggregate heat in the MPC.

Example 2

Table 12.2.8 contains a proposed heat load pattern for loading a MPC-32. The table provides the
decay heat of each storage location. It is assumed that each of these assemblies mneets the burnup,
cooling time and enrichment criteria for loading as described in the previous examples in Section
12.2.10.

General observations on this loading plan:

1. The heat loads in all cells mneet the CoC limits for Uniform Loading, i.e. all cells are <
1.062 kW (See Table 2.1.26).

2. The MPC is loaded preferentially for ALARA considerations, i.e. the assemblies with
the lower heat loads are in the peripheral cells.

3. The aggregate MPC heat load, as defined in Section 2.1.9.1.2 as the simple
summation of the assemblies in the MPC, is 17.471 kW.

4. The maximum heat load in any cell is 0.826 kW.

5. Qeoc, as defined in Section 2.1.9.1.2 equation c is 26.432 kW.

Recommendations based on the general observations without further site-specific analysis:

1. ..acuu.m drying without annu..s fluishi,,1.: The MPG &aw.o. be dried . using vacuum
drying without annulus flushing sine annulus flushing durin,,g .auum. dryi, f"

WPG 32 is always required (See Tables in -SAR Section 41.5.3.1.2).

2-. .Vacuum drying with annulus, flushing: The MPC can be dried using vacuum drying4fi
annulus flushing" is u.sed since the Qc 0c nqakifmum heat load is bounded by the
threshold heat load Q2 in FSAR Table 4.5.1. The vacuum drying is time limited as
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Qcc exceeds threshold heat load Q2 in FSAR Table 4.5.1 in an' cell does not
exceed 0.898 ,W .(Se Tables ifi ,SAR Section - )and t-h agrcate MPG
heat load is less than 26 L0. No time lim it is ap.lied tno•h-, 1r"n thi's, ani"..te. " since the
a,-refate heat lead (I 7.471 1W) is less than o. . equ.. al to 23 . . ..

3,2.Forced Helium Dehydration: The MPC can be dried using forced helium dehydration
but it is not required.

43.Heliun Backfill Pressure Range: The MPC may be backfilled to either pressure range
given in the TS because the Qc,,c heat load is bounded by the threshold heat load in
FSAR Table 1 .2.2.maxi.n.im heat load in a.y.. cell is bel-," the values in Table- 4.5.7.

-5-.4.Supplemental Cooling System: A supplemental cooling system would NOT be
required for on-site transport in the HI-TRAC after the MPC is dried, backfilled and
sealed because the Qcc heat load is bounded by the 90%,,,u design basis threshold heat
load in FSAR Table 4.5.4.maximum heat load in anv cell is below the values in Table
4.5.7.

6-.5.Heat Removal Surveillance (LCO 3.1.2): The user has 64 hours to clear blockage on
the system containing this MPC since the Q(c:c heat load is bounded by the 28.74 kW
threshold heat load in LCO 3.1.1)maximun heat load in an5y cell is below the values
in Table 41.5.7.

7-76.Time to boil determination: The user can calculate the time to boil limit based on the
aggregate MPC heat load of 17.471 kW since this is a bulk adiabatic heat up
calculation strictly based on the aggregate heat in the MPC.

8-7.Air mass flow rate test requirements per Condition 9 of the CoC: The user can
determine if this test needs to be performed based on the aggregate MPC heat load of
17.471 kW since the air flow on the outside of the MPC is strictly based on the
aggregate heat in the MPC.

Example 3

Table 1.2.9 contains a proposed heat load pattern for loading a MPC-32. The table provides the
decay heat of each storage location. It is assumed that each of these assemblies meets the burnup,
cooling time and enrichment criteria for loading as described in the previous examples in Section
12.2.10.

General observations on this loading plan:

1. The heat loads do not meet the CoC limits for Uniform Loading, i.e. some cells are >
1.0625 kW (See Table 2.1.26).

2. The X value that most closely meets this pattern (See Table 2.1.30) is 1.5 which
means the inner locations cannot have a total decay heat greater than 1.282 kW and
the outer locations cannot have a total decay heat greater than 0.855 kW. Note that
the pattern also meets the criteria for any X value > 1.5.

3. The aggregate MPC heat load, as defined in Section 2.1.9.1.2 as the simple
summation of the assemblies in the MPC, is 20.697 kW.
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4. The maximum heat load in any cell is 1.273 kW.

5. Since this MPC is loaded in a regionalized pattern, Qcoc, as defined in Section
2.1.9.1.2 equation e is 32.484 kW. (12* 1.282+20*0.855)

Recommendations based on the general observations without further site-specific analysis:
-L.--Vaei:!fF+--WIh-t*11Thll. 11~n.: The N41'( ewC icno be dried wui--' ;aeaii

diyin .thou~t alnnLikbs liu1hiiitsinee amialwo Awi~hiing durlinig vacuuam Eh-ing of
.W _3',' ,... ired (See Table,; in FSAR Sectin '1..I .3.1.2).

... Vacuum drying wi.th annulks fl . hing:s. The MPC cannot be dried Using vacuum
drying-i ae-ith-tds--since the Qcoc heat load under uniform loading
(0 .73 k\x\.2 equals 40.736 kW) exceeds the threshold heat loads in FSAR Table
4.5. 1. .ma- m-itt oud in an; cell exe.eed. 0..99 kw (See Tables, in FSAR

32ý.Forced Helium Dehydration: The MPC must be dried using forced helium
dehydration only because the-vacuum drying is not permitted (see above) and
regionalized loading Qcoc is bounded by the design basis heat load in FSAR Table
4.5.1 .maximum hea ld i.n at least one cell is greaer. than the . lue in Table 4.5.7
and the maximum heat load in at least one eell in the inner iregion eree thani th-e
value in Table ;1.5.9.

43.Helium Backfill Pressure Range: The MPC must be backfilled to the higher pressure
range given in the TS because the uniform loading Qcoc heat load exceeds the
threshold heat load in FSAR Table 1.2.2.maximum heat load in at least one ceel! i

. ..eater than. the value in Table 4.55.7 and the maximum heat lead ini at le-a. t one cell in
the ine r.egion i; great.er than the value in Table 4.5.8.

.A.Supplemental Cooling System: A supplemental cooling system is required for on-site
transport of lligh BurnuIp Fuel in the HI-TRAC after the MPC is dried, backfilled and
sealed because4he both uniform loading Qcoc and storage cell heat loads under
regionalized storage exceed the 90% design basis threshold heat load in FSAR Table
4.5.4.maximum heat load in at leat On.e. cell i greater than the valu.e i Table 4.5.7

6--5.

vale in Table '1.5.8.

Heat Removal Surveillance (LCO 3.1.2): The user has 24 hours to clear blockage on
the system containing this MPC since the uniform loading Qc,,c heat load exceeds the
28.74 kW threshold heat load in LCO 3.1.2. maximum heat load in at least one cell is
ereatemr than the value in Tahle .'!_ 7 and the ma-:h m,:m heat l,-ta..1 in at lea.st ene eel I in

thle inner- egio 1. grAeate than the value in Table '1.-J5.8.

7-6.Time to boil determination: The user can calculate the time to boil limit based on the
aggregate MPC heat load of 20.697 kW since this is a bulk adiabatic heat up
calculation strictly based on the aggregate heat in the MPC.

8-7.Air mass flow rate test requirements per Condition 9 of the CoC: The user can
determine if this test needs to be perfornied based on the aggregate MPC heat load of
20.697 kW since the air flow on the outside of the MPC is strictly based on the
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BASES

ACTIONS
(continued) A.2

Once the quantity of moisture potentially left in the MPC cavity
is determined, a corrective action plan shall be developed and
actions initiated to the extent necessary to return the MPC to
an analyzed condition. Since the quantity of moisture
estimated under Required Action A. 1 can range over a broad
scale, different recovery strategies may be necessary. Since
moisture remaining in the cavity during these modes of
operation may represent a long-term degradation concern,
immediate action is not necessary. The Completion Time is
sufficient to develop and initiate the corrective actions
commensurate with the safety significance of the CONDITION.

B. 1

Although Holtec steady state analysis for vacuum drying9 the
MPC at the maximum heat load allowed indicates that PCT
limitS Will not be exceeded, a time limit for vacuum dryin
based on the MPG heat load was mandated by the NRC On the
approval of CoC 1014 Amendment 5 [4]. NRC osiee that
im~iting the heat load to 23 kW provided added margin to the

If the MPC cavity vacuum drying acceptance criterion is not
met during the allowable time, the Required Action ensures a
sufficient quantity of helium within the MPC cavity to provide
additional margin to the PCT limits. The Completion Time is
sufficient to complete the corrective action commensurate with
the safety significance of the CONDITION.

(continued)
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BASES

SURVEILLANCE SR 3.1.1.1, SR 3.1.1.2, and SR 3.1.1.3 (continued)
REQUIREMENTS

All of these surveillances must be successfully performed
once, prior to TRANSPORT OPERATIONS to ensure that the
conditions are established for SFSC storage which preserve
the analysis basis supporting the cask design.

REFERENCES 1. FSAR Sections 1.2, 4.4, 4.5, 7.2, 7.3 and 8.1
2. Interim Staff Guidance Document 11
3. Interim Staff Guidance Document 18
4. DeletedNRC SER for Co• C 72 1014 AmendMe• t #5,

ML082030170, Section 4.10.2
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BASES

LCO The Supplemental Cooling System must be operable if the
MPC/TRANSFER cask assemblage meets one of the following
conditions in the Applicability portion of the LCO in order to
preserve the assumptions made in the thermal analysis.

APPLICABILITY The LCO is applicable within 4 hours after completion of MPC
drying operations in accordance with LCO 3.1.1 or within 4
hours of transferring the MPC into the TRANSFER CASK if the
MPC is to be unloaded, and the following conditions are met:

MPCs having one or more fuel assemblies with an average
burnup greater than 45,000 MWD/MTU and either (i) MPC
backfilled to higher helium backfill limits in Table 3-2 of
Technical- Specification- Appendix B and having decay heat
greater than 90% of the design basis heat load defined in
Subsection 2.1.9.1 or (ii) MPC backfilled to lower helium
backfill limits in Table 3-2 and having decay heat greater than
90% of heat load limits in Tables 3-3 or 3-4 of Tech. Spec.
Appendix A.s having a de... hea lead ..... 28.-4

ACTIONS A.1

If the SCS has been determined to be inoperable, the thermal
analysis shows that the fuel cladding temperature would not
exceed the short term temperature limit applicable to an off-
normal condition, even with no water in the TRANSFER CASK-
to-MPC annulus. Actions should be taken to restore the SCS
to operable status in a timely manner. Because the thermal
analysis is a steady-state analysis, there is an indefinite period
of time available to make repairs to the SCS. However, it is
prudent to require the actions to be completed in a reasonably
short period of time. A Completion Time of 7 days is
considered appropriate and a reasonable amount of time to
plan the work, obtain needed parts, and execute the work in a
controlled manner.

(continued)
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BASES

ACTIONS
(continued) B.1

If, after 7 days, the SCS cannot be restored to operable status,
actions should be taken to remove the fuel assemblies from
the MPC and place them back into the spent fuel pool storage
racks. Thirty days is considered a reasonable time frame given
that the MPC will be adequately cooled while this action is
being planned and implemented, and certain equipment for
this infrequent evolution (e.g., weld cutting machine) may take
some time to acquire.

SURVEILLANCE
REQUIREMENTS SR 3.1.4.1

The long-term integrity of the stored fuel is dependent on the
ability of the SFSC to reject heat from the MPC to the
environment, including during short-term evolutions such as
on-site transportation in the TRANSFER CASK. The SCS is
required to ensure adequate fuel cooling in certain cases. The
SCS should be verified to be operable every two hours. This
would involve verification that the coolant flow rate and
temperatures are within the design limits defined in Appendix
2.C.expected ,ra~ge. This is a reasonable Frequency given
the typical oversight occurring during the on-site transportation
evolution, the duration of the evolution, and the simple
equipment involved.

AMBIENT TEMPERATURE REQUIREMENTS
Cask users are required in accordance with Design Features section in Tech.
Specs. Appendix B to evaluate three day average ambient temperatures for
compliance with FSAR Table 2.2.2 temperature limits under HI-TRAC transfer
operations inside the part 50 structural boundary and outside of it. The three day
average temperatures maybe computed from best available site data or based on
local weather forecasts during scheduled periods of HI-TRAC movement or a
suitably conservative method for bounding the three day average.
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SUPPLEMENT 11.1

ACCIDENT EVALUATION FOR THE HI-STORM 100U SYSTEM

11.1.0 INTRODUCTION

This supplement is focused on the off-normal and accident condition evaluations of the HI-
STORM IOOU vertical ventilated module (VVM). Only those events that are actually affected by
the design of the overpack are discussed in detail herein. The reader is referred to the main body
of Chapter I I for discussions of any off-normal or accident conditions that are not dependent on
the design of the storage overpack (i.e., MPC-only or HI-TRAC events).

The evaluations described herein parallel those of the HI-STORM 100 overpack contained in the
main body of Chapter 11 of this FSAR. To ensure readability, the sections in this supplement are
numbered to be directly analogous to the sections in the main body of the chapter. For example,
the fire accident evaluation presented in Supplement Subsection 11.1.2.4 for the HI-STORM
100U is analogous to the evaluation presented in Subsection 11.2.4 of the main body of Chapter
II for the HI-STORM 100. Tables and figures (if any) in this supplement, however, are labeled
sequentially by section. If there is an analogous table or figure in the main body of Chapter 11,
an appropriate notation is made in the supplement table or figure.

11.1.1 OFF-NORMAL EVENTS

A general discussion of off-normal events is presented in Section 11.1 of tile main body of
Chapter 1I. The following off-normal events are discussed in this supplement:

Off-Normal Pressure
Off-Normal Environmental Temperature
Leakage of One MPC Seal Weld
Partial Blockage of Air Inlets
Off-Normal Handling of HI-TRAC Transfer Cask
Malfunction of FHD System
SCS Power Failure
Off-Normal Wind
[Ii-TRAC Off-Normal Ambient Temperatures

The results of the evaluations presented herein demonstrate that the HI-STORM 100U System
can withstand the effects of off-normal events without affecting its ability to perform its intended
function, and is in compliance with the applicable acceptance criteria.

11 .. 1.1 Off-Normal Pressure

A discussion of this off-normal condition is presented in Subsection 11.1.1 of the main body of
Chapter 11. A description of the cause of, detection of, corrective actions for and radiological
impact of this event is presented therein.
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Criticality

There is no effect on tile criticality control features of the system as a result of this off-nornmal
event.

Confinement

There is no effect on tile confinement function of the MPC as a result of this off-normal event.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is
no effect on occupational or public exposures as a result of this off-normal event.

Based on this evaluation, it is concluded that the specified off-normal wind event does not affect
the safe operation of the HI-STORM 100U System. The HI-STORM 10OU System is designed to
withstand the off-normal wind without any effect on its ability to maintain safe storage
conditions. There are no corrective actions required for the off-normal wind. The off-normal
wind has no radiological impact, and the confinement barrier and shielding integrity are not
affected.

11.1.1.9 111-TRAC Off-Nornmal Ambient Temperature

A discussion oflthis of" normal condition is presented in Subsection 11.1.8 of the main body of
Chapter II. The discussion presented therein remains completely applicable as the design and
method of operation of the HI-TRAC under tile HI-STORM 100JU is same as under the
aboveground system.

11.1.2 ACCIDENT EVENTS

A general discussion of accident events is presented in Section 11.1 of the main body of Chapter
S1I. The following accident events are discussed in this supplement section:

HI-TRAC Transfer Cask Handling Accident
HI-STORM I OOU Overpack Handling Accident
Tip-Over
Fire Accident
Partial Blockage of MPC Basket Vent Holes
Tornado
Flood
Earthquake
100% Fuel Rod Rupture
Confinement Boundary Leakage
Explosion
Lightning
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Structural

The structural evaluation of the MPC enclosure vessel for accident condition internal pressure
bounds the pressure resulting fromn this event. Therefore, the resulting stresses from this event are
bounded by the design-basis internal pressure and are well within the allowable values, as
discussed in Section 3.4.

Thermal

Supplement 4.1 calculates bounding temperatures for the HI-STORM IOOU under the extreme
environmental temperature condition. The calculated bounding temperatures and pressures are
reported in Table 4.1.8 and are below the MPC and VVM accident temperature and pressure
limits (Tables 2.2.3, 2.1.8 and 2.2.1).

Shielding

There is no effect on the shielding performance of the system as a result of this accident event,
since the concrete temperature does not exceed the short-term temperature limit specified in
Table 2.2.3.

Criticality

There is no effect onl the criticality control features of the system as a result of this accident
event.

Confinement

There is no effect on the confinement function of the MPC as a result of this accident event. As
discussed in the structural evaluation above, all stresses remain within allowable values, assuring
confinement boundary integrity.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is
no effect on occupational or public exposures as a result of this accident event.

Based on this evaluation, it is concluded that the extreme environment temperature accident does
not affect the safe operation of the HI-STORM IOOU System.

11.1.2.16 Supplemental Cooling System (SCS) Failure

A discussion of this accidenteff noimai condition is presented in Subsection 11.2.16 of the main
body of Chapter 11. The discussion presented therein remains completely applicable, as the
design and method of operation of the SCS and the HI-TRAC is unchanged for use with the HI-
STORM 100U System.
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1 1.1.2.17 Additional Hazards durino Construction Proximate to the ISFSI

To protect an installed ISFSI from any site construction activity in its proximity, a certain
minimum ground buffer distance beyond the edge of the perimeter of the VVM arrays is
pr.s.rib.d -in lh. licen!sng d.. aw .ngshall be established. This distance. referred to as the
IEI'xcavation Exclusion Zone (E011L"0). is the mrinimum distance liorn the ISFSI where excavation
can occur ifa retaining wall was not installed at the ISFSI per the licensing drawing and Table
2.1.2. This distance is established based on soil conditions and the strength of the DBE as
discussed in Section 3.1. If the user installs a retaining wall at or beyond the Radiation
Protection Space (RlPS) then the FEZ boundary is the retaining wall (see Section 2.1.2. item vi).
If a retaining wall is not installed, the EEZ boundary for a site is established using the
mnethodology described in Section 3.1.4.This r..t. pp (R.P) def. nen the ,1,o.
con.tructi.n..... aroyd the . istalled ME. loaded '.... (see Section .1.4).

As is required for deploying casks certified tinder IOCFR72, Subpart L, every site modification
that may potentially impact the continued operability of the ISFSI must be evaluated for
acceptability under IOCFR72.212. A generic evaluation of the shielding consequences of digging
a cavity adjacent to the radiation protection- zoneRPS has been considered in Supplement 5.1 of
this FSAR. The analyses show that the dose at the edge of the cavity is below 0.2 mrem/hr,
which is well below the customary limit that requires radiation posting at nuclear power plants.

Subsection 2.1.4-6 considers loadings from extreme environmental phenomena assuming that a
deep cavity at the edge of the RPS perimeter with a retaining wall has been created as a part of
site construction work and an accidental mechanical loading event across such cavity is credible.
Analyses summarized in Subsection 3.1.4 show that the design basis projectiles (large, medium,
or small), specified in Chapter 2 of this FSAR, applied in the most vulnerable location of the
construction cavity, will fail to reach the CEC.

In addition to the generic analyses documented in this FSAR to validate the sufficiency of the
RPS boundary, analyses of the consequences of any credible site specific loads or events during
site construction work shall be performed with due consideration of the duration and nature of
the site construction activity. The user's §72.212 evaluation program, used in considering ISFSI-
proximate activities at aboveground ISFSIs, shall apply to the HI-STORM IOOU installation as
well without limitation.

To summarize, as discussed in Supplement 2.1 and documented in the licensing drawing package
in Section 1.5, and the technical specifications; a radiation prote.tion spa. e (RPS) has been
established per supplement 5.1 with sufficient margin (ground buffer) against design basis
projectiles analyzed in supplement 3.1. An EEZ shall be established within which excavation
activities cannot be perlormed. If the retaining wall is present at or beyond the RPS the EEZ
boundary is the located at the retaining wall. As d,,umented in tThe technical ,pcifiat•ions, the
RPS boundary and FEZ shall not be encroached upon during any site construction activity (this
includes excavation). In addition to the generic analyses documented in this FSAR, site specific
evaluation pursuant to §72.212 shall be performed for all other credible hazards that can be
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postulated during site construction. Administrative controls to guard against accidental human
error in excavations (such as encroachment of the RPS) shall be addressed through written
procedures consistent with the required controls needed for a safety significant activity within a
Part 50 controlled area.

Subsection 2.I.26(ivM4) also requires the ISFSI owner to perform a seismic analysis of the ISFSI
for the instance when the maximum amount of excavation of tile area adjacent to the -l!&-EFZ
will exist to show that the RPS will not be encroached upon ila retaining wall is not used or be
limited to excavation at a distance ten times the planned excavation depth from the ISISI. The
site's Design Basis Earthquake (DBE) will be used. PRA considerations shall not be used to
diminish the strength of the seismic input. Tile Design Basis Seismic Model, described in 3.1.4,
shall be used with appropriate representation of the construction cavity.

Because the actual projectiles for a specific ISFSI site are often different from tile tornado borne
missiles analyzed in Supplement 3.1 herein, a site specific analysis of the effect of all credible
missiles shall be performed assuming that the largest construction cavity adjacent to the ISFSI
exists. PRA considerations shall not be used to rule out any missile that has been determined to
be credible in the plant's FSAR.

Furthermore, the ISFSI owner shall implement ameliorative measures to prevent unacceptable
damage to the ISFSI from any other credible adverse scenarios unique to a site that has not been
considered in this FSAR. An example of such a measure is the installation of a berm to protect
against environmental events such as soil erosion and mud slides. Such site specific design
initiatives at any "I OOU" ISFSI, like its aboveground counterpart, are within the purview of the
plant's §72.212 process.
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The U.S. Nuclear Regulatory Commission is issuing this Certificate of Compliance pursuant to Title 10 of the Code of Federal
Regulations, Part 72, "Licensing Requirements for Independent Storage of Spent Nuclear Fuel and High-Level Radioactive Waste" (10
CFR Part 72). This certificate is issued in accordance with 10 CFR 72.238, certifying that the storage design and contents described
below meet the applicable safety standards set forth in 10 CFR Part 72, Subpart L, and on the basis of the Final Safety Analysis Report
(FSAR) of the cask design. This certificate is conditional upon fulfilling the requirements of 10 CFR Part 72, as applicable, and the
conditions specified below.

Certificate No. Effective Expiration Date Docket No. Amendment No. Amendment Effective Date Package Identification No.
Date

1014 05/31/00 05/31/20 72-1014 89 05/02/12 USA/72-1014
Issued To: (Name/Address)

Holtec International
Holtec Center
555 Lincoln Drive West
Marlton, NJ 08053

Safety Analysis Report Title

Holtec International Inc.,
Final Safety Analysis Report for the
HI-STORM 100 Cask System

CONDITIONS

This certificate is conditioned upon fulfilling the requirements of 10 CFR Part 72, as applicable, the attached
Appendix A (Technical Specifications) and Appendix B (Approved Contents and Design Features) for aboveground
systems or the attached Appendix A-100U (Technical Specifications) and Appendix B-100U (Approved Contents and
Design Features) for underground systems, and the conditions specified below:

1. CASK

a, Model No.: HI-STORM 100 Cask System

The HI-STORM 100 Cask System (the cask) consists of the following components: (1) interchangeable multi-
purpose canisters (MPCs); which contain the fuel;(2) a storage overpack (HI-STORM), which contains the
MPC during storage; and (3) a transfer cask (HI-TRAC), which contains the MPC during loading, unloading
and transfer operations. The cask stores up to 32 pressurized water reactor fuel assemblies or 68 boiling
water reactor fuel assemblies.

b. Description

The HI-STORM 100 Cask System is certified as described in the Final Safety Analysis Report (FSAR) and in
the U. S. Nuclear Regulatory Commission's (NRC) Safety Evaluation Report (SER) accompanying the
Certificate of Compliance. The cask comprises three discrete components: the MPC, the HI-TRAC transfer
cask, and the HI-STORM storage overpack.

The MPC is the confinement system for the stored fuel. It is a welded, cylindrical canister with a
honeycombed fuel basket, a baseplate, a lid, a closure ring, and the canister shell. All MPC components that
may come into contact with spent fuel pool water or the ambient environment are made entirely of stainless
steel or passivated aluminum/aluminum alloys such as the neutron absorbers. The canister shell, baseplate,
lid, vent and drain port cover plates, and closure ring are the main confinement boundary components. All
confinement boundary components are made entirely of stainless steel. The honeycombed basket, which
contains neutron absorbing material, provides criticality control.
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1 . b. Description (continued)

There are nine models of MPCs: the MPC-24, MPC-24E, MPC-24EF, MPC-32, MPC-32F, MPC-68, MPC-
68F, MPC-68FF, and MPC-68M. The number suffix indicates the maximum number of fuel assemblies
permitted to be loaded in the MPC. All nine MPC models have the same external diameter.

The HI-TRAC transfer cask provides shielding and structural protection of the MPC during loading, unloading,
and movement of the MPC from the spent fuel pool to the storage overpack. The transfer cask is a multi-
walled (carbon steel/lead/carbon steel) cylindrical vessel with a neutron shield jacket attached to the exterior.
Two sizes of HI-TRAC transfer casks are available: the 125 ton HI-TRAC and the 100 ton HI-TRAC. The
weight designation indicates is the approximate weight of a loaded transfer cask during any loading,
unloading, or transfer operation. Both transfer cask sizes have identical cavity diameters. The 125 ton HI-
TRAC transfer cask has thicker shielding and larger outer dimensions than the 100 ton HI-TRAC transfer cask.

Above Ground Systems

The HI-STORM 100 or 100S storage overpack provides shielding and structural protection of the MPC during
storage. The HI-STORM 100S is a variation of the HI-STORM 100 overpack design that includes a modified
lid which incorporates the air outlet ducts into the lid, allowing the overpack body to be shortened. The
overpack is a heavy-walled steel and concrete, cylindrical vessel. Its side Wall consists of plain (un-reinforced)
concrete that is enclosed between inner and outer carbon steel shells. The overpack has four air inlets at the
bottom and four air outlets at the top to allow air to circulate naturally through the cavity to cool the MPC
inside. The inner shell has supports attached to its interior surface to guide'the' MPC during insertion and
removal, provide a medium to absorb impact loads, and allow cooling air to circulate through the overpack. A
loaded MPC is stored within the HI-STORM 100 or 100S storage overpack in a vertical orientation. The
HI-STORM 100A and 100SA are variants of the HI-STORM.100 family and are outfitted with an extended
baseplate and gussets to enable the overpack to be anchored to the concrete storage pad in high seismic
applications.

Underground Systems

The HI-STORM 100U System is an underground storage system identified with the HI-STORM 100 Cask
System. The HI-STORM 100U storage Vertical Ventilated Module (VVM) utilizes a storage design identified
as an air-cooled vault or caisson. The HI-STORM 1.00U storage VVM relies on vertical ventilation instead of
conduction through the soil, as it is essentiallyia below-grade storage cavity. Air inlets and outlets allow air to
circulate naturally through the cavity to cool the MPC inside. The subterranean steel structure is seal welded
to prevent ingress of any groundwater from the surrounding subgrade, and it is mounted on a stiff foundation.
The surrounding subgrade and a top surface pad provide significant radiation shielding. A loaded MPC is
stored within the HI-STORM 100U storage VVM in the vertical orientation.

2. OPERATING PROCEDURES

Written operating procedures shall be prepared for cask handling, loading, movement, surveillance, and
maintenance. The user's site-specific written operating procedures shall be consistent with the technical basis
described in Chapter 8 of the FSAR.

3. ACCEPTANCE TESTS AND MAINTENANCE PROGRAM

Written cask acceptance tests and maintenance program shall be prepared consistent with the technical basis
described in Chapter 9 of the FSAR. At completion of welding the MPC shell to baseplate, an MPC
confinement weld helium leak test shall be performed using a helium mass spectrometer. This test shall
include the base metals of the MPC shell and baseplate. A helium leak test shall also be performed on the
base metal of the fabricated MPC lid. In the field, a helium leak test shall be performed on the vent and drain
port confinement welds and cover plate base metal. The confinement boundary leakage rate tests shall be
performed in accordance with ANSI N14.5 to "leak-tight" criteria. If a leakage rate exceeding the acceptance
criteria is detected, then the area of leakage shall be determined and the area repaired per ASME Code
Section III, Subsection NB requirements. Re-testing shall be performed until the leakage rate acceptance
criterion is met.
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4. QUALITY ASSURANCE

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

5. HEAVY LOADS REQUIREMENTS

Each lift of an MPC, a HI-TRAC transfer cask, or any HI-STORM overpack must be made in accordance to the
existing heavy loads requirements and procedures of the licensed facility at which the lift is made. A
plant-specific review (under 10 CFR 50.59 or 10 CFR 72.48, if applicable) is required to show operational
compliance with existing plant specific heavy loads requirements. Lifting operations outside of structures
governed by 10 CFR Part 50 must be in accordance with Section 5.5 of Appendix A and Sections 3.4.6 and
3.5 of Appendix B, for above ground systems, section 5.5 of Appendix A-100U for the underground systems.

6. APPROVED CONTENTS

Contents of the HI-STORM 100 Cask System must meet the fuel specifications given in Appendices B for
aboveground systems or B-100U.for underground systems to this certificate.

7. DESIGN FEATURES

Features or characteristics for the:s ite, cask or ancillary equipment must be in accordance with Appendices B
for aboveground systems or B-100..for underground systems to.this certificate.

8. CHANGES TO THE CERTIFICATE:OF COMPLIANCE

The holder of this certificate who desires.to make changes to the certificate, which includes Appendices A and
A-100U (Technical Specifications) and Appendices B ahd.B-100U (Approved Contents and Design Features),
shall submit an application for amendment of the certificate.

9. SPECIAL REQUIREMENTS ýFOR FIRST SYSTEMS'IN PLACE

The air mass flow rate through the cask system will be determined by direct measurements of air velocity in
the overpack cooling passages for the first,.HI-STORM Cask Systems placed into service by any user with an
aggregate heat load equal to or greater than-20, kW., In the aboveground HI-STORM Models (HI-STORM 100,
100S, etc.), the velocity will be measured in the annulus formed between the MPC shell and the overpack
inner shell. In the underground HI-STORM Model (HI-STORM 100U), the velocity will be measured in the
vertical downcomer air passage. An analysis shall be performed that demonstrates the measurements
validate the analytic methods and thermal performance predicted by the licensing-basis thermal models in
Chapter 4 of the FSAR.

Each first time user of a cask supplemental cooling system (SCS) which has not been previously tested and
documented with the NRC shall measure and record coolant temperatures for the inlet and outlet of cooling
provided to the annulus between the HI-TRAC and MPC and the coolant flow rate. (Not applicable to the
MPC-68M). The user shall also record the MPC operating pressure and decay heat. -An analysis shall be
performed, using this information that validates the thermal methods described in the FSAR which were used
to determine the type and amount of supplemental cooling necessary.

Letter reports summarizing the results of each thermal validation tests and SCS validation test and analysis
shall be submitted to the NRC in accordance with 10 CFR 72.4. Cask users may satisfy these requirements
by referencing validation test reports submitted to the NRC by other cask users.
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10. PRE-OPERATIONAL TESTING AND TRAINING EXERCISE

A dry run training exercise of the loading, closure, handling, unloading, and transfer of the
HI-STORM 100 Cask System shall be conducted by the licensee prior to the first use of the system
to load spent fuel assemblies. The training exercise shall not be conducted with spent fuel in the
MPC. The dry run may be performed in an alternate step sequence from the actual procedures, but
all steps must be performed. The dry run shall include, but is not limited to the following:

a. Moving the MPC and the transfer cask into the spent fuel pool or cask loading pool.

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

c. Selection and verification of specific fuel assemblies to ensure type conformance.

d. Loading specific assemblies and placing assemblies into the MPC (using a dummy fuel
assembly), including appropriate independent verification.

e. Remote installation of the MPC lid and removal of the MPC and transfer cask from the spent fuel
pool or cask loading pool.

f. MPC welding, NDE inspections, pressure testing, draining, moisture removal (by vacuum drying
or forced helium dehydration, as applicable), and helium backfilling. (A mockup may be used for
this dry-run exercise.)

g. Operation of the HI-STORM 100 SCS or equivalent system, if applicable.

h. Transfer cask upending/downending on the horizontal transfer trailer or other transfer device, as
applicable to the site's cask handling arrangement.

i. Transfer of the MPC from the transfer cask to the overpack/VVM.

j. Placement of the HI-STORM 100 Cask System at the ISFS!, for aboveground systems only.

k. HI-STORM 100 Cask System unloading, including flooding MPC cavity, removing MPC lid
welds. (A mockup may be used for this dry-run exercise.)

11. The NRC has approved an exemption request by the CoC applicant from the requirements of
10 CFR 72.236(f), to allow a Supplemental Cooling System to provide for decay heat removal in
accordance with Section 3.1.4 of Appendices A and A-100U.
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12. AUTHORIZATION

The HI-STORM 100 Cask System, which is authorized by this certificate, is hereby approved for
general use by holders of 10 CFR Part 50 licenses for nuclear reactors at reactor sites under the
general license issued pursuant to 10 CFR 72.210, subject to the conditions specified by 10 CFR
72.212, this certificate, and the attached Appendices A, B, A-100U, and B-100U, as applicable. The
HI-STORM 100 Cask System may be fabricated and used in accordance with any approved
amendment to CoC No. 1014 listed in 10 CFR 72.214. Each of the licensed HI-STORM 100 System
components (i.e., the MPC, overpack, and transfer cask), if fabricated in accordance with any of the
approved CoC Amendments, may be used with one another provided an assessment is performed
by the CoC holder that demonstrates design compatibility.

FOR THE U. S. NUCLEAR REGULATORY COMMISSION

TBD, Chief
Licensing Branch
Division of Spent Fuel Storage and Transportation
Office of Nuclear Material Safety

and Safeguards
Washington, DC 20555

Dated TBD

Attachments:
1. Appendix A
2. Appendix B
3. Appendix A-100U
4. Appendix B-100U
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LCO Applicability

3.0

3.0.1 SURVEILLANCE REQUIREMENT (SR) APPLICABILITY

SR 3.0.3 When the Surveillance is performed within the delay period and the
(continued) Surveillance is not met, the LCO must immediately be declared not

met, and the applicable Condition(s) must be entered.

SR 3.0.4 Entry into a specified condition in the Applicability of an LCO shall
not be made unless the LCO's Surveillances have been met within
their specified Frequency. This provision shall not prevent entry into
specified conditions in the Applicability that are required to comply
with Actions or that are related to the unloading of an SFSC.

Certificate of Compliance No. 1014
Appendix A

Amendment No. 9
3.0-3
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Multi-Purpose Canister (MPC)

3.1.1

3.1 SFSC INTEGRITY

3.1.1 Multi-Purpose Canister (MPC)

LCO 3.1.1 The MPC shall be dry and helium filled.

Table 3-1 provides decay heat and burnup limits for forced helium
dehydration (FHD) and vacuum drying. FHD is not subject to time
limits. Vacuum drying of the MPC-68M is not subject to time limits.
Vacuum drying, for all other MPCs, is subject to the following time
limits, from the end of bulk water removal until the start of helium
backfill:

MPC Total Decay Heat (Q) (Note 1) Vacuum Drying Time Limit

Q < 2-3-26 kW None

23-26 kW < Q <28.7430 kW 40 hours

Q > 28.7430 kW Not Permitted (see Table 3-1)
Note 1: Maximum storage cell heat load must not exceed MPC heat load limits in the
table divided by number of storage cells.

APPLICABILITY: During TRANSPORT OPERATIONS and STORAGE OPERATIONS.

ACTIONS
------------------------ NOTES -------------------------------
Separate Condition entry is allowed for each MPC.

COMPLETION
CONDITION REQUIRED ACTION TIME

TIME

A. MPC cavity vacuum A.1 Perform an engineering 7 days
drying pressure or evaluation to determine the
demoisturizer exit gas quantity of moisture left in
temperature limit not the MPC.
met.

AND

A.2 Develop and initiate 30 days
corrective actions necessary
to return the MPC to
compliance with Table 3-1.

Certificate of Compliance No. 1014
Appendix A

Amendment No. 9
3.1.1-1
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SFSC Heat Removal System

3.1.2

3.1 SFSC INTEGRITY

3.1.2 SFSC Heat Removal System

LCO 3.1.2 The SFSC Heat Removal System shall be operable

--------------------------- NOTE ---------------------------
The SFSC Heat Removal System is operable when 50% or more of the inlet and outlet
vent areas are unblocked and available for flow or when air temperature requirements
are met.
.....................................................................................................................

APPLICABILITY: During STORAGE OPERATIONS.

ACTIONS
---------------------------------- NOTE---------------------------
Separate Condition entry is allowed for each SFSC.

COMPLETION
CONDITION REQUIRED ACTION TIME

TIME

A. SFSC Heat Removal A.1 Remove blockage. N/A
System operable, but
partially (<50%) blocked.

B. SFSC Heat Removal B.1 Restore SFSC Heat 8 hours
System inoperable. Removal System to

operable status.

C. Required Action B.1 and
associated Completion
Time not met.

Certificate of Compliance No. 1014
Appendix A

C.1 Measure SFSC dose rates
in accordance with the
Radiation Protection
Program.

AND

C.2.1 Restore SFSC Heat
Removal System to
operable status.

Immediately and
once per 12 hours
thereafter

64 hours (Storage
celIMP-G heat
loads < Tables 3-3
or 3-4 limits28.74
k-W)

24 hours (Storage
cellMPG heat
loads > Tables 3-3
or 3-4 limits2&74
kW)

Amendment No. 9
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ATTACHMENT 7 TO LETTER 5014750
SFSC Heat Removal System

3.1.2

COMPLETION
CONDITION REQUIRED ACTION TIME

TIME

C.2.2 Transfer the MPC into a 64 hours (Storage

TRANSFER CASK. cellMP-G heat
loads < Tables 3-3
or 3-4 limits2-874
kW)

24 hours (Storage
celIMPG heat
loads > Tables 3-3
or 3-4 limits28.74
kW)

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.1.2 Verify all OVERPACK inlets and outlets are free 24 hours
of blockage from solid debris or floodwater.

OR
For OVERPACKS with installed temperature 24 hours
monitoring equipment, verify that the difference
between the average OVERPACK air outlet
temperature and ISFSI ambient temperature is
< 1550 F for OVERPACKS containing PWR
MPCs, < 137°F for OVERPACKS containing
BWR MPCs.

Certificate of Compliance No. 1014
Appendix A

Amendment No. 9
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ATTACHMENT 7 TO LETTER 5014750
Supplemental Cooling System

3.1.4

3.1 SFSC INTEGRITY

3.1.4 Supplemental Cooling System

LCO 3.1.4 A supplemental cooling system (SCS) shall be operable

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

APPLICABILITY: This LCO is not applicable to the MPC-68M. For all other MPCs this
LCO is applicable when the loaded MPC is in the TRANSFER CASK
and:

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

AND

b-4-. The MPC contains one or more fuel assemblies with an average
burnup > 45,000 MWD/MTU

AND OR

clb2. The-MPG-MPC backfilled to higher helium backfill limits in
Table 3-2 AND any storage cell decay heat load exceeds 28.74
kW90% of maximum allowabledesign basis storage cell heat load
defined in Appendix B, Section 2.4.1 or 2.4.2 and FSAR Section
2.1.9.1 procedures.

OR

c2. MPC backfilled to lower helium backfill limits in Table 3-2 AND
any storage cell heat load exceeds 90% of storage cell heat load
limits defined in Tables 3-3 or 3-4.

Certificate of Compliance No. 1014
Appendix A

Amendment No. 9
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ATTACHMENT 7 TO LETTER 5014750
MPC Helium kfillCavity Drying Limits

Table 3-1

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

Fuel Burnup Method of Moisture

(MWD/MTU) MPC Heat Load (kW) Removal
(Notes 1 and 2)

5<28.74 3 0 Note 5 (MPC-

All Assermblies <45,000 24/24E/24EF, MPC-32/32F, VOS or FHDMPC-68/68F/68FF)
< 3 6 .9 Note 6 (MPC-68M)

> 2 8 _74 3 0 Note 5 (MPC-
All Assemblies < 45,000 24/24E/24EF, MPC-32/32F, FHD

MPC-68/68F/68FF)
One or more assembliesOn 40 m e< 29 (MPC-68M) VDS (Note 4) or FHD> 45,000

< 3 6 .gNote 6 (MPC-24/24E/24EF/)
One or more assemblies <--3&-9-(MPC-32/32F/)

> 45,000 •<-•469-(MPC-68/68F/68FF/. FHD
-<- (MPC-68M)

Notes:
1, VDS means a vacuum drying system. The acceptance criterion when using a

VDS is MPC cavity pressure shall be < 3 torr for > 30 minutes.

2. FHD means a forced helium dehydration system. The acceptance criterion when
using an FHD system is the gas temperature exiting the demoisturizer shall be
< 21OF for> 30 minutes or the gas dew point exiting the MPC shall be < 22.90 F
for > 30 minutes.

3. C'- 4-,-1 ,A-1- L-4-, I1-.-J- &- -- ,J ;--I. .. J;-- 'tr% 00 IAAI C-- 44-- RAMf- 'nA

21.52 kW for the MPG 68, vVacuum drying of the MPC must be performed with
the annular gap between the MPC and the HI-TRAC filled with water.
For hioher tntal' dcay-; htz;t eai n thiz UPC' 24 ;andl UpC iR o~r for anyv rdec.;w
L- 4- 1- 4 i- rfir-)I'- ')Ar7 RAM,- '1') 44- -

f!. iecr nk ALIa 4ki~ +i ffar ; + *i;ti +i~ 11-r~ +kr. ,-i+ +na~~ +rrra.+ i "e k i •RS1 n = FWO = , ,• ,,, •, .. t ... l " , , i nc.in ,W Li .-.-A w o --U^, q •,fl U-,l,, th i, i M, o ,

4-2-5"F=. For total decay~ heat loads up to and inclu1dino 36.9 kVV for the MPG 68M
Ar un nf +ký ID (' kýn ýrmmtfýr4 - A-ýt-rikýd nk nwý rn of h-

LA Ui..4 L.a i~iUAij Vi~i *.J I Li iU.. lvii

i..ie.i4e.i.r,..ie.A 1. 4+k +ke. .,i~i.,i ie.i~ ,-..-~e. 4.ke. NAflC' ~ Lii TD AC' .IIA .. ,4I-~ ,.i,.,4,-..-

4. The maximum allowable decay heat per fuel storage location is 0.426 kW.

5. Maximum allowable storage cell heat load is 1.25 kW (MPC-24/24E/24EF), 0.937
kW (MC-32/32F) and 0.441 kW (MPC-68/68F/68FF).

6. Maximum allowable heat loads under uniform or regionalized storage defined in
Appendix B, Section 2.4.1 or 2.4.2.

Certificate of Compliance No. 1014
Appendix A

Amendment No. 9
3.4-1
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ATTACHMENT 7 TO LETTER 5014750
MPC Helium Backfill Limits

Table 3-2

Table 3-2
MPC Helium Backfill Limits 1

MPC MODEL

MPC-24/24E/24EF
i. Cask Heat Load < 27.77 kW (MPC-24)

or < 28.17 kW (MPC-24E/EF) -
uniformly distributed per Table 3-4

or
regionalized loading per Table 3-3

ii. Cask Heat Load >27.77 kW (MPC-24)
or > 28.17 kW (MPC-24E/EF) -

uniformly distributed

-or
greater than regionalized heat load

limits per Table 3-3

MPC-68/68F/68FF/68M
i. Cask Heat Load < 28.19 kW -

uniformly distributed per Table 3-4
or

regionalized loading per Table 3-3

ii. Cask Heat Load > 28.19 kW -

uniformly distributed

or

LIMIT

0.1212 +/-10% g-moles/I

OR

_> 29.3 psig and _< 48.5 psig

> 45.5 psig and _< 48.5 psig

0.1218 +/-10% g-moles/I

OR

> 29.3 psig and < 48.5 psig

> 45.5 psig and < 48.5 psig

greater than regionalized heat load
limits per Table 3-3

MPC-32/32F
i. Cask Heat Load < 28.74 kW -

uniformly distributed per Table 3-4 > 29.3 psig and < 48.5 psig
or

regionalized leading per Table 3-3

ii. Cask Heat Load >28.74 kW -

uniformly distributed
or

greater than regionalized heat load
limits per Table 3-3

> 45.5 psig and< 48.5 psig

Helium used for backfill of MPC shall have a purity of > 99.995%. Pressure range is at a
reference temperature of 70°F

Certificate of Compliance No. 1014
Appendix A

Amendment No. 9
3.4-2
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ATTACHMENT 7 TO LETTER 5014750
MPC Helium Backfill Limits

Table 3-3

Table 3-3: Regionalized StorageNote 2 Cell Heat Load Limits

MPC Type Number of Storage Cell Number of Storage Cell
Cells in Inner Heat Load Cells in Outer Heat Load
Region Note 1 (Inner Region) Region Note 1 (Outer Region)

(kW) (kW)
MPC-24 4 1.470 20 0.900

MPC-24E/EF 4 1.540 20 0.900
MPC-32/32F 12 1.131 20 0.600

MPC- 32 0.500 36 0.275
68/68F/68FF

Note 1: The location of MPC-32 and MPC-68 inner and outer region cells are defined in
Appendix B Figures 2.1-3 and 2.1-4 respectively.
The MPC-24 and MPC-24E/EF cell locations are defined below:
Inner Region Cell numbers 9,10,15, 16 in Appendix B Figures 2.1-1 and 2.1-2
respectively.
Outer Region Cell numbers 1-8,11-14,17-24
in Appendix B Figures 2.1-1 and 2.1-2 respectively.

Note 2: The storage cell regionalization is defined in Note 1 in accordance with safety
analyses under the heat load limits of this Table.

Table 3-4: Uniform Storage Cell Heat Load Limits

MPC Type Heat Load (kW)
MPC-24 1.157

M PC-24E/EF 1.173
MPC-68/68F/68FF 0.414

MPC-32 0.898

Certificate of Compliance No. 1014
Appendix A

Amendment No. 9
3.4-3
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ATTACHMENT 7 TO LETTER 5014750
Multi-Purpose Canister (MPC)

3.1.1

3.1 SFSC INTEGRITY

3.1.1 Multi-Purpose Canister (MPC)

LCO 3.1.1 The MPC shall be dry and helium filled.

Table 3-1 provides decay heat and burnup limits for forced helium
dehydration (FHD) and vacuum drying. FHD is not subject to time
limits. Vacuum drying is subject to the following time limits, from
the end of bulk water removal until the start of helium backfill:

MPC Total Decay Heat (Q) (Note 1) Vacuum Drying Time Limit

Q < 2-3-26 kW None

23-26 kW < Q <284.430 kW 40 hours

Q > 28-7430 kW Not Permitted (see Table 3-1)

Note 1: Maximum storage cell heat load must not exceed MPC heat load limits in the
table divided by number of storage cells.

APPLICABILITY: During TRANSPORT OPERATIONS and STORAGE OPERATIONS.

ACTIONS
------------------------ NOTES -------------------------------
Separate Condition entry is allowed for each MPC.

COMPLETION

CONDITION REQUIRED ACTION TIME
TIME

A. MPC cavity vacuum A.1 Perform an engineering 7 days
drying pressure or evaluation to determine the
demoisturizer exit gas quantity of moisture left in
temperature limit not the MPC.
met.

AND

A.2 Develop and initiate 30 days
corrective actions necessary
to return the MPC to
compliance with Table 3-1.

Certificate of Compliance No. 1014
Appendix A-1 OOU

Amendment No. 9
3.1.1-1
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ATTACHMENT 7 TO LETTER 5014750
Supplemental Cooling System

3.1.4

3.1 SFSC INTEGRITY

3.1.4 Supplemental Cooling System

LCO 3.1.4 A supplemental cooling system (SCS) shall be operable

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

APPLICABILITY: This LCO is applicable when the loaded MPC is in the TRANSFER
CASK and:
a. Within 4 hours of the completion of MPC drying operations in
accordance with LCO 3.1.1 or within 4 hours of transferring the MPC
into the TRANSFER CASK if the MPC is to be unloaded

AND

b4-. The MPC contains one or more fuel assemblies with an average
burnup > 45,000 MWD/MTU

AND OR

clb2. The-MPGMPC backfilled to higher helium backfill limits in
Table 3-2 AND any storage cell decay heat load exceeds 2-874
kW90% of maximum allowabledesi,•,basis storage cell heat load
defined in Appendix B, Section 2.4.1 or 2.4.2 and FSAR Section
2.1.9.1 procedures.

OR

c2. MPC backfilled to lower helium backfill limits in Table 3-2 AND
any storage cell heat load exceeds 90% of storage cell heat load
limits defined in Tables 3-3 or 3-4.

Certificate of Compliance No. 1014
Appendix A-100U

Amendment No. 9
3.1.4-1
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ATTACHMENT 7 TO LETTER 5014750
MPC Helium-BEarG4fi lCavity Drying Limits

Table 3-1

Table 3-1
MPC Cavity Drying Limits

Fuel Burnup Method of Moisture
Fuel BruMPC Heat Load (kW) Removal

(Notes I and 2)
< 2_9_3 0 Note 4 (MPC-

24/24 E/E F/32/32F/68/68

All Assemblies < 45,000 2 F/68FF) -Dn or '
26 30 (MPC 63)

> 2 _30 aote 4 (MPC-

24/24E/24E F/)

All Assemblies < 45,000 >-26- MPC-32/32F/-) FHD
> 26-MPC-68/68F/68FF)

< 36.9 (MPC-One or more assemblies 24/24E/24EF/32/32F/68/ FHD
45,000 68F/68FF)aote 5

Notes:

1, VDS means a vacuum drying system. The acceptance criterion when using a
VDS is the MPC cavity pressure shall be < 3 torr for > 30 minutes.

2, FHD means a forced helium dehydration system. The acceptance criterion when
using an FHD System is the gas temperature exiting the demoisturizer shall be
< 21°F for > 30 minutes or the gas dew point exiting the MPC shall be < 22.90 F
for > 30 minutes.

3. For total decay heat loads up to and including 20.88 kVV for the MPC 24 and
221.5^2 ,, , for theC 68G , ''vVacuum drying of the MPC must be performed with
the annular gap between the MPC and the HI-TRAC filled with water F-e higher
4•- + 1 Al ,•• k,,,,-+ i, -•-e A r ; -Lt, h/Imrt "), 0,, 4:llt" -Q• f, , .4--- , L• ÷I,--+1 - ;-

;;n NPC: ?AF= Pr M PC' 2? thP;ann-';4r n;n miii ho 'ninnul flu uQhper With

WAeirP 1A.Wn srtriciGenR nowA to kppn tnem exi w~tzr te-moerati re belowA 125 1=.
... . r- ..... r-

4. Maximum allowable storage cell heat load is 1.25 kW (MPC-24/24E/24EF), 0.937
kW (MC-32/32F) and 0.441 kW (MPC-68/68F/68FF).

5. Maximum allowable heat loads under uniform or regionalized storage defined in
Appendix B, Section 2.4.1 or 2.4.2.

Certificate of Compliance No. 1014
Appendix A-100U

Amendment No. 9
3.4-1
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ATTACHMENT 7 TO LETTER 5014750
MPC HeIum BakflCavity Drying Limits

Table 3-1

Table 3-2
MPC Helium Backfill Limits 1

MPC MODEL LIMIT

MPC-24/24E
i. Cask Heat Load < 27.77 kW (MPC-24)

or < 28.17 kW (MPC-24E) -
uniformly distributed per Table 3-4

or
regionalized loading per Table 3-3

ii. Cask Heat Load >27.77 kW (MPC-24)
or > 28.17 kW (MPC-24E) -

uniformly distributed
or

greater than regionalized heat load
limits per Table 3-3

MPC-32
i. Cask Heat Load < 28.74 kW -

uniformly distributed per Table 3-4
or

regionalized loading per Table 3-3

ii. Cask Heat Load >28.74 kW -

uniformly distributed
or

greater than regionalized heat load
limits per Table 3-3

MPC-68
i. Cask Heat Load < 28.19 kW -

uniformly distributed per Table 3-4
or

regionalized loading per Table 3-3

ii. Cask Heat Load > 28.19 kW-
uniformly distributed

or
greater than regionalized heat load

limits per Table 3-3

0.1212 +/-10% g-moles/I
OR

> 29.3 psig and <48.5 psig

> 45.5 psig and <48.5 psig

> 29.3 psig and <48.5 psig

> 45.5 psig and <48.5 psig

0.1218 +/-10% g-moles/l
OR
> 29.3 psig and < 48.5 psig

> 45.5 psig and < 48.5 psig

Helium used for backfill of MPC shall have a purity of > 99.995%. Pressure range is at a
reference temperature of 70°F

Certificate of Compliance No. 1014
Appendix A-1 OOU

Amendment No. 9
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ATTACHMENT 7 TO LETTER 5014750
MPC Helium BafiCavity Drying Limits

Table 3-1

Table 3-3: Regionalized StorageNote 2 Cell Heat Load Limits

MPC Type Number of Storage Cell Number of Storage Cell
Cells in inner Heat Load Cells in Outer Heat Load
Region"Note- (Inner Region) Region Note 1 (Outer Region)

(kW) (kW)
MPC-24 4 1.470 20 0.900

MPC-24E/EF 4 1.540 20 0.900
MPC-32/32F 12 1.131 20 0.600

MPC- 32 0.500 36 0.275
68/68F/68FF

Note 1: The location of MPC-32/32F and MPC-68/68F/68FF inner and outer r
are defined in Appendix B Figures 2.1-3 and 2.1-4 respectively.
The MPC-24 and MPC-24E/24EF cell locations are defined below:
Inner Region Cell numbers 9,10.15,16 in Appendix B Figures 2.1-1 and 2.1-2
respectively.
Outer Region Cell numbers 1-8,11-14,17-24
in Appendix B Figures 2.1-1 and 2.1-2 respectively.

egion cells

Note 2: The storage cell regionalization is defined in Note 1 in accordance with safety
analyses under the heat load limits of this Table.

Table 3-4: Uniform Storage Cell Heat Load Limits

MPC Type Heat Load (kW)
MPC-24 1.157

MPC-24E/EF 1.173
MPC-68/68F/68FF 0.414

MPC-32/32F 0.898

Certificate of Compliance No. 1014
Appendix A-1 OOU

Amendment No. 9
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ATTACHMENT 8 TO LETTER 5014750
Design Features

3.0

DESIGN FEATURES (continued)

3.4 Site-Specific Parameters and Analyses (continued)

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

8. LOADING OPERATIONS, TRANSPORT OPERATIONS, and
UNLOADING OPERATIONS shall only be conducted with working area
ambient temperatures > 0' F.

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

10. Users shall establish procedural and/or mechanical barriers to ensure that
during LOADING OPERATIONS and UNLOADING OPERATIONS, either
the fuel cladding is covered by water, or the MPC is filled with an inert gas.

11. Site ambient temperature under HI-TRAC TRANSPORT OPERATIONS
shall be evaluated in accordance with Section 3.9 requirements.

(continued)

Certificate of Compliance No. 1014 Amendment No. 9
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ATTACHMENT 8 TO LETTER 5014750
Design Features

3.0

DESIGN FEATURES (continued)

3.7 Supplemental Cooling System

3.7.1 System Description

A supplemental cooling system (SCS) is an external system for cooling
the MPC inside the HI-TRAC transfer cask during on-site transport. Use of
an SCS for MPC-68M is not required. Use of an SCS is required for post-
backfill HI-TRAC operations of an MPC containing one or more high
burnup (> 45,000 MWD/MTU) fuel assemblies e-G-and MP-G-storage cell
with& heat loads in excess of 28.74kW90% of maximum permissibledeS-gR
4asis storage cell heat loads defined in ApP8,4dX-B•-Section 2.4-2 under
higher helium backfill limits in Table 3-2 of Appendix A or 90% of heat load
limits in Tables 3-3 or 3-4 of Appendix A under lower helium backfill limits
in Table 3-2 of Appendix A.- The SCS shall be designed for normal
operation (i.e., excluding startup and shutdown ramps) in accordance with
the criteria in Section 3.7.2.

3.7.2 Design Criteria

3.7.2.1 Not Used.

3.7.2.2 If water is used as the coolant, the system shall be sized to limit
the coolant temperature to below 180OF under steady-state
conditions for the design basis heat load at an ambient air
temperature of 1 100'F. Any electric motors shall have a backup
power supply for uninterrupted operation.

3.7.2.3 The system shall utilize a contamination-free fluid medium in
contact with the external surfaces of the MPC and inside surfaces
of the HI -TRAC transfer cask to minimize corrosion.

3.7.2.4 All passive components such as tubular heat exchangers,
manually operated valves and fittings shall be designed to
applicable standards (TEMA, ANSI).

3.7.2.5 The heat dissipation capacity of the SCS shall be equal to or
greater than the minimum necessary to ensure that the peak
cladding temperature is below 4000C (7520 F). All heat transfer
surfaces in heat exchangers shall be assumed to be fouled to the
maximum limits specified in a widely used heat exchange
equipment standard such as the Standards of Tubular Exchanger
Manufacturers Association.

3.7.2.6 The coolant utilized to extract heat from the MPC shall be high
purity water or air. Antifreeze may be used to prevent water from
freezing if warranted by operating conditions. (continued)
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ATTACHMENT 8 TO LETTER 5014750
Design Features

3.0

DESIGN FEATURES (continued)

3.8 Combustible Gas Monitoring During MPC Lid Welding and Cutting

During MPC lid-to-shell welding and cutting operations, combustible gas
monitoring of the space under the MPC lid is required, to ensure that there
is no combustible mixture present.

3.9 Environmental Temperature Requirements

Short term operations involving the HI-TRAC transfer cask can be carried out on
the basis of the safety evaluation in the FSAR if the reference ambient
temperature (three day average around the cask) is below the "Threshold
Temperature" defined in the FSAR. The "threshold temperature" is defined in
FSAR Table 2.2.2 as 110 deg. F ambient temperature applicable during HI-
TRAC transfer operations inside the part 50 structural boundary and 90 deg, F
outside of it. The determination of the Threshold Temperature compliance shall
be made based on the best available thermal data for the site.

If the reference ambient temperature exceeds the corresponding Threshold
Temperature then a site specific analysis using the methodology set down in
Section 4.5 of the FSAR shall be performed using the actual heat load and
reference ambient temperature equal to the three day average to ensure that the
steady state peak fuel cladding temperature will remain below the FSAR Table
2.2.3 limit. If the peak fuel cladding temperature exceeds Table 2.2.3 limit then
the operation of a Supplemental Cooling System (SCS) in accordance with LCO
3.1.4 is mandatory.

SCS operation is mandatory if site data is not available or if a user elects to
deploy Supplemental Cooling in lieu of site ambient temperature evaluation.
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ATTACHMENT 8 TO LETTER 5014750
Design Features

3.0

DESIGN FEATURES (continued)

3.7 Supplemental Cooling System

3.7.1 System Description

A supplemental cooling system (SCS) is a water circulation system for
cooling the MPC inside the HI-TRAC transfer cask during on-site
transport. Use of an SCS is required for post-backfill HI-TRAC operations
of an MPC containing one or more high burnup (> 45,000 MWD/MTU) fuel
assemblies ando MP-G-storage cell withe heat loads in excess of 90% of
maximum permissible storage cell -heat loads defined in FSAR Section
2.!.9.Appendix B, Section 2.4.--2 under higher helium backfill limits in Table
3-2 of Appendix A or 90% of heat load limits in Tables 3-3 or 3-4 of
Appendix A under lower helium backfill limits in Table 3-2 of Appendix
A!-2.744kW.- The SCS shall be designed for normal operation (i.e.,
excluding startup and shutdown ramps) in accordance with the criteria in
Section 3.7.2.

3.7.2 Design Criteria

3.7.2.1 Not Used.

3.7.2.2 If water is used as the coolant, the system shall be sized to limit
the coolant temperature to below 180'F under steady-state
conditions for the design basis heat load at an ambient air
temperature of 1 1001F. Any electric motors shall have a backup
power supply for uninterrupted operation.

3.7.2.3 The system shall utilize a contamination-free fluid medium in
contact with the external surfaces of the MPC and inside surfaces
of the HI -TRAC transfer cask to minimize corrosion.

3.7.2.4 All passive components such as tubular heat exchangers,
manually operated valves and fittings shall be designed to
applicable standards (TEMA, ANSI).

3.7.2.5 The heat dissipation capacity of the SCS shall be equal to or
greater than the minimum necessary to ensure that the peak
cladding temperature is below 4000C (7520 F). All heat transfer
surfaces in heat exchangers shall be assumed to be fouled to the
maximum limits specified in a widely used heat exchange
equipment standard such as the Standards of Tubular Exchanger
Manufacturers Association.

3.7.2.6 The coolant utilized to extract heat from the MPC shall be high
purity water or air. Antifreeze may be used to prevent water from
freezing if warranted by operating conditions.
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Design Features

3.0

3.11 Environmental Temperature Requirements

Short term operations involving the HI-TRAC transfer cask can be carried out on the
basis of the safety evaluation in the FSAR if the reference ambient temperature (three
day average around the cask) is below the "Threshold Temperature" defined in the
FSAR. The "threshold temperature" is defined in FSAR Table 2.2.2 as 110 deg. F
ambient temperature applicable during HI-TRAC transfer operations inside the part 50
structural boundary and 90 deg. F outside of it. The determination of the Threshold
Temperature compliance shall be made based on the best available thermal data for the
site.

If the reference ambient temperature exceeds the corresponding Threshold
Temperature then a site specific analysis using the methodology set down in Section
4.5 of the FSAR shall be performed using the actual heat load arid reference ambient
temperature equal to the three day average to ensure that the steady state peak fuel
cladding temperature will remain below the FSAR Table 2.2.3 limit. If the peak fuel
cladding temperature exceeds Table 2.2.3 limit then the operation of a Supplemental
Cooling System (SCS) in accordance with LCO 3.1.4 is mandatory.

SCS operation is mandatory if site data is not available or if a user elects to deploy
Supplemental Cooling in lieu of site ambient temperature evaluation.
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U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Document ID 5014750
Non-Proprietary Attachment 11

AFFIDAVIT PURSUANT TO 10 CFR 2.390

I, P. Stefan Anton, being duly sworn, depose and state as follows:

(1) I have reviewed the information described in paragraph (2) which is sought to
be withheld, and am authorized to apply for its withholding.

(2) The information sought to be withheld are Attachments 9 and 10 to Holtec
Letter 5014750, which contain Holtec Proprietary information.

(3) In making this application for withholding ofproprietary information ofwhich it
is the owner, Holtec International relies upon the exemption from disclosure set
forth in the Freedom of Information Act ("FOIA"), 5 USC Sec. 552(b)(4) and
the Trade Secrets Act, 18 USC Sec. 1905, and NRC regulations 1 OCFR Part
9.17(a)(4), 2.390(a)(4), and 2.390(b)(1) for "trade secrets and commercial or
financial information obtained from a person and privileged or confidential"
(Exemption 4). The material for which exemption from disclosure is here sought
is all "confidential commercial information", and some portions also qualify
under the narrower definition of "trade secret", within the meanings assigned to
those terms for purposes of FOIA Exemption 4 in, respectively, Critical Mass
Energy Project v. Nuclear Regulatory Commission, 975F2d871 (DC Cir. 1992),
and Public Citizen Health Research Group v. FDA, 704F2d1280 (DC Cir.
1983).
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Non-Proprietary Attachment 11

AFFIDAVIT PURSUANT TO 10 CFR 2.390

(4) Some examples of categories of information which fit into the definition of
proprietary information are:

a. Information that discloses a process, method, or apparatus, including
supporting data and analyses, where prevention of its use by Holtec's
competitors without license from Holtec International constitutes a
competitive economic advantage over other companies;

b. Information which, if used by a competitor, would reduce his expenditure
of resources or improve his competitive position in the design,
manufacture, shipment, installation, assurance of quality, or licensing of a
similar product.

c. Information which reveals cost or price information, production,
capacities, budget levels, or commercial strategies of Holtec International,
its customers, or its suppliers;

d. Information which reveals aspects of past, present, or future Holtec
International customer-funded development plans and programs of
potential commercial value to Holtec International;

e. Information which discloses patentable subject matter for which it may be
desirable to obtain patent protection.

The information sought to be withheld is considered to be proprietary for the
reasons set forth in paragraphs 4.a, 4.b and 4.e above.

(5) The information sought to be withheld is being submitted to the NRC in
confidence. The information (including that compiled from many sources) is of
a sort customarily held in confidence by Holtec International, and is in fact so
held. The information sought to be withheld has, to the best of my knowledge
and belief, consistently been held in confidence by Holtec International. No
public disclosure has been made, and it is not available in public sources. All
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AFFIDAVIT PURSUANT TO 10 CFR 2.390

disclosures to third parties, including any required transmittals to the NRC, have
been made, or must be made, pursuant to regulatory provisions or proprietary
agreements which provide for maintenance of the information in confidence. Its
initial designation as proprietary information, and the subsequent steps taken to
prevent its unauthorized disclosure, are as set forth in paragraphs (6) and (7)
following.

(6) Initial approval of proprietary treatment of a document is made by the manager
of the originating component, the person most likely to be acquainted with the
value and sensitivity of the information in relation to industry knowledge.
Access to such documents within Holtec International is limited on a "need to
know" basis.

(7) The procedure for approval of external release of such a document typically
requires review by the staff manager, project manager, principal scientist or
other equivalent authority, by the manager of the cognizant marketing function
(or his designee), and by the Legal Operation, for technical content, competitive
effect, and determination of the accuracy of the proprietary designation.
Disclosures outside Holtec International are limited to regulatory bodies,
customers, and potential customers, and their agents, suppliers, and licensees,
and others with a legitimate need for the information, and then only in
accordance with appropriate regulatory provisions or proprietary agreements.

(8) The information classified as proprietary was developed and compiled by Holtec
International at a significant cost to Holtec International. This information is
classified as proprietary because it contains detailed descriptions of analytical
approaches and methodologies not available elsewhere. This information would
provide other parties, including competitors, with information from Holtec
International's technical database and the results of evaluations performed by
Holtec International. A substantial effort has been expended by Holtec
International to develop this information. Release of this information would
improve a competitor's position because it would enable Holtec's competitor to
copy our technology and offer it for sale in competition with our company,
causing us financial injury.
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(9) Public disclosure of the information sought to be withheld is likely to cause
substantial harm to Holtec International's competitive position and foreclose or
reduce the availability of profit-making opportunities. The information is part of
Holtec International's comprehensive spent fuel storage technology base, and its
commercial value extends beyond the original development cost. The value of
the technology base goes beyond the extensive physical database and analytical
methodology, and includes development of the expertise to determine and apply
the appropriate evaluation process.

The research, development, engineering, and analytical costs comprise a
substantial investment of time and money by Holtec International.

The precise value of the expertise to devise an evaluation process and apply the
correct analytical methodology is difficult to quantify, but it clearly is
substantial.

Holtec International's competitive advantage will be lost if its competitors are
able to use the results of the Holtec International experience to normalize or
verify their own process or if they are able to claim an equivalent understanding
by demonstrating that they can arrive at the same or similar conclusions.

The value of this information to Holtec International would be lost if the
information were disclosed to the public. Making such information available to
competitors without their having been required to undertake a similar
expenditure of resources would unfairly provide competitors with a windfall,
and deprive Holtec International of the opportunity to exercise its competitive
advantage to seek an adequate return on its large investment in developing these
very valuable analytical tools.
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STATE OF NEW JERSEY )
) ss:

COUNTY OF BURLINGTON )

P. Stefan Anton, being duly sworn, deposes and says:

That he has read the foregoing affidavit and the matters stated therein are true and

correct to the best of his knowledge, information, and belief.

Executed at Marlton, New Jersey, this 17 th day of April, 2013.

P. Stefan Anton
Acting Licensing Manager

Holtec International

Subscribed and sworn before me this day of _2013.

MANlAC. MROTARYv PIJ•EUL OF NEW JERSEY
Mv Conwssion ExpiresAprit 25, 2015
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