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CONCLUSIONS
Static Analysis
The factors of safety (FS) for the static bearing capacity are:
Total Stress Analysis FS =6.27
Effective Stress Analysis FS=134

The gross allowable static bearing capacity is 4 ksf.

Seismic Analysis

The factors of safety for the seismic analysis are dependent on the coefficient of friction between the
cask and the pad. For all earthquake loading cases, a factor of safety greater than 1.1 for seismic
stability can be achieved.

The stability analyses were performed for various values of u and the following values of gross
allowable bearing pressures were determined for the worst case (case 3). :

Coefficient of Friction Between Gross Allowable
Casks and Pad Bearing Pressure
B Qasowsdie

ksf

0.00 8.98

0.10 8.07

0.20 7.23

0.30 6.47

0.40 5.79

0.50 5.18

0.60 464

0.67 4.30

The bearing capacity of the pad for the soil pressures determined by the pad designer for 2-cask, 4-
cask, and 8-cask loadings were also determined. The actual bearing pressures are less than the
allowable bearing pressures for each of these cases, as shown in the summary of these results on p
46.

The foregoing applies for the case where the pad is constructed directly on the in situ soils, so that
the cohesion of the silty clay/clayey silt is available to resist the horizontal earthquake forces. If
granular material is placed beneath the pads, the factor of safety against sliding of the pad is
adequate only if p between the cask and the pad is < 0.3, as shown on p 14.




STONE & WEBSTER ENGINEERING CORPORATION

1.t
CALCULATION SHEET
-4 1 ‘Nﬂu
1D APR‘.émo.es %
x> 436-377 W, CALCULATION IDENTIFICATION NUMBER AQ
J.0.OR W.0.NO. ' DIVISION & GROUP CALCULATION NO. |OPTIONAL TASK CODE PAGE &
C599u.0l G (B) Cé&-NX >

FEFEREN.ES

L TERZAGe\, R 4 PECK, Ky V967, ' SO MELHANICS 1 ERGINE ERIG
PRACTICE, Jonu wiLke 4§ SoNS, pu 112,

2. DA% B, 1990, “PRISOIPLES OF 6EOTECHNI AL ENeINEERING | Pws- KENT
pP. d4i1-22a, Boston, MA

3. Swe , R&QTa ) " Gésrecunmcan Darra RE?ORT)“
RerPorx No. oSQQe.o\-C\(B)-—oz) BesTON, MA

4, LETTIER REPORT FHCIr CEOMATIv ADDORESLED 1o ol
C"JN-IELLr 9-1%.5¢% , PALe S,

g Swec_) 14415) GEoTRIAMLAL Croipn cmfsam; caLe
C5996.01 - 6(3)-05, BosSToM, MA |

6. NAUFAC (982 DM-12  *Fouphmeons ann EarTy StRuctures,
VUert or Tue Navy, NAvAL FaciLomes EnGINEER MG, Carcimans,
ALEXLANDRLA, VA p. &3,

T SweC, 1882, GeevecHmear TEcHmcaL GubEunE GIS, Rev |
" OeTerminATION oF LateraL PrRessures oo Boried StRuctuRes
v GaraNvLAR, %on,s;‘ Steax 4 WeBsTer Ene'y CoxP, BoSton, MA

8. GeoMATth Comu.;:m-rg"l'.ng # Wiciaw, LETTIS Q A%sac’s 5 12 5
PESE RePoRT O%AQLoL-G(POSY_| Rew O, " Bereruims e
EARTHRUAKE GRound Motien A;.»Ao,s\s)“ SAn FrRANCweo CA
VaBLe 4.\ pad,

. Swee wer Cale 053Q4.6\- G(BY-03 Rev || “EsTimame GTamic
SETTLEMENT OF SToraGE Paps, " BesTow, MA, MAY 8,142 .




b
[

L T T O T O R v R T T T R T R R B R . T T T U
w & w0 W ® N PN OYW D Oy oo B N O W ® N Oo» P W N

TABLE L - SEsmMIC CAlE 2
DYNAMIC BEARING CAPACITY OF STORAGE PAD - EQ EQ
Vv H
B=  30.00 ft 0.67 g = EQ, K K K
L= 64001t 0.69 g = EQ, Casks | 2852 1968 1911
D= 3.00 ft N.= 5.14 Das (1990) Pad 864 596 579
= 2.20 KSF N, = 1.00 Structural Backfill above base of footing:
Fy= 6280 K = Wt of Cask & Pad + EQy due to Cask & Pad y= 0.125 KSF ¢= 0 degrees

Fuc = Minimum of {u x (WT + EQ, of Cask) or EQy of Cask] CG of cask = 118" above base of cask, based on p 3.2-5

Fue= 579 K (EQy of Pad) of HI-STORM TSAR, Rev 1, Jan '97*.
Moment@Center of Pad Base Gross Gross
" Ab [Fuc&Fe[Fic@ab]| Mo |ep=e. | Fic B | k=g | G | Qe | qufor| Fs
ft K-ft K-ft K-ft ft K degrees ksf ksf | FS=1.1
0.00 0.00 868 0 868 0.14 0 5.27 0.89 10.77 3.32 9.79 3.25
0.10 0.98 2,314 4,740 7,054 1.12 482 9.59 0.80 9.70 366 8.82 2.65
0.20 197 3,760 9,480 13,240 21 964 13.80 0.72 8.71 4.07 7.92 214
0.30 295 5,206 14,219 19,426 3.09 1446 17.87 064 7.80 4.56 7.09 1.1
0.40 3.90 6,601 18,791 25,392 4.04 1911 21.63 0.58 7.01 5.13 6.38 1.37
0.50 3.90 6,601 18,791 25,392 4.04 1911 21.63 0.58 7.01 513 6.38 1.37
0.60 390 6,601 18,791 25,392 4.04 1911 21.63 0.58 7.01 5.13 6.38 1.37
0.67 390 6,601 18,791 25,392 4.04 1911 21.63 0.58 7.01 5.13 6.38 1.37
Where: Ab= 118" x 112" x Fyc Q= Gun FS= Qu=CuNcScdcic+yDyNgsqdgig
(WT+EQyc) 1.1 Qea = Fy/(B'xL)
Ab = Offset of F, of Cask from center of Pad B =tan" [(Fup + Fuc) / Fy)
8. = 1+ (B/L)(Ng/N.) = 1.0 8= 1+(BlL)tan¢=1.0 eg = IMy/Fy
d. = 1+0.4(Dy/B)=1.04 dy= 1+2tan ¢ x (1-sin¢)’DyB=1.0 B'=B-2ep
I = (1-p/90)? by = ke ‘ L'=L-2e
Note: Assume e, = g, since the earthquake forces in the direction of the length could equal those in the direction of the width.

Assume L » B; therefore s, = 1.0

L {gect]j0500B\calcibmng.cap\pad-xie-0n-6.26/02

* See p C4 of Calc 05996.01-G(B)-05-0.
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TABLE 2 - SE\3MIC CA3e 3%
DYNAMIC BEARING CAPACITY OF STORAGE PAD WT eQ, | EQ,
B=  30.00 ft 0.67 g =EQ, K K K
L=  64.00 ft 0g=EQy Casks | 2852 0 1911
D= 3.00 ft N:= 5.14 Das (1990) Pad 864 0 579
.= 2.20 KSF Ny = 1.00 Structural Backfill above base of footing:
Fy= 3716 K = Wt of Cask & Pad + EQy, due to Cask & Pad y=  0.125 KSF = 0 degrees

Fuc = Minimum of [ x (WT + EQy of Cask) or EQ,, of Cask]

CG of cask = 118" above base of cask, based on p 3.2-5

Fre= 579 K (EQy of Pad) of HI-STORM TSAR, Rev 1, Jan '97*.
Moment@Center of Pad Base Gross Gross
N
n Ab |Fuc&Fye|Fic@Ab| IM; |eg=6 | Fiuc B l=ly Qun Qact | Quufor FS
ft K-ft K-ft K-ft ft K degrees kesf ksf FS=1.1
0.00 0.00 868 0 868 0.23 0 8.85 0.81 9.88 1.98 8.98 4.99
0.10 0.98 1,724 2,805 4,529 1.22 285 13.09 0.73 8.87 2.19 8.07 4.05
0.20 1.97 2,580 5,609 8,189 220 570 17.19 0.65 7.95 244 7.23 3.26
0.30 2.95 3,435 8,414 11,849 319 856 21.11 0.59 7.12 273 6.47 2.61
0.40 393 4,291 11,219 15,509 4.17 1141 2483 0.52 6.37 3.08 5.79 207
0.50 4.92 5,147 14,023 19,170 516 1426 28.35 0.47 5.70 352 518 1.62
0.60 5.90 6,002 16,828 22,830 6.14 171 31.64 0.42 5.11 4.06 464 1.26
0.67 6.59 6,601 18,791 25,392 6.83 1911 33.82 0.39 4.73 4.52 4.30 1.05
Where: Ab= 118"x 112" x Fuc Qu = Qun FS= Qu=GC Nescdcic +vDy Nq Sq dq iq
(WT+EQyc) 1.1 daa = Fyv/(B'x L)
Ab = Offset of F, of Cask from center of Pad B=tan" [(Fup + Frc)/ Fy ]

8. = 1+ (B/L}{(Ng/N;) = 1.0 s,=1+(B/l)tan$=1.0 ep = IM/Fy

d. = 1+ 0.4(D/B)=1.04 de=1+2tan¢ x(1 -sin¢)’DyB=1.0 B=B-2ep

I. = (1 - p/90)? iy = le L'=L-2e,

Note: Assume e_= ey, since the earthquake forces in the direction of the length could equal those in the direction of the width.

Assume L » B, therefore s, = 1.0
(geot]\j05996\caic\brng_cap\pad.xis on 6/26/97

* See p C4 of Calc 05996.01-G(B)-05-0.
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TAVABLE B

DNNAMIC BEMRING, CAPACIT OF PAD
Summary of Vertical Soil Bearing Pressures (ksf) from ICEC (See Attachment B)

Loading |Point A B C D E F G H J

2-Cask |CasklL 1.67 1.67 1.67 0.00 0.00 0.00 0.00 0.00 0.00
Cask EQ 3.34 2.00 1.45 0.74 0.32 0.41 0.00 0.00 0.00
Pad DL 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45
Pad EQ 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31
100% Vert| 5.77 4.43 3.88 1.50 1.08 117 0.76 0.76 0.76
4-Cask |[CaskLL 1.86 1.86 1.86 0.93 0.93 0.93 0.00 0.00 0.00
Cask EQ 1.91 1.46 2.10 0.66 0.45 1.1 0.00 0.00 0.00
Pad DL 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45
Pad EQ 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31
100% Vert | 4.53 4.08 4.72 2.35 2.14 2.80 0.76 0.76 0.76
8-Cask |[CasklLL 1.57 1.57 1.57 1.57 1.57 1.57 1.57 1.57 1.67
Cask EQ 2.06 1.11 245 2.34 0.67 2.76 1.90 1.05 2.54
Pad DL 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45
Pad EQ 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31
100% Vert| 4.39 3.44 4.78 467 3.00 5.09 4.23 3.38 4.87
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AXIAL STRAIN (%)
SAMPLE INFORMATION:
BORING: B4 DATE: 12/21/96
SAMPLE: u-3D TESTED BY: ACS
DEPTH: 10.4 ft CHECKED: PJT
DESCRIPTION: silty CLAY/clayey SILT
SPECIMEN INFORMATION: (start of shear)
HEIGHT: 0.632 ft WATER CONTENT: 27.4 %
DIAMETER: 0.238 ft DRY UNIT WEIGHT: 67.1 pcf.
AREA: 0.0443 ft2
TEST DATA:
LOADING: Axial Compression STRAIN RATE: 0.6 %/min
CELL PRESSURE: 1.3 ksf
UNDRAINED SHEAR STRENGTH: 2.18 ksf
COMPRESSIVE STRENGTH: 4.36 ksf
FAILURE STRAIN: 40 %
PRIVATE FUEL STORAGE FACILITY
8]
SKULL VALLEY :\G R€ i
PRIVATE FUEL STORAGE, LLC
STONE & WEBSTER ENGINEERING CORP.| UNCONSOLIDATED UNDRAINED COMPRESSION TEST JO 059986.01
BOSTON, MASSACHUSETTS BORING B-4, SAMPLE U-3D January 1997
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SAMPLE INFORMATION:

5 10 15 20

AXIAL STRAIN (%)

SKULL VALLEY

PRIVATE FUEL STORAGE, LLC

BORING: c-2 DATE: 12/18/96
SAMPLE: uU-2D TESTED BY: ACS
DEPTH: 11.1 ft CHECKED: PJT
DESCRIPTION: clayey SILT

SPECIMEN INFORMATION: (start of shear)
HEIGHT: 0.553 ft WATER CONTENT: 356 %
DIAMETER: 0.238 #t DRY UNIT WEIGHT: 57.9 pcf
AREA: 0.0444 2

TEST DATA:
LOADING: Axial Compression STRAIN RATE: 0.6 %/min
CELL PRESSURE: 1.3 ksf
UNDRAINED SHEAR STRENGTH: 2.39 ksf
COMPRESSIVE STRENGTH: 4.77 ksf
FAILURE STRAIN: 11.0 %

PRIVATE FUEL STORAGE FACILITY -
FIGLORE 2

STONE & WEBSTER ENGINEERING CORP. | UNCONSOLIDATED UNDRAINED COMPRESSION TEST
BOSTON, MASSACHUSETTS

BORING C-2, SAMPLE U-2D

JO 05996.01
January 1997




AT TACHMENT A T Carc OSQQQ.O\—G(b\-D‘#"Z pA\/\

NOTES OF TELEPHONE CONVERSATION JO No. 05996.01
PRIVATE FUEL STORAGE, LLC Date: 06-19-97
PRIVATE FUEL STORAGE FACILITY Time: 2:45 PM EDT
FRrROM: Stan M. Macie = SWEC-Denver 1E Tie Line 321-7305
Wen Tseng (ICEC) Voice (510) 841-7328
(FAX) (510)841-7438
To: Paul J. Trudeau SWEC-Boston 245/03 (617) 589-8473

SUBJECT; DYNAMIC BEARING CAPACITY OF PAD

DISCUSSION:

WTseng reported that his pad design analyses are being prepared for three loading cases: 2 casks, 4
casks, and 8 casks. The dynamic loads that he is using are based on the forcing time histories he
received from Holtec. These forcing time histories were developed using a coefficient of friction
between the cask and the pad of 0.2 and 0.8, where 0.2 provides the lower bound and 0.8 provides
the upper bound loads from the cask to the pad. -

, N

@MSSM at the base of the pad are greatest for the 2-cask dynamic ™.

! loading case for p = 0.8 between the cask and the pad, because of eccentricity of the loading. For h
! this case, the vertical pressures at the 30’ wide loaded end of the pad are 5.77 ksf at one corner and \
| 3.87 ksf at the other. He reported that it is reasonable to assume this pressure decreases linearly to 0 |
" atadistance of ~32 ft; i.c., approximately half of the pad is loaded in this case. He also indicated

that the horizontal pressure at the base of the pad is 1.04 ksf at the 30’ wide end of the pad that is

loaded by the 2 casks, and that this pressure decreases linearly over a distance of ~40’ from the

loaded end. He noted that the vertical pressures include the loadings (DL + dynamic loadings) of the ;
casks and the pad, but the horizontal pressures apply only to the casks. Therefore, the inertia force of /

the whole pad must be added to the horizontal loads calculated based on the horizontal pressure ;
distribution described above. _/

Since the table of allowable bearing pressures as a function of coefficient of friction between the
cask and the pad that is in the design criteria does not include a value for p = 0.8, WTseng asked
PJTrudeau to provide the allowable bearing pressure for this case.

ACTION ITEMS: SuPersedED
By AT B

PJTrudeau to determine the dynamic allowable bearing pressure for the 2-cask loading case.

Cory TO:NTGeorges Boston 245/03
SMMacie Denver 1E

[geotN\j05996\elcon\970619.doc Page 1 of 1
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