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Attention: Document Control Desk

Subject: Submittal of Revised FSAR Section 11.2.12.4.2 for the NAC Response to a Telecon
Request for the Proposed Amendment of the Certificate of Compliance (CoC) for the
NAC-UMS® Universal Storage System to Incorporate Enhanced Design Features

Docket No. 72-1015

References: 1. Certificate of Comé)liance (CoC) No. 1015, Amendment 2, for the NAC
International UMS® Universal Storage System, U.S. Nuclear Regulatory
Commission, December 31, 2001

2. Final Safety Analysis Report (FSAR) for the UMS?® Universal Storage System,
Amendment 2, NAC International, January 2002

3. Request for an Amendment of the Certificate of Compliance (CoC) for the NAC-
UMS® Universal Storage System to Incorporate Enhanced Design Features, NAC
International, January 15, 2002

4. Request for Additional Information for the UMS® Universal Storage System, U.S.
Nuclear Regulatory Commission, May 5, 2002

5. Submittal of NAC Responses to the NRC Request for Additional Information for
the Proposed Amendment of the Certificate of Compliance (CoC) for the NAC-
UMS® Universal Storage System to Incorporate Enhanced Design Features, NAC
International, July 3, 2002

6. Telecon between NRC and NAC, August 1, 2002

NAC International (NAC) herewith submits eight copies of the response to the requested clarification -
(Reference 6) resulting from the NRC review of the NAC request to Incorporate Enhanced Design
Features in the NAC-UMS® Universal Storage System.

This submittal provides the revised FSAR Section 11.2.12.4.2, Analysis of Canister and Basket for
BWR Configurations. Pages 11.2.12-44 through 11.2.12-46 of the NAC-UMS® Final Safety
Analysis Report (FSAR) are provided as changed pages, which are designated as Revision UMSS-
02E. Note: the enclosed changed pages are to be inserted as replacement pages into the existing E-
UMS SAR binder.
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The Revision UMSS-02E changed pages have been prepared in accordance with the following
conventions:

o The changed pages for this submittal are designated as Revision UMSS-02E to provide a unique
identification of the pages and changes.

e Revision bars are used in the page margin to indicate changes. All previous revision bars on the
Revision UMSS-02E pages have been deleted, so that only the revisions associated with this
amendment request are marked on those pages. Revision bars are not used to indicate text flow.

e All of the pages in the List of Effective Pages are designated Revision UMSS-02E, but no
revision bars are used on those pages.

If you have any comments or questions, please contact me directly at (678) 328-1321.

Sincerely,

JC

Thomas C. Thompson
Director, Licensing
Engineering & Design Services

Enclosures
cc: (w/o enclosures)

Paul Plante (MY)

Tom Williamson (MY)
Brian Hansen (APS)
Glenn Michael (APS)
David Jones (DE)
Keith Waldrop (DE)
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NAC-UMSS
Docket # 71-1015

NAC INTERNATIONAL RESPONSE
TO
TELECON ISSUE FOR NAC-UMS® (E-UMS)

CHAPTER 11: ACCIDENT ANALYSIS

Section 11.2.12.4.2

11-1 In FSAR Section 11.2.12.4.2, there is no specific mention on how the FA
weight is included in the analysis. Please review and revise the section, as
appropriate, to clarify how the FA weight was included in the present
analysis and that the increased FA weight is bounded.

NAC Response

The E-UMS FSAR Section 11.2.12.4.2 has been revised to state that the pressure load
applied to the support disk slots represents the combined weight of the BWR fuel
assemblies, fuel tubes and aluminum heat transfer disks multiplied by 30g. It is also
stated that the BWR fuel assembly weight is 702 pounds.

The E-UMS FSAR Section 3.4.4 has been reviewed, and it has been determined that no
additional revision is required. It is stated in the table in Section 3.4.4.1 that the heaviest
loaded canister corresponding to the BWR Class 5, is used in the canister analysis.
Tables 3.4.4.1-1 through 3.4.4.1-10 (canister stresses) have been revised due to changes
of component weights and temperatures (see Response to RAI 3-2 sent on 07/03/2002).

Page 2 of 2
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Table 11.2.12.4.1-8  Summary of Support Disk Buckling Evaluation for Tip-Over Condition -
PWR Disk No. 5 - 26.28° Drop Orientation

4

‘Section P Per |« Py M .| Mp |- Mm’

| Number |- (kip): .| (kip) |.. (kip) [ (in-kip).| (in-kip) | (in-kip) ‘MS1 |- .MS2
61 : 7.80 44.18 3891..|-.6.74 851 .| 8.18. .0.10 0.15
58 5.69 51.79 4378 | 8.66 10.94 10.67 0.23 025
82 7.52 4376 | 38.54 478 °|° 843 | 8.10 044 ‘|’ 048
18 13.04 51.79 43.78 490 10.94 1067 |- 051 ‘| 048
43 1.95 51.79 43.78 7.62 10.94 10.67 0.54 0.58

16 12.97 50.82 42.93 4.24 10.73 10.47 062 |- 057 -
79 3.00 50.82 | 4293 6.74 10.73 10.47 0.63 0.66
60 7| 5.66° 50.82 4293|596 | 1073 | 1047 | '0.65 0.66
63' | 778 | 74376 | 38.54 | 3.66--|°843 |[:°810 :{ 073 . 0.75°
55 092 " | 44.18. | 3891 | .524: | . 851 .| -,8.18 [:-0.76..]-:-0.83
64 2.18 50.82 42.93 6.29 10.73 1047 0.79 0.83
.3 | .740 :50.82 | 4293, -] 4.69 10.73 | 1047 - 0.86 . 0.84
46 | 1.85 83.64 64.39 1437 .| 24.15 .| 24.15 | 0.89 0.88

30 ~ 7.60 87.05 67.05 12.10 25.14 | 25.14 1.00 092 -

" 19 ¢ 378 “| -81.50 |- 6270 | -11.51 '|-23.51 |[-23.51 |- 1.15 ©1.10 7
- 48 - |° 1.80 " | -81.50 62.70: . 12.01°-| 23.51 |72351(-"1.19°"|. 1.17 _

.6 1 | 246 | 81.50° |.6270 | 1123 [ 2351 f 2351-] 129 .| -125..
.45 191 |-5082 .| 4293 |. 478 -| 1073 .| 1047 .| .1.34 1.37
21 "3.89 83.64 64.39 10.16 | 24.15 24.15 1.47 1.40
24 6.92 44.18 38.91 2.31 8.51 8.18 1.46 145
67 1.00 81.50 62.70 10.37 23.51 23.51 1.58 1.57
33 195 |-.50.82 | 4293 |% '4.25 [ -10.73 | °1047 '} ~1.59: :|  1.63

] -84 < 749. | -44.18 | .-3891.-|:~1.82v~|.:851, | <8.18 .| 1.73 - 1.67 .
- 39 219 25179 .| 43.78- 4.04-. | .1094-| 1067 ..| - .1.72, 1.75 .
17 .| 13.00.| 5132 | 4337_.].079 | 10.84 .| -10.58 .[ .2.13 1.77
1 7.33 51.79 43.78 241 1094 | 1067 | 195 | 1.82

81 | 297 | 5179 43.78 | ~3.61 | *10.94 '10.67 ©1.88 *| 188 °*
377 2.13 |#50.82 | 429371324 | 1073 7| -1047 |- 2.26 12.27

4 2.35 83.64 64.39 7.60 24.15 24.15 237 .| 230~
66 2.15 51.79 43.78 3.25 10.94 10.67 2.31 2.33

. M. J- R TS R I_ B . ST, L . . S D P Lo S
Note: See Figure 11.2.12.4.1-2 for disk location and Figure 11.2.12.4.1-7 for section locations. .
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11.2.124.2 Analysis of Canister and Basket for BWR Configurations

Five three-dimensional models of the BWR canister and fuel basket are evaluated for the cask tip-
over event. Each model corresponds to a different fuel basket drop orientation. For the BWR fuel
configuration, fuel basket drop orientations of 0°, 31.82°, 49.46°, 77.92°, and 90° are evaluated, as
shown in Figure 11.2.12.4.2-1. Three-dimensional half-symmetry models are used for the basket
drop orientations of 0° and 90°. Three-dimensional full-models are used for the basket orientations
of 31.82°, 49.46° and 77.92°.

Model Description

The models used for the evaluation of the canister and basket for BWR configuration are similar to
those used for the PWR (Section 11.2.12.4.1). The three-dimensional model used for the basket
drop orientation of 31.82° is presented in Figure 11.2.12.4.2-2 and Figure 11.2.12.4.2-3.

The same modeling and analysis techniques described for the PWR model (see Section 11.2.12.4.1)
are used for the BWR models. Loading of the BWR models includes an internal pressure of 15
psig (design pressure for normal condition of storage) applied to the inner surfaces of the canister,
pressure loads applied to the support disk slots and the inertial loads. The pressure load applied to
the support disk slots represents the combined weight of the BWR fuel assemblies, fuel tubes and
aluminum heat transfer disks multiplied by 30g. Note that the BWR fuel assembly weight is 702
pounds.

For the inertial loads, a maximum acceleration of 30g is conservatively applied to the entire model.
As shown in Section 11.2.12.3.2, the maximum acceleration of the concrete cask steel liner at the
locations of the top support disk and the top of the canister structural lid during the tip-over event is
determined to be 25.3g and 29.0g, respectively. Using the same method described in Section
11.2.12.4.1 for the PWR models, the DLF for the acceleration at the top support disk is computed
to be 1.09. Applying the DLF to the 25.3g results in a peak acceleration of 27.7g for the top
support disk.

The dominant resonance frequencies and corresponding modal mass participation factors from the
finite element modal analyses of the BWR support disk are:
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The mode shapes for these frequenc1es are shown in Flgures 11.2.12.4.2-5 through 11 2.12.4.2-7.
The dlsplacement deprcted in these ﬁgures is highly exaggerated by the ANSYS program in otder
to illustrate the modal shape. The stresses associated with the actual dlsplacement are shown in
Tables 11.2.12.4.2-4 through 11.2.12.4.2-8.

‘The DLFs for the canister lldS are con51dered to be umty smce the \11ds have srgmﬁcant m-plane
strffness and are consrdered to be ng1d Therefore, applymg 30g to the ent1re camster/basket model
is con‘s_e‘rvzatrve

A umform temperature of 75°F is apphed to the ‘model to deterrmne materlal propertres durmg
solution. During post processing for the support disk, temperature distribution with a miaximum
.temperature of 700°F (at the center) and a minimum temperature of 400°F (at the outer edge) are
_conservatively used to determine the allowable stresses.” A eonst_ant temperature of 500° is used for

ithe canister to determine the allowable stresses.” These temperatures are the bounding temperatures
-for the normal, off-normal and accident conditions of storage. = - . o _—

. .
N - . ¥
; . . ; =,

,Analvsrs Results for Canister e T s e e PRV

The sectional stresses at 13 ax1a1 locations of the canister are obtained for each angular division of
the model (a total of 80 angular locations for the full-models and a total of 41 angular locations for
the hélf-syminetry models). The locations for the stréss sections are shown in Figure 11.2.12.4.1-6.

The same stress allowables used in the evaluation of the PWR canister (see Sectlon 11.2. 12 4.1) are
used in evaluating the BWR canister. X T RS
-y ot et . - LIRS TN

The - pnmary membrane and primary membrane plus bendmg stresses for the BWR conﬁguratlon

for a 49.46° basket drop orientation are summanzed in Table 11.2.12.4.2-1 and Table 11.2.12. 4.2-2,
respectively. The stress_results of the canister are s1rmlar for all ﬁve models. ; Only the 49 46°

basket drop orientation results are presented for the canister because thls drop orientation generates

.the minimum margin of safety in the canister. ; The stress evaluation results for tip-over accident
- conditions show that the minimum margin of safety in the canister for BWR configurations is +0.35

for Py, (Section 10) and +0.46 for Py +P}, (Section :10). SR ot : '

(VIR 4
L .
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Analysis Results for Support Disks

To evaluate the most critical regions of the support disk, a series of cross sections are considered.
To aid in the identification of these sections, Figure 11.2.12.4.2-4 shows the locations on a support
disk for the full-models. Table 11.2.12.4.2-3 lists the cross-sections with their end point locations
(Point 1 and Point 2), which spans the cross section of the ligament in the plane of the support disk.
Note that a local coordinate system (x and y paralle] to the support disk ligaments) is used for the

stress evaluation.

The stress evaluation for the support disk is performed according to ASME Code, Section III,
Subsection NG. The allowable stresses for each section are determined based on the temperature of
the support disk at the section location. The temperature distribution of the disk is determined by a
thermal conduction solution for a single disk with a temperature of 700°F specified at the center of
the disk and a temperature of 400°F specified at the outer edge of the disk as boundary conditions.
These temperatures are bounding temperatures for the normal, off-normal and accident conditions

of storage.

The highest stress occurs at the 5™ support disk. The stress evaluation results for the 5% support
disk are summarized in Table 11.2.12.4.2-4 for the five basket drop orientations evaluated. As
shown 1n Table 11.2.12.4.2-4, the 77.92° drop orientation case generates the minimum margin of
safety in the support disk; therefore, the Py, and Py, + P, stress intensities for the 77.92° basket drop
orientation case are presented in Table 11.2.12.4.2-6 and Table 11.2.12.4.2-7, respectively. These
tables list the stresses with the 30 lowest margins of safety for the 5™ support disk. The highest Pp,
stress occurs at Section 202, with a margin of safety of +0.33 (See Table 11.2.12.4.2-6 for stresses
and Figure 11.2.12.4.2-4 for section locations). The highest P,+Py, stress occurs at Section 169,
with a margin of safety of +0.04 (see Table 11.2.12.4.2-7 for stresses and Figure 11.2.12.4.2-4 for

section locations).

Support Disk Buckling Evaluation

The support disk buckling evaluation for the BWR support disks is performed using the same
method as that presented for the PWR support disks (see Section 11.2.12.4.1). The support disk
buckling evaluation results for the 5" support disk (the 5" support disk experiences the highest
stresses) for the tip-over impact condition are summarized in Table 11.2.12.4.2-5 for the five basket
drop orientations evaluated. As shown in Table 11.2.12.4.2-5, the 77.92° drop orientation case
generates the minimum margin of safety for buckling; therefore, the results of the buckling analysis
for the 77.92° basket drop orientation case are presented in Table 11.2.12.4.2-8. This table presents
the results for 30 minimum margins of safety for this drop orientation. As the tables demonstrate,
the support disks meet the requirements of NUREG/CR-6322.
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