CALCULATION COVER SHEET

. JOB NO. 1160-000
PROJECT HOLTEC International FILE NO.
SUBJECT Seismic SSI Analyses of Underground Vertical Ventilated CALC NO. 1160-01
Modules (VVM) Using SASSI NO. OF SHEETS 173
RECORD OF ISSUES
DESCRIPTION BY DATE CHKD DATE APPRD DATE
Initial Calculation DH 2/28/07 KL 2/28/07 | WT | 2/28/07
Add Appendix A 'DH | 3/30007 | KL | 3/30/07 | WT | 3/30/07

BEERE

that must be verified later. Yes O

Nuclear Quality Assurance Category |

‘Yes B NoO

This calculation contains unverified assumptions

No B

If yes, see summary of unverified assumptions.

Method of checklng used Mathematlcal Check =
- Alternate Method O

This calculation documents the seismic soil-structure-interaction (SSI) analyses of the HI-
-STORM 100U, an underground storage system, using the SASSI computer program. A 5x5

underground cavity configuration is analyzed for six Multi-Purpose Canister (MPC) loading
patterns. The input motions used were the design basis USNRC RG 1.60 response spectrum
compatible horizontal and vertical time histories with maximum accelerations of 0.5 g's and

~ 0.333 g's, respectively. Results of these analyses are used to assess the effects of the different

. loading patterns on the maximum d1splacement response ovahzatlon and ax1al stresses m the
outer steel shell lmer of a smgle loaded cav1ty ' ’

(Independent Reviewer/Approval)

- NAME MTIAL_ © . SIGNATURE
Donald Hamasaki DH /) ; Z
(Preparer/Checker) s W% 7
Kiat Lilhanand KL N
(Preparer/Checker) '}Z\ ‘ A—auwvtl
Wen S. Tseng WT

AD. S;Z‘”;W

International Civil Engineering Consultahts, Inc.

calc_cover_sht_2007.xls, 1160-01_ravi



CALCULATION SHEET

CALC. NO. 1160-01 REV. NO. 1
ORIGINATOR DH DATE 3/30/07 CHECKED " KL DATE 3/30/07
PROQJECT HOLTEC International . JOBNO. - 1160-000
SUBJECT Seismic SSI Analyses of Underground Vertical Ventilated Modules (VVM) Using SASSI - SHEET ii
RECORD OF REVISIONS
Revision _ Description
0 o | Initial Issue of Calculation
1 , ' * Add Appendix A in response to NRC comments made during A
: : meeting on March 27, 2007 with Holtec International..

International Civil Engineering Consultants, inc.




CALCULATION SHEET

e 7 : CALC. NO. 1160-01 REV. NO. 0
ORIGINATOR DH DATE- 2/28/07 CHECKED KL DATE 2/28/07
PROJECT HOLTEC International JOB NO. 1160-000
SUBJECT Seismic SSI Analyses of Underground Vertical Ventilated Modules (VVM) Using SASSI SHEET il

TABLE OF CONTENTS
Section Description Sheet No.
COVER SHEET i
RECORD OF REVISIONS ii
 TABLE OF CONTENTS iii
1 PURPOSE OF CALCULATION 1
2~ DESCRIPTION OF UNDERGROUND VVM SYSTEM - 3
3 REFERENCES 4
4 SEISMIC INPUT GROUND MOTION TIME HISTORIES - 5
5 ANALYSIS PROCEDURE 8
6 SITE RESPONSE ANALYSES 12
6.1 HORIZONTAL 19
6.2 VERTICAL 30

International Civil Engineering Consultants, Inc.




0=

CALCULATION SHEET

CALC. NO. 1160-01 REV. NO. 1
ORIGINATOR DH - DATE 3/30/07 CHECKED KL DATE 3/30/07
PROJECT HOLTEC International JOB NO. 1160-000
SUBJECT Seismic SSI Analyses of Underground Vertical Ventilated Modules (VVM) Using SASSI SHEET iv
TABLE OF CONTENTS (continued)
Sectioh | o Description - Sheet No.
7 " SSI ANALYSIS MODEL OF MULTL-VVM SYSTEM 39
7.1 ASSUMPTIONS 39
7.2 INPUT DATA | 40
~ 7.3 SSIANALYSIS MODEL 46
8  ANALYSES 66
9 RESULTS 70
) 1 MAXIMUM RELATIVE DISPLACEMENTS OF VVM 71
9.2 VERTICAL RELATIVE DISPLACEMENTS OF BOTTOM PAD 102
9.3 MAXIMUM AXIAL STRESSES IN OUTER SHELL LINER ' 107 -
9.4 CAVITY OVALIZATION OF CEC* 128
9.5 INFLUENCE OF SSI RESPONSE OF VVM ARRAY ON |
SURROUNDING SOIL RESPONSE 128
10 ASSESSMENTS OF STRUCTURAL RESPONSES 139
11 CONCLUSIONS 148
12 COMPUTER RUN LOG 152
Appendix A INFLUENCE OF SSI RESPONSE OF VVM ARRAY ON SURROUNDING A
SOIL RESPONSE A-1

International Civil Engineering Consiiltants, Inc.



7N CALCULATION SHEET

« U
&‘L\‘ ),VA CALC. NO. 1160-01 REV. NO.
ORIGINATOR* DH DATE = 2/28/07 CHECKED KL DATE
PROJECT HOLTEC International JOB NO.
SUBJECT Seismic SSI Analyses of Underground Vertical Ventilated Modules (VVM) Using SASSI SHEET

0
2/28/07
1160-000
v

- TABLE OF CONTENTS (continued)

~ ATTACHMENT I SELECTED SASSI INPUT FILES

International Civil Engineering Consultants, Inc.




CALCULATION SHEET

CALC. NO. 1160-01 _REV. NO. 1
ORIGINATOR DH DATE 3/30/07 CHECKED KL DATE 3/30/07
PROJECT HOLTEC International JOB NO. 1160-000
SUBJECT Sesimic SSI Analyses of Underground Vertical Ventilated Modules (VVM) Using SASSI SHEET NO. A-1

Appendix A - INFLUENCE OF SSI RESPONSE OF VVM ARRAY ON
SURROUNDING SOIL RESPONSE

In this appendix, the extent of the soil-sh'ncture-'interaction_(SSI) effect of the VVM array on
the surrounding soil response is assessed. The maximum soil displacement et the surface with
respect to t_he soil displacement at a depth of 18.6 feet is calculated and plotted versus

' distance from the edge of the pad-.' This displacement, as a function of the edge distance,

| 1s compared to .the corresponding maximum relative‘ displacement in the free-field between
the surface and a depth of 18.6 feet to determine the extent of the.'inﬂuence of the VVM ,

response on the soil response. The depth of 18. 6 feet corresponds to the bottom of the
,VVMs The VVM conﬁguratlon for Case 1 (all 5 x5 loaded) was chosen since Case 1 has
the most structure mass and therefore the results from Case 1 should bound the

other cases.

The locatlons selected for- calculatlng the soil response are shown in Flgure A-1.

. Flgure A 7 shows the companson of the maxnnum hor 1zonta1 relative dlsplacements }
near the VVM array with the correspondmg maximum horizontal relatlve dtsplacement
in the fre'e—ﬁe_ld. F ignre A-3f shows the comparison of the maximum vertical rel_ative
displace_ments near the VVM array with the cofresponding maxilnum v_ertic_al relative - |

o displacement in the free-field.
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Il INTRODUCTION

An isothermal boundary was used on the outside of the MPC shell for the -analyses of the
vacuum drying process presented in Appendix C. For normal onsite conditions in a HI-
TRAC, the MPC shell and the HI-TRAC inner surface temperatures are substantially higher
than the boiling point of water (see Table 4.5.4 of Reference 1.2). This means that any water
in the annulus between the MPC and the HI-TRAC inner shell would reach its boiling
temperature. Since the heat transfer coefficient in the presence of boiling is very high, the
difference between the temperature of the free fluid and the MPC outer wall would be small.
Thus, the MPC surface temperature would be essentially the same as the fluid temperature,
i.e., the boiling temperature. The isothermal MPC outer wall boundary condition used in
Appendix C, therefore, corresponds to boiling in the gap. To evaluate the adequacy of this
approach, an alternate calculation is performed and presented in this appendix for the vacuum

~ drying process, wherein a convection boundary condition is used on the outside surface of the

" MPC shell. The convection boundary parameters, namely the sink temperature and surface
o heat transfer coefﬁcrent are defined in a conservative manner as descnbed below: :

1) Water in the HI TRAC annulus gap has reached borhng temperature (212°F)
However, boiling heat transfer in the annulus gap is not credited in the analysis.
2) Heat dissipates from the MPC to a static column of water by conduction. In this,
natural convection water motion is neglected and the heat transfer coefficient
- obtained is a.theoretical lowerbound value.

" Using the boundary conditions defined above, the peak cladding temperature is computed for the
~ bounding canister (MPC‘-68 at maximum permitted heat load under vacuum drying (26 kW)).

12 METHODOLOGY

The thermal analysrs methodology for the vacuum dryrng condltlon is described in detall in
- Appendix C. The only change to this methodology for the analysis in this appendix is replacing the
~ isothermal boundary condition on the side of the MPC with a convection boundary condition. A
" heat transfer coefﬁcrent equivalent to conduction through the annulus gap water thickness was used.

_The water present in the annulus is not modeled explicitly; which is conservative as axial heat

- conduction through the water column is not credited in the. analysis. Any motion of water due to
buoyancy effects is also conservatively neglected.

)

13 CALCULATIONS |

o The same CornputatiOnal Fluid Dynamics (CFD) models, as described in Appendix C, are used to

perform the alternate vacuum drying analysis described in Section I.1. FLUENT CFD [I.1] code is
used for the analysis. The list of input and output files is provided below:
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Directory of G:\Projects\5014\REPORTS\HI-2043317\Appendix-I\fluent

05/03/2007 09:09 AM 65,656,455 3de8vac-cbc.cas
05/03/2007 09:09 AM 88,758,400 3dé8vac-cbc.dat
01/22/2007 08:54 PM 457,513,515 3d68vac-cbc.ray

The surface heat transfer coefficient for the outer surface of the MPC is calculated using Mathcad.
The calculations are attached to the end of this appendix.

1.4 RESULTS AND CONCLUSIONS

The peak cladding temperature from this alternate calculation is

The peak claddmg temperature is below the regulatory limit
of 1058°F. Thls confirms the adequacy of the calculations supporting the HI-STORM FSAR
amendment
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