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PG&E Letter DIL-02-005

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

Docket No. 72-26
Diablo Canyon Independent Spent Fuel Storage instaliation

Submittal of Geoscience Calculation Packages

Dear Commissioners and Staff:

On December 21, 2001, Pacific Gas and Electric Company (PG&E) submitted an
application to the Nuclear Regulatory Commission, in PG&E Letter DIL-01-002,
requesting a site-specific license for an independent Spent Fuel Storage Installation
(ISFSI) at the Diablo Canyon Power Plant. The apptication included a Safety
Analysis Report, Environmental Report, and other required documents in
accordance with 10 CFR 72.

As requested by Mr. S. Baggett, 16 Geoscience calculations, performed in support
of the Diablo Canyon ISFS! license application, are enclosed. These calculation
packages are intended for use by the NRC staff in their review of the application.

If you have any questions regarding this matter, please contact Mr. Terence Grebel
at {805) 595-6382.

Sincerely,

I IRONZ

{ awrence F. Womack
Enclosure

gwh?2

cC: Diablo Distribution
Ellis W. Merschoff
David L. Proulx
Girija S. Shukla

cclenc:. James R. Hall
John Stamatakos
David A. Repka

A member of the STARS ({Strategic Teaming and Resource Sharing) Alliance
Callaway « Comanche Peak » Diablo Canyon ¢ Palo Verde » South Texas Project « Wolf Creek
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LIST OF ATTACHED GEOSCIENCE CALCULATION PACKAGES

Development of Young’s Modulus and Poisson’s Ratios for DCPP ISFS| Based on
Field Data
PGE Calculation 52.27.100.711, Revision 0

Development of Allowable Bearing Capacity for DCPP ISFSI Pad and CTF
Stability Analyses
PGE Calculation 52.27.100.713, Revision 0

Methodology for Determining Sliding Resistance Along Base of DCPP ISFSI Pads
PGE Calculation 52.27.100.714, Revision 0

Determination of Pseudostatic Acceleration Coeffcient for use in DCPP ISFSI
Cutslope Stability Analyses
Calculation GEO.DCPP.01.05, Revision 2

Development of Coefficient of Subgrade Reaction for DCPP ISFSI Pad Stability
Checks
PGE Calculation 52.27.100.717, Revision 0

Development of ISFSI Spectra
Calculation GEO.DCPP.01.11, Revision 1

Development of Fling Model for Diablo Canyon ISFSI
Calculation GEO.DCPP.01.12, Revision 1

Development of Spectrum Compatible Time Histories
PGE Calculation 52.27.100.723, Revision 0

Development of Time Histories with Fling
PGE Calculation 562.27.100.724, Revision 0

Development of Young’s Modulus and Poisson’s Ratio Values for DCPP ISFSI
Based on Laboratory Data
PG&E Calculation 52.27.100.725, Revision 1

Development of Strength Envelopes for Non-jointed Rock at DCPP ISFSI Based
on Laboratory Data
Calculation GEO.DCPP.01.16, Revision 1

Determination of Mean and Standard Deviation of Unconfined Compression
Strengths for Hard Rock at DCPP ISFSI Based on Laboratory Tests
Calculation GEO.DCPP.01.17, Revision 2
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Determination of Basic Friction Angle Along Rock Discontinuities at DCPP ISFSI
Based on Laboratory Tests
Calculation GEO.DCPP.01.18, Revision 2

Development of Strength Envelopes for Jointed Rock Mass at DCPP ISFSI Using
Hoek-Brown Equations
Calculation GEO.DCPP.01.19, Revision 1

Development of Strength Envelopes for Shallow Discontinuities at DCPP ISFSI
Using Barton Equations
Calculation GEO.DCPP.01.20, Revision 1

Development of Freefield Ground Motion Storage Cask Spectra and Time
Histories for the Used Fuel Storage Project
PGE Calculation 52.27.100.747, Revision 0
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Attachment “A” to Calc. # 52.27.100.711 ;F-{ev. 0 :,,

Development of Young’s Modulus and Poisson’s ratio for DCPP ISFSI based on

v field data
Calc Number GEO.DCPP.01.01

Record of Revisions

Revision 2

Page 1 of 1

Rev. Reason for Revision Revision
No. Date
Revised and added assumptions; revised and added inputs,
1 references; revised conclusions to include reference to 10/15/01
GEO.DCPP.01.15 '
5 Revised inputs and references; revised model depth 11/5/01
referenced from 60 feet to 85 feet
11/5/01
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DCPP ISFSI GEOTECHNICAL CALCULATION PACKAGE -

Development of Young’s Modulus and Poisson’s ratio for DCPP
ISFSI based on field data

Calc Number: GEO.DCPP.01.01
Date: November 12, 2001

Title:

Revision: 2
Author: Joseph 1. Sun
Verifier: Robert K. White

As required by Geosciences Work Plan GEO 2001-03, Appendix A,
determine values of Young’s Modulus and Poisson’s ratios for rock
underlying the proposed DCPP ISFSI pads from field measurements of
rock elastic strains in borings. Values will be used by PG&E
consultants in finite element analyses of pad response to earthquake

loads.

Purpose:

1. Bottom of mat excavation is estimated to be El. 302 ft (Klimczak,
10/5/01).

2. Sandstone, dolomite and altered sandstone are expected to be
encountered at bottom of excavation. This is based on Geosciences
Calculation GEO.DCPP.01.21, Figure 21-41.

3. In boring BA98-2, between depth interval of 13 to 15 feet, the boring
log indicates the material to be altered (friable) sandstone (page 9,
attached). However, because of core loss and higher shear wave
velocities measured in this interval, the material in this depth interval
is assumed to be unaltered and is not included in the calculation of
Young’s modulus for altered sandstone. This assumption is
conservative because it minimizes the value of Young’s modulus
calculated for the altered sandstone. - -

4. Wave velocity measurements made in BA98-3 correspond to the
drill logs for BA98-2. This is a reasonable assumption because
BA98-2 and BA98-3 were drilled next to each other.

Assumptions:

GeoVision P-S suspension logging data of BA98-1, BA98-3 and
BA98-4. (Tables 1 and 2, pp. 5 and 6, attached) from Witter, 11/5/01
(Data Report C).

2. Boring log for BA98-2 that encountered altered sandstone between
depth intervals of 5 feet to 15 feet (page 9, attached) from Witter,
11/5/01 (Data Report B).

3. Unit weight of rock of 140 Ib/ft® used in the calculation was based on

laboratory measurement of core samples as documented in Witter,

Input: 1.

Page 1 of 18
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Methodology:

Software:

Calculation:

GEO.DCPP.01.01 Rev. 2
Page2of 18

11/5/01 (Data Report I).
4. Finite element depth of 85 feet from Jahangir (6/5/01).

Small-strain seismic velocity based Young's moduli and Poisson ratios
were calculated using borehole suspension P-S logging data from
borings BA98-3 (El. 322.8) and BA98-1/4 (EL. 372.2" and 374.8") as
listed in Tables 1 and 2 on pages 5 and 6 of this calculation package.

In the calculations, a unit weight of 140 pcf is used. The formuli used in
the calculations are based on page 140 and 141 of "Principles of
Engineering Geology" by Robert B. Johnson and Jerome V. De Graff,
1988 (pages 10 and 11, attached), as follows:

Young's modulus: k * tho * V2 * (3 * V,2-4* V) /( Vp2- V)
Poisson's ratio: (V2 -2 * V&) /[2* (V- Vi) ]

in which rho is the mass density, in our case, we used 140/ 62.4 g/cm3 .
k is a unit dependent constant and is equal to 1000.6 when we use m/sec
and g/cm3 for velocities and mass density, respectively. V;and V; are
shear and compression wave velocities from the suspension data.

Only standard Excel mathematical and data plotting functions are used
for this calculation. '

In the structural finite element analyses model, material at the base of
the mat and to a depth of 85 feet (Elevs. 302 and El. 217, respectively)
will be modeled as linear elastic material using the proposed Young
modulus and Poisson's ratio, as indicated on page 16, attached. Based
on the above understanding, Young's moduli and Poisson’s ratios
between the interval of E1. 302 and El. 217 were calculated, plotted, and
evaluated (Figures 1 and 2, pp. 7 and 8, attached). Within this interval,
the Young's moduli varied between 0.4 to 3.5 (x 108 psi) and does not
show systematic dependenc? on depth. The majority of the data points
fall between 0.8 to 2.0 x 10° psi (16th and 84th percentile) with a mean
value of 1.33 x 10° psi. The mean value was calculated based on the
average of individual measurements made in Borings BA98-3 and
BA98-1/4 between El 302 and 217. Similarly, the Poisson'’s ratio
ranged between 0.17 to 0.45 with an average of 0.37. Within this depth
interval, no altered sandstone was encountered in either of the borings.

Altered sandstone was encountered near the ground surface of boring
BA98-2 (page 9 attached), adjacent to BA98-3. At the location of the
boring, the altered sandstone strata are above El. 302 and thus will be
removed as part of the pad excavation. However, a down dip projection
of this stratum would indicate that this altered sandstone may exist

" Page 4 of20
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Conclusions:

References:

GEO.DCPP.01.01 Rev. 2
Page 3 of 18

beneath the ISFSI pad. If the seismic wave velocity measurements for
the near surface material in BA98-3 are indicative of the projected
altered sandstone material exposed at the pad excavation, the Young
modulus for the altered sandstone will likely range between 0.13 to 0.23
(x 10° psi) with an estimated mean of 0.20 x 10° psi. Young’s modulus
for altered sandstone were calculated based on average shear wave and
p-wave velocities measured in BA98-3. The Poisson's ratios ranged
between 0.19 and 0.41 with an average value of 0.31.

On the above basis, the following conclusions are made:

1) Altered sandstone and dolomite both are expected to be present at the
ISFSI pad excavation level of El. 302 ft.

2) The Young's moduli for the foundation material will likely range
between 0.2 x 10° psi (corresponding to altered sandstone) to 2.0 x
10® psi (corresponding to upper range of dolomite). These values are
by no means indicative of the absolute upper and lower bound values
but rather suggest the likely range of variation. -

3) The likely Poisson's ratios for the dolomite and altered sandstone are
0.37 and 0.31 respectively.

4) Both Young moduli and Poisson's ratios did not show a systematic
dependency on depth.

5) A separate calculation, GEO.DCPP.01.15, describes elastic properties
determined from core samples retrieved from borings made within the

* pad footprint area. For cemented sandstone and dolomite samples
whose elastic properties are insensitive to in-situ stress, the lab-
determined elastic properties are in good agreement with the wave
velocity-based measurements developed in this calculation package.
This demonstrates that the approach used in this calculation package
is appropriate for the derivation of in-place elastic properties of these
geo-materials. For friable sandstone samples, GEO.DCPP.01.15
concludes that the lab procedure is not appropriate for use in deriving
elastic properties. On the above basis, it is recommended that values
summarized from both calculations in GEO.DCPP.01.15 be reviewed
by the pad designers to ensure that they do not control the design.

1) Johnson, R.B. and De Graff, J. V., (1988), Principles of Engineering
Geology, published by John Wiley & Sons, 497 pp.

2) Witter (11/5/01): letter from Rob Witter to Rob White dated 11/5/01,
entitled, "Completion of Data Reports,"” with enclosed:
Data Report B, Borings in ISFSI Site Area, Rev. 0;
Data Report C, 1998 Geophysical Investigations at the ISFSI Site
Area, Rev. 0; and
Data Report I, Rock Laboratory Test Data, Rev. 0.
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Geosciences Work Plan GEO 2001-03, Development of Engineering
Properties for ISFSI and CTF Foundation Design, ISFSI Slope
Analyses, and ISFSI Cut and Fill Slope Reinforcement Design for
The DCPP ISFSI Site, rev. 1. ‘ _

Geosciences Calculation GEO.DCPP.01.15, Development of Young’s
Modulus and Poisson's ratio values for DCPP ISFSI based on
laboratory data, rev. 1.
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Stratigraphy and Geologic Structure at the DCPP ISFSI Site, rev. 0.
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Page/Robert White, entitled "Transmittal of Requested Drawings and
Re-Transmittal of Items Not Attached to 9/26/01 Letter," dated
10/5/01.

Jahangir (6/5/01): letter from Nozar Jahangir to Rob White, entitled
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Reference Material,” dated 6/5/01.

Table 1, Young's Modulus and Poisson's Ratio for Boring BA98-3,

pg. 5.
Table 2, Young's Modulus and Poisson’s Ratio Calculation from

BA98-1/4, pg. 6.
Figure 1, Young's Moduli vs. Elevation, pg. 7.
Figure 2, Poisson's Ratios vs. Elevation, pg. 8.

Boring log BA98-2, Depth Interval O to 15 feet, from Witter, 11/5/01,

Data Report B, pg. 9.
Dynamic elastic moduli equations, from Johnson and De Graff
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Letter from Richard Klimczak to William Page/Robert White,
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OCPP DRY CASK SITING PROJECT
SORROW AREA HILLSIDE SITE BOREHOLE BA 98-3 .
VELOCITY DATA ACQUIRED 6/8/98

B8A 98-3rev2 xis Sheet!

TABLE 1 - YOUNG'S MODULUS AND POISSON'S RATIO FOR BORING BA98-3

RECEIVER TO RECEIVER (R1-R2) ANALYSIS

DEPTH (FT)

213

246
263
279
295
312
328
345
36.1
377
394
41.0
427

45.9
47.6
49.2
50.9
525
54.1
55.8
574
59.1
60.7
52.3

656
67.3
68.9
70.5
722
73.8
75.5
771
78.7
80.4
82.0
83.7
85.3
86.9
88.6
90.2
919
935
85.1

98.4
100.1
1017
103.4
105.0

1526
1402
1305
1600
1754
1715
1555

4050
3883
3837
3837
3837
27
3707
2983
2841
3TN
4101
3081
2891
3331
3528
3605
3793
5608
5561

3ge0
5126
5807
3331

3750
4153
4721

3625
3400
3331

3418

3217
2916
4101
4050
3953
3566
3155
3348
4076
37zs
3158
5756
5378
4790
3805
4345
2878
3066
3837
3750
4026

“Vp (FT/S)

1]
2983
23985
4153
2828
3281
3128

8202
9374
8867
9794
10757
9794
8749
8202
8202
8989
8983
9374
10583
11717
11717
9113
8101
8867
9510
7908
10757
8867

465
427
398
488
535

474

1235
1183
1170
1170
1170

980
1130

866
1149
1250

939

881
1015
1075
1098
1156
1708
1695
1176
1562
1770
1015
1143
1266
1439
1105
1036
1015
1042
1047

980

1250
1235
1205
1087

1020
1242
1136

1754
1639
1460
1099
1325

arr

935
1170
1143
1227

2532
2667
2597
2247
2273
2299
17886
1802
1942
2410
2326
2469

2439
2438
2500
2353
2985
3226

. 2439

2703
3175
2500
2740
2500

3Q30
2817
2532

2500
2857
2703
2985
3279
2985
2667
2500
2500
2740
2740
2857
3226
3571
s
778
2469
2703
2899
2410
279

2703 L.

Foundation Materlal Modeled in Pad Stabllity Analysis

GEO.DCPP.01.01 Rev. 2

k= 1001
tho (g/em3)= 2.2
Elevation (R) E (Mpa) E (Mpsi) Poisson
319.52 1943 0.28 1.00
317.88 1114 0.16 0.36
316.24 915 0.13 0.29
314.60 1509 0.22 0.41
312.96 1524 0.22 0.19
311.32 1610 0.23 0.31
AVERAGE® 1348 0.20 0.31

* Average E detsrmined mdirectly from avenige Vs and Vp
valuas {axcluding upper most value from 8 tp L3 N interval
and formuls on page 2. Average Poisson’s atios detsrmined

directly from vaiues for each interval (exciuding upper most value).

Bottom of Excavation / Top of Foundation Section

301.47
299.83
298.19
296.55
294.91
293.27
291.63
229.99
288.35
286.71
285.07
283.43
281.79
280.15
278.51
276.87
275.23
273.59%
271.95
270.31
268.67
267.03
265.39
263.74
262.10
260.456
258.82
257.18
255.54
253.90
252.26
250.52
248.98
24734
245.70
244.06
242.42
240.78
239.14
237.50
235.86
234.22
232.58
230.94
229.30
227.68
226.02
224.37
22273
221.09
219.45

217.81
AVERAGE

9197
8661
8432
8072
8107
5994
6685
4932
4631
B024
8098
5603
4911

6457

7161
7484
8045
16479
16988
8379
13691
17926
64BS
8179
9551
18591
7803
6BSS
6498
6826
63561
6185
5106
9777
9700
9142

16489
13393
7630
10224
4979
5655
8266
8381
9262
8806

Bottom of Foundation Model

133
1.26
1.22
1.17
1.18
0.87
0.97
0.72
0.67
1.18
1.32
0.81
0.71
0.94
1.04
1.08
1.17
233
2.45
1.22
1.99
2.60
0.94
1.18
1.38
2.70
1.13
0.99
0.94

0.4
0.38
0.37
0.31
0.32
0.39
0.47
0.33
0.38
0.35
0.30
0.42
0.41
0.40
038
0.38
0.34
0.26
0.31
0.35
0.25
0.27
0.40
0.39
0.3
1.00
0.42
0.42
0.40
0.40
0.39
0.43
0.44
0.39
0.42
0.40
0.40
0.41
0.40
0.37
0.40
0.44
0.29
0.37
0.40
0.41
0.30
0.44
Q.44
0.38
0.43
0.37
0.382

Page S of 18
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TABLE 2 - YOUNG'S MODULUS AND POISSON'S RATIO CALCULATION FROM BA 98-1 & BA 984

DCPP DRY CASK SITING PROJECT
BORROW SITE BA 98-1 & BA 98-4
VELOCITY DATA ACQUIRED 6/8/98

R1-R2 ANALYSIS
DEPTH (FT) Vs (FT/S) Vp (FT/S) Vs(m/se} Vp (m/s)

f__ 72.2

73.8
75.5
771
787
80.4
82.0
83.7
85.3
86.9
88.6
80.2
919
893.5
85.1
96.8
98.4
100.1
101.7
103.4
105.0
106.6
108.3
109.9
111.6
113.2
114.8
116.5
118.1
119.8
121.4
123.0
124.7
126.3
128.0
129.6
131.2
132.2
1476
149.3
150.9
152.6

BA 98-4

| BA98-1]

3185
3547
4934
3977
2635
.2891
2853
2635
3170
6190
2828
3066
3547
3170
3454
2224
4434
4206
3666
3110
3281

4494
5378

6020
5292
4026
4345

5249
6020

6628

3686

2969

- 3793

3977
3860
3793
4345
4494
3686
3977
4654
4345

10415
8634
8412
8412
6309
4897
8867
6190
79086

10583
6076
7542
7456
8306

. 6835
4721
8989
8634
7812
8634
8634
9650

11313

12381

10757
8ee7
9510

10757

10415

12619
9374
7812
8634
8634
8002
79086

10253
8650
8412
8867
9650
7720

971
1081
1504
1212

803

881

870

803

966
1887

862

935
1081

966
1053

678
1351
1282
1117

948
1000
1370
1639
1835
1613
1227
1325
1600
1835
2020
1124

905
1156
1212
1176
1156
1325
1370
1124
1212
1418
1325

3175
2632
2564
2564
1923
1493
2703
1887
2410

3226

1852
2299
2273
2532
2083
1439
2740
2632
2381
2632
2632
2941
3448
3774
3279
2703
2899
3279
3175
3846
2857
2381
2632
2632
2439
2410
3125
2941
2564
2703
2941
2353

Bottom of Analytical Section

Foundation Material Modeled in Pad Stability Analyéis

k= 1001
rho {(g/cm3)= 2.2
El. E (Mpa)
302.62 6130
300.98 7339
299.34 12568
287.70 8946
296.06 4039
294.42 4296
292.78 4896
291.14 4024
289.50 5886
287.86 19820
286.22 4543
284.58 5494
282.94 7104
281.30 5930
279.66 6610
278.02 2801
276.37 10981
27473 9921
273.09 7616
27145 5750
269.81 6356
268.17 11471
266.53 16338
264.89 20334
263.25 15656
26161 9262
259.97 10776
258.33 15445
256.69 18883
255.05 23995
253.41 7984
251.77 5205
250.13 8284
248.49 9007
246.85 8379
24521 8104
243.57 10953
242.58 11471
22456 7829
222,92 9065
221.28 12181
219.64 9988
AVERAGE 9563

E (Mpsi) Poisson
Bottom of Excavation / Top of Foundation

0.89
1.06
1.82
1.30
0.59
0.62
0.71
0.58
0.85
2.87
0.66
0.80
1.03
0.86
0.986
0.41
1.59
1.44
1.10
0.83
0.92
1.66
2.37
2.85
2.27
1.34
1.56
2.24
2.74
3.48
1.16
0.75
1.20
1.31
1.22
1.18
1.58

1.66

1.14
1.31
1.77
1.45
1.39

0.45
0.40
0.24
0.36
0.39
0.23
0.44
0.39
0.40
0.24
0.36
0.40
0.35
0.41
0.33
0.36
0.34
0.34
0.36
0.43
0.42
0.36
0.35
0.35
0.34
0.37
0.37
0.34
0.25
0.31.
0.41
0.42
0.38
0.37
0.35
0.35
0.39
0.36
0.38
0.37
0.35
0.27

0.36
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Figure 4.9 Plot of compressionat (p-) wave velocily versus
sheas (s-) wave velocity. (From Jesch ef at., 1979)

caleulating E, (Figure 4.10). By comparison, Poisson's ratio shows no
well-defined linear relationships with either V, or ¥, (Figure 4.12).

Influence of Confinement on Strength and Elastic Moduli

The geotechnical properties of rocks obtained during uniaxial, or uncon-
fined, testing are numerically unlike in sitn rock properties, In the latter
case, the rock is subjected to confining stresses along the other two orthog-

Modulus Equation
’ . IVi—gqp?
Young's modulus = 5, = kpt/? S-(-—VﬁZT')
Vi-ap?
Poisson's rativ = vy = — L 01,
’ wVi-vy

Shear modulus = Gyorp = pp?

Where:
p = mass density (rho)
V, = P or compressional wave propagation velocity
¥, = S or shear wave propagation velocity
k = constam, depending on units used

Figure 4.10 Dynamic elastic modull equotlons.

P
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EN

i e e i

clex peceEEe s

INTACT ROCK / 141
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MODULE 4.2

Calculallon ot dynamie efaslic moduli

from test data.

Sample duta
Pikes Peak granite, Rampart Range, Douglas
Cuunty, Colorado, NX (2% in. or 54 mm
diameter) core
Core tength = 0,123 i
Bulk density = 2,641 g/om?
P-wave teavel tine through core

= 2880 X 10" sec
S-wave travel time through core

= 5426 X 107 sec

Velocity calealutions

P-wave, V, = 123 m/2.880

X0 2 sec - 4,270.8 my/sec
S-wave, ¥V, ~ 123 m/5.426

X Y see - 2,266.9 m/sec

Youny's Modulus, E,, calculation (see Figure
4.19)
Value of & (conversion of bulk to muass den-
sity and Pa) = |,000.6
E = (1,000.6) (2.643) (2,266.99 (((3)
{4 2710.84 - (4) (2, 26690y
(4.270.8" -« 2, 160.97)) ~ 15,44 X |O*
Pa = 35.44 Gln -

Puisson's Ratio, v,, calcutation (see Figure
4.10)

v = ((4270.87) - (2) (2266.91)/((2)
(4270.8 — 2266.9%)) = 304

350 T ——n

y=0.039x--48.13
r=40.71
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Figure 4.11  Plol of compressional (p-) wave velocily versus

unlaxlal compressive strength
D'Andread et al., 1945).
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Oct 08 01 03:52p PGALE Used Fuel Storage (805)585-6402 p-2

GLED. vl . 0v.00 Qe . 1

Data: (October 5, 2001 File #: 72.10.05

To: William Page / Robert K. White
PG&E Geosciences Dept

From: Richard L. Klimczak, Project Engineer
subject:  Diablo Canyen Units 1 and 2

Transmittal of Requested Drawings and Re-Transmittal of ltems Not
Attached to 9/26/01 Letter

Pacific Gas and
’ Electric Company

Dear Bill,

Reference your 10/4/01 e-mail “Maps Still Needed.”

Drawing Fig. 2.1-2

We are transmitting herewith paper and electronic “For Information Only” copies of Fig.
2.1-2, dated 10/5/01, to replace the drawing transmitted by our letter dated 9/27/01. The
attached drawing identifies the subject road as the Patton Cove Bypass. -

Requested Drawings

Attached are full copies of the EDMS drawings tabulated on the second page of this
memo. Electronic copies are provided in a CD ROM, “UFSP GEO Site & Topo Dwgs.”,

10/5/01.
Four Survev Runs and Profiles

As we agrecd, and you noted in another e-mail later on 10/4/01, profiles for survey
information for Sections D-D’, E-E’, F-F” and I-I" are to be plotted by Geosciences’

consultants using appropriate software.

Transmittal Letter to Robert K. White, “Transmittal of Survey Points for Four Cross-
Sections”, cated 9/26/01 ’

Transmitted herewith are paper and electronic copies of items missing from the subject
transmittal related to field surveys performed by Fleming Surveys, Inc., at the request of

Bill Page and including:

Py v of ¥
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Oct 08 01 03:53p PGLE Used Fuel Storage (805)1595-6402 p-3

GeEo . Deod. 5.y (ov. 1

1) Diablo-pnts.xis: The Points Lists submitted by Pacific Engineering for four
topographic profile lines D-D’, E-E”, F-F’ and I-l.

2) CYN-clddwg: A sketch prepared by Pacific Engineering showing in plan the
routes of the four field survey lines and can serve as a guide to the relative locations

of the tabulated data.

Per your request, the survey routes shown on this sketch will be re-transmitted at a
later dated after it has been plotted on plant 20-scale drawings.

. The last sentence of the subject-9/26/01 letter should read “Please confirm that
documents transmitted with this letter are the same as those sent to you by FAX and e-

mail as mentonped herein. This transmittal is per requirements of DCPP Procedures
CF3.ID17.” ' )
Also included in the CD is an electronic copy of engineering drawing PGE-004-54-001,
Rev. 0. A hard copy was transmitted on 9/27/01. The elevation at the bottom of the
ISFSI slab is 302 &. .

This transmittal is per requirements of DCPP Procedure CF3.ID17.

If you have questions please contact me at (805) 595-6320 or A. Tafoya at

(805) 595-6392.

Richard L. Klimczak

Project Engineer

Diablo Canyon Used Fuel Storage Project

cc: LJStrickland SLO B3 w/o
BHPatton SLOBB w/o
AFTafoya SLO B10 w/o
CEH:rtz SL0 B0 w/o
WPage 245 Market N4C, 422B wlo

- RKWhite 245 Market N4C, 418B w/o

JISun 245 Market N4C w/o
JCYoung 245 Market N4C, 413C wlo
DCPP Chronological File
DCPP RMS DCPP 119/1

DCPP File No. 72.10.05

\7“$L \1) SF \X
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File#: 721005 :

Date: June 5, 2001

To: PG&E GEQSCIENCES DEPARTMENT

From: . NUCLEAR SERVICES - USED FUEL STORAGE PROGRAM

Subject: PG&E Geosciences Work Plan GEO 2001-01, Transmittal of Reference Material
ROB WHITE

Rob,

The purpose of this document, is for coordination of the ISFSI seismic calculation
(provided by Enercon to PG&E) with Geosciences department, insofar as the

“appropriate use of the Rock properties are concerned (e.g. “E”, Poisson...). The

purpose of the coordination is primarily to;

1) General familiarity with the use of the information provided by Geosciences in this
FEA.

2) Review & approval of the underlying Rock Stresses and displacements under Gravity
and dynamic load conditions. This is to satisfy the section 6.4.3.6 of the design spec.
(10012-N-NPG) regarding the “Soil Elastic Settlement Loads”.

3) Review of the rock shear strains, as these values were determined to be important to
the development and use of appropriate “E” values.

Please call me if you have any questions. 805-535-6374
Sincerely,

,V(
Ngzar Jghangir
ISESI Pad Design Technical Coordinator -

Diabio Canyon Used Fue! Storage Project

Enclosure: CD

NXJahangir-kmn

cc: RL Klimczak
LJ Strickland
AF Tafoya
DCPP RMS

DCPP File No. 72.10.05

af oL 18
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GES - vepp. ot 0 Rev. 2
Calc. No. PGE-009-CALC-003

i
F _ j ENGINEERING CALCULATION | Rev. 0
' COVER SHEET
Sheet 10of 350

Client: PG&E
Job No. PGE-009

ENERCON SERVICES. INC. _
Title: [SFSI Cask Storage Pad Seismic Analysis

Purpose Of Calculation:

The purpose of this calculation is to compute the size and thickness of the ISFSI Cask Storage Pads and to compute
the moments within the storage pad for the controlling seismic load combinations specified for the site. Analyses are
in compliance with the seismic load combinations. as set forth. in References 2. 3, 8 and 9 for load combinations,

which involve Hosgri and Long-Term Seismic Program earthquakes. The ISFSI Facility will contain (7) pads, which
will support (20) HI-Storm Storage Casks per pad. The storage casks are arranged in a 5 x 4 array and are located on
1 7-0" centers. The resuits of the analyses indicate that a pad, 105'-0" (N-S direction) x 68-0" (E-W direction) x 7'-

6" thick (nominal). is acceptable for the storage casks and the seismic loads.

This Calculation does not consider load combinations for the sequencing of cask placements and load conditions
other than seismic (e.g., curing temperatures and shrinkage). The sequencing of cask placements will be designed,
so that, the pad size stated above is acceptable. The results from this Calculation will be used in Calculation No.
PGE-009-CALC-007 to evaluate the concrete per the design codes and to determine the size of steel reinforcement.

NOTE: This Caléulation is furnished as part of PG&E Contract No. 4600010841, Change Order No. 001

Scope. Of Revision:

N/A

Revision Impact On Results:

N/A

] Safety Related (CJ Non-Safety Related

(] Preliminary Calculation X} Final
Approvals
(Print Name and Sign)
Originator - S5.C. TUMMINELLI Date
Reviewer Date
Verification Engineer K.L. WHITMORE - Date
Approver R.F.EVERS Date
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GES.DLeY. CL.ON a:.v.a,
SHEET 12 OF _ 50
JOB. NO. PGE-009 DATE May 25, 2001
PROJECT DCPP ISFSI :

SUBJECT ISFSI Cask Storage Pad Seismic Analysis
CLIENT PG&E-DCPP ORIGINATOR S. C. Tumminelli

ENERCON SERVICES, INC. REVIEWER K. L. Whitmore APPROVED R. F. Evers
_ CALCULATION NO. PGE-009-CALC-003 REVISION 0

Rock Elements

2. Element Type #2 is also the ANSYS SOLID45 8-noded

The tock is modeled with Element Type #
. no special features of this element

structural solid element. As with the use of this element for the pad
were invoked for the rock. The rock is designated Material Type 2 and is assumed to be homogeneous.
Young’s Modulus for this element type is varied to simulate two different types of rock. One rock is
described as soft with E = 0.2 x10° psi, while the other rock is described as hard with E = 2.0 x10° psi
(Ref. 5). Poisson’s ratio is 0.35 for both of these models. The soft rock Poisson's ratio from Ref. 5 is
0.336 for the soft rock and 0.367 for the hard rock. The value selected for analysis is within 5% of both
of these values and is, therefore, a valid value to use for analysis. The third model has very hard rock

with a Young's Modulus E =4.9x 106 psi and a Poisson's ratio of 0.2+ (Ref. 11).

The rock portion of the model is wide and thick to insure that the rock extends a sufficient distance from

the pad so that the boundary conditions of the rock do not affect the stiffness of the rock beneath the

pad. It is 138 feet in the X direction, 175 feet in the Z, and is 85 feet thick, see Figure 7 below. The pad

ce. The boundary conditions for the rock model are that all three

degrees of freedom are fixed on the sides and on the bottom of the rock. These are applied as loads in
the ANSYS system and will be discussed again below. The completed model with the material numbers

identified for the various materials is shown in Figures 11 and 12 below.

is located in the center of the rock surfa

AN

A

Pad Mcdel, Soft and Hard Rock

Figure 7 — Isometric view of the rock

1% of &
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William Lettls & Associates, Inc.

1777 Rotelho Drive, Sulte 252, Walnut Creek. California 94596
Voice: (925) 256-6070  PAX: (925) 256-60176

Mr. Robert White

Geosciences Department

Pacific Gas & Electric Company
245 Market Street, Rm. 421-N4C
San Francisco, CA 94105

November 5, 2001

Re: Completion of Dats Reports (formerly appendices)

Dear Rob:

This letter transmits to Geosciences the following Diablo Canyon ISFSI Data Reports (formerly
called appendices) that were prepared under the WA Work Flan, Additional Geologic Mapping,
Exploratory Drilling, and Completion of Kincmatic Analyses for the Diablo Canyon Power Plant
Independent Spent Fuel Storage Installation Sitc, Rev. 2 (11/28/00) using data collected under that
Work Plan and a second WLA Work Plan, Additional Exploratory Drilling and Geologic Mapping

for the JSFSI Site, Rev. 1 (9/21/01). _
Dia FSI Data Report A - Geologic Mapping in the Plant Site and.
ISFSI Site Areas, Rev. 0, November S, 2001, November 5, 2001, prepared by J.
Bachhuber, 42 p.

Diablo C eport B- Borings in ISFSI Site Area, Rev. 0,
November 5, 2001, prepared by J. Bachhuber, 244 p.
Digblo C ata Re - 1998 Geophysical Investigations at the

ISFSI Site Area, (Agbabian Associates and GeoVision), Rev. 0, November 5.
2001, prepared by J. Bachhuber, 84 p.

Diablo Canyon ISFSI Data Report D -  Trenches in the ISFSI Site Area, Rev. 0,

November §, 2001, prepared by J. Bachhuber, 66 p.

Diablo Canvon [SFSI Data Report E, - Borehole Geophysical Data (NORCAL
Geophysical Consultants, Inc.), Rev. 0, November 5, 2001, prepared by C.
Brankman, 303 p.

Diablo Canyo I g F- Field Discontinuity Measurements, Rev. 0,
November 5, 2001, prepared by J. Bachhuber and C. Brankman, 85 p.

Diablo Capyon ISFSI Data Report G - Soil Laboratory Test Data (Cooper Testing

Laboratory), Rev. 0, November 5, 2001, prepared by J. Sun, 63 p.

Digblo Canyon ISFSI Data Report H-  Rock Strength Data and GSI Sheets, Rev. 0,
November 5, 2001, prepared by J. Bachhuber, 37 p.

11 of (¥
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Diablo Canyon ISFSI Data Report - Rock Laboratory Test Data (GeoTest

Unlimited), Rev. 0, November 5, 2001, prepared by J. Sun, 203 p.

Diablo Canyon [SFSI Data Report J —- .Pctrographic Analysis and X-Ray

" Diffraction of Rock Samples (Spectrum Petrographics, Inc.), Rev. 0, November 5,
2001, prepared by J. Bachhuber, 204 p.

Diablo Canyon JSFSI Data Report K - Petrographic and X-Ray Diffraction

Analyses of Clay Beds (Schwein/Christensen Laborataries, Inc.). Rev. 0,
November 5, 2001, prepared by J. Bachhuber, 36 p.

In addition to the revisions of those reports required under the various Work Plans. Mr.
Scott Lindvall, the WLA ITR for the ISFSI project, has performed independent technical
reviews of the Diablo Canyon ISFSI Data Reports as part of his review of Calculation
Package GEOQ.DCPP.01.21, Analysis of Bedrock Stratigraphy and Geologic Structure at
the DCPP ISFSI Site. He finds that the reports clcarly and accurately compile and

organize the data,

Mr. Albert Tafoya from the Diablo Canyon ISFSI Project Office in San Luis Obispo, Mr.
Dale Marcum, NQS Technical Oversight for the project, and William Page of your office
provided comments on the August versions of the Diable Canyon ISFSI Data Reports

(formerly called appendices) and their comments have been addressed.

These reports are submitted to you as per thc PG&E Geoscicnees Deparunent Calculation
Procedure GEQ.001, Rev. 04 (10/10/01).

We look forward to any comments you may have.

Sincerely,
WILLIAM LETTIS & ASSOCIATES, INC.

C

Robert C. Witter
Project Manager

CC: William Page

X of 1Z
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DCPP ISFSI GEOTECHNICAL CALCULATION PACKAGE

Development of allowable bearing capacity for DCPP ISFSI pad and

Title:
CTF stability analyses
Calc Number: GEO.DCPP.01.03
Revision: Rev. 1
Date: November 5 2001
Author: Robert K. White
Verifier: Joseph I. Sun
PURPOSE
As required by Geosciences Work Plan GEO 2001-03, Appendix B, determine static and

g the proposed DCPP ISFSI concrete pads

dynamic bearing capacity of rock underlyin
be used by PG&E consultants in assessing

and CTF site. Bearing capacity values will

factor of safety against bearing capacity failure given static and dynamic loads.

ASSUMPTIONS

1. Rock characteristics beneath ISFSI pads and CTF are adequately defined for purposes

of determining bearing capacity by the series of borings performed between 1998 and

2001 within ISFSI pad and CTF footprint and by strength envelopes derived from
field and lab data. This is a realistic assumption because the field and lab data and

strength characteristics have been extensively documented in

associated rock
01.21 and

Geosciences calculation packages GEO.DCPP.01.16 through GEO.DCPP.

related Data Reports referenced in those calculations.
and elevations of ISFSI pads and CTF are as defined in

2. Locations, dimensions,
001, page 11, attached) and in relation to

Klimczak, 9/27/01 (Drawing PGE-009-SK-
borings, as indicated in Fig. 21-4, GEO.DCPP.01.21.

Pads are not embedded on at least one side during a substantial period of time prior to

additional pads being constructed adjacent. This is a conservative assumption, as the

assumed lack of embedment reduces the allowable bearing capacity in the rock when

modeled as a cohesionless material. _
4. Groundwater is much lower than base of pads
documented in Klimczak, 10/19/01, page 16, attached, in borings as shown in Figure

21-3 of GEO.DCPP.01.21.

, based on field measurements as

page 1 of %2
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Calc. Number: GEO.DCPP.01.03 Rev. 1

DESIGN INPUTS

(V3 )

‘U\

Rock Quality Designation (RQD) as tabulated in Table 1, from borings within ISFSI
and CTF footprints per boring logs in Witter, 11/5/01, Data Report B.

Rock mass types beneath footprint as presented in Figure 21-41 from Geosciences
calculation GEO.DCPP.01.21. .

Rock friction angle of 50 degrees for dolomite, sandstone, and friable sandstone
beneath footprint, from Geosciences calculations GEO.DCPP.01.16 and

GEO.DCPP.01.19.
Rock unit weight of 140 pcf for rock mass beneath footprint, from Witter, 11/5/01,

Data Report . _
Elevation of base of ISFSI pads of 302, from Klimczak

Elevation of base of CTF of 282, from Klimczak, 10/17/01, page 18, attached, for
elevation of ground surface at 306 for boring CTF-A, and Klimczak, 9/27/01
(Drawing UFSP-SK-00, page 12, attached) for 24-foot depth of CTF.

. 10/5/01, page 14, attached.

METHODOLOGY

3%

. Determine average RQD for

depth below pad equal to proposed foundation width
from each boring beneath pads, or to maximum depth of borings if less than
foundation width.

Determine average RQD for depth below pad equal to ¥ proposed foundation width.
Using whichever average value of RQD is less, obtain allowable (static) contact
pressure beneath pads from Table 22.2, pg. 362, of Peck and others (1974), which
limits settlement to 0.5 inch or less.

Using the friction angle defined for the underlying rock mass and the general bearing
equation and associated bearing capacity factors from pp. 26 to 28 of U.S. Army
Corps of Engineers (1993), calculate ultimate bearing capacity beneath pads. Reduce
ultimate by factor of 3 for allowable static capacity.

Compare value of allowable contact pressure from RQDs with allowable bearing
capacity from strength envelope and select minimum value for analyses. Increase
static value by 1/3 for dynamic analyses per Section 1612.3.2 of ICBO (1997).
Perform similar assessment of RQD for CTF site, and compare with average RQD
value to determine applicability of value derived for ISFSI pads at CTF site.

page 2 of B0
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SOFTWARE

No software is used to perform calculations.

ANALYSIS

A plan view of the ISFSI pad footprint is provided in Klimczak, 9/29/01, Drawing PGE-
009-SK-001, page 11, attached. Planned pad width of 68 feet is shown on the plan view
on page 11. The planned pad base elevation is 302 feet from Klimczak, 10/5/01, page 14,
attached. Boring log designations, elevations, total depths, and date borings begun, all
from the boring logs in Witter, 11/5/01, Data Report B, are tabulated in Table 1 (page 7).
Elevations from boring logs were approximated at time of borings, but are within 2 feet
of surveyed elevations (Klimczak, 10/17/01, page 18), which is acceptable for this
engineering purpose. Values of RQD were obtained from the boring logs and are also
tabulated in Table 1, as well as average values of RQD calculated for depths equal to %
of the pad width (conservatively, say 20 feet, based on pad width of 68 feet from page
11), and to depths of full pad width or to bottom of hole if less.

The minimum average RQD for the elevation interval between 300 and 280 feet from the
values tabulated on page 7 is 19 (boring 01-C). The minimum average RQD for the
elevation interval between 300 and 255 feet is 18 (boring 01-D). It should be noted that
three of the four borings with significantly lower RQD (A, C ,and D) were drilled by the
same rig and crew (based on the boring logs), whereas bonngs with significantly higher
RQD (B, E, and G) were drilled by an alternate rig and crew. (Boring 98BA-2 was
drilled by a third rig and crew.) This suggests that the variations in RQD for these
borings may be more a function of dnllmg expertise than actual variations in rock
quality. Nevertheless, for analysis purposes, the lowest RQD values will be used.
Interpolating between values of allowable contact pressure listed in Table 22.2 from Peck
and others (1974), page 20, attached, for an RQD of 18, the allowable contact pressure

equals 24 tsf; say, 20 tsf.

Values of RQD were also obtained from the boring at the CTF site and are tabulated in
Table 2. The minimum RQD value of 30 is still well above the minimum average
obtained in the ISFSI pad footprint. Therefore, the allowable contact pressure of 20 tsf

determined at the pads is also applicable, though conservative, at the CTF site.

page 3 of 20
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To determine the ultimate bearing capacity, the rock types underlying the pads are
determined from Figure 21-41 (from GEO.DCPP.01.21) to be dolomite, sandstone, and
friable sandstone. These rock types are all determined to have about the same friction
angle of 50 degrees with no cohesion (from GEO.DCPP.01.16 and GEO.DCPP.01.19) for

potential large-scale (100 feet or longer) failure surfaces passing simultaneously through

numerous discontinuities and intact portions of rock, which would be the case for a

bearing capacity type failure under the large pads proposed. The analysis uses formulas
and tables from U.S. Army Corps of Engineers (1993), pp- 21 through 25, attached.

Ultimate bearing capacity, qu, is defined by:

Qu = % B 7» Ny, (equation 4-1, pg. 22, attached**)
footing width, (68 feet from page 11 attached, but no greater than 6 feet,

where:. B =
per page 25 attached)
y» = unit weight, (140 pcf, or 0.07 tcf, per Witter, 11/5/01, Data Report I)
N, = bearing capacity factor for soil weight in the failure wedge (minimum

value from Table 4-4 is 568.56 for ¢ = 50 degrees, from page 24 attached)
**> Note: N and N terms are zero since assuming no cohesion and no surcharge

from embedment.

Inserting these values into the equation obtains:
qu = ¥2 (6) (0.07) (568) = 119 tsf

The allowable bearing capacity is obtained by:
qQa=qu/SF=119/3=40tsf.

By comparison, the allowable contact pressure of 20 tsf is less than the allowable bearing

capacity of 40 tsf, so the former governs. The allowable capacity is for static loading.
During earthquake loading, the allowable capacity can be increased by 33% to 26 tsf, per

ICBO (1997), Section 1612.3.2, page 28, attached.

RESULTS

The allowable bearing capacity of the rock underlying the proposed ISFSI pad base under
static loading is 20 tsf, based on RQD data from borings obtained in the pad footprint.
The allowable capacity can be increased to 26 tsf, for earthquake loading.

page 4 of 30
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CONCLUSION

Allowable static and dynamic bearing capacities have been developed for the DCPP
ISFSI concrete pads, for use by others in assessing factors of safety against excessive
settlement or bearing failure. These values are also applicable, though conservative, at

the CTF site.
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Boring
Elevation
Total Depth
Log Date

Depth Interval
300-295
295-290
200-285
285-280
280-275
275-270
270-265
265-260
260-255.
255-250
250-245
245-240
240-235
235-230
230-225
225-220

300-280
280-BOH
300-BOH

RQD from borings in proposed ISFSI pad footprint and averages for various intervals

01-A
305
72
04/19/2001
Run RQD
2 14
3 19
4 23
5 47
6,7 28
8 48
9,10 40
1" 26
12 52
13 44
14 66
15 56
16 16
Average
26
42
37

04/21/2001
Run RQD
5 64
6 40
7 68
8 40
9 34
10 28
11 62
12 48
13 56
14 48
Average
53
46
49

01-C 01-D
323 326
67 69
04/22/2001 04/17/2001
Run RQD Run RQD
4 30 7.8 30
5 0 9,10 23
6 34 1 25
7 12 12 9
8,9 13 13,114,145 10
10 7 16 15
1 27 17 9
12 62 18 20
13 10 19,20 22
Average Average
19 22
24 15
22 18
TABLE 1
page _of 30

01-E 01-G
339 315
81 76
04/19/2001 04/17/2001
Run RQD Run RQD
8 45 5 62
9 16 6 84
10 84 7 87
11 66 8 78
12 76 9 78
13 80 10 83
14 90 11 5
15 88 12 20
16 88 13 30
14,14a 48
15 66
16 30
Average Average

53 78
84 45
70 56

Calc number GEO.DCPP.01.03 Rev. 1~

98BA-2
330
165
05/27/11998
Run RQD
7 2?2
8 20
9 10
10 36
11 0
12 36
13 16
14 50
15 52
16 26
17 34
18 24
19 38
20 74
21 66
22 0
Average
22
35
32
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RQD from boring in proposéd CTF footprint

Boring
Elevation
Total Depth
Log Date

Depth Interval
284-279
279-274
274-269
269-264
264-259
259-255
255-253
253-248

CTF-A
306
59
04/18/2001
Run RQD

6 86
7 66
8 30
9 48
10 64
1 52
12 35
13 84

TABLE 2
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File #: 72.10.05

Phone: (415) 973-0544

Date: September 27, 2001

To: Robert K. White
PG&E Geosciences Dept

From: Richard L. Klimczak, Project Engineer

Diablo Canyon Units 1 and 2
Transmittal of ISFS! Site and
Storage Project

Subject:

Vicinity Plans for the DCPP Used Fuel

Pacific Gas and

g1 Electric Company

Dear Rob,

Attached are copies of three site plan drawings and a sketch of the cask transfer

facility.
ot plan. Fig. 2.1-2is a site plan showing the

PG&E Drawing 471124 is a plant site pl
ISFSI and Transport Route. UFSP-SK-004 is a sketch of the Cask Transfer Facility.

PGE-009-SK-001 is the ISFSI site piot plan showing the cask storage pads, Cask
f the ISFSI site. The drawing was prepared by

Transfer Facility and the near vicinity ©
Enercon Services Inc. Per Holtec calculation HI-2012618, Rev. 3, the weight of each

loaded cask is 360,000 pounds.

This transmittal is per requirements of DCPP Procedure CF3.ID17.

If you have comments or questions please contact me at (805) 595-6320 or A. Tafoya

at (805) 595-6392.

,Z;L/ZKZME'% :

Richard L. Klimczak

Project Engineer
Diablo Canyon Used Fuel Storage Project

Attachments: Dwg 471124, Fig. 2.1-2, PGE-009-SK-001, UFSP-SK-004

cc: LJStrickland SLO B3 w/o  WPage 245 Market N4C 4188 w/o
- BHPatton SLO BB wio DCPPRMS DCPP 119/1

NJahangir DCPP 201/112 w/o DCPP Chronological Flle
AFTafoya SLOB10 DCPP File N0.72.10.05

pt 9%
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DWG. NO. REVISION TITLE

471124 l Plot Plan

Fig. 2.1-2 D Plan Drawing of the ISFSI Site

PGE-009-SK-001 0 Site Plot Plan, ISFSI Cask Storage Pad, Cask Transfer
Facility '

UFSP-SK-004 A Cask Transfer Facility Structure (Schematic)

gog 12 3
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Date:  (ctober 5, 2001 File #: 72.10.05

To: William Page / Robert K. White
PG&E Geosciences Dept
From: Richard L. Klimczak, Project Engineer

Subject:  Diablo Canyon Units 1 and 2
Transmittal of Requested Drawings and Re-Transmittal of items Not

Attached to 9/26/01 Letter

Pacific Gas and
) Electric Company

Dear Bill,
Reference your 10/4/01 e-mail “Maps Still Needed.”

Drawing Fig. 2.1-2

We are transmitting herewith paper and electronic “For Information Only” copies of Fig.
2.1-2, dated 10/5/01, to replace the drawing transmitted by our lener dated 9/27/01. The
attached drawing identifies the subject road as the Patton Cove Bypass. »

Requested Drawings

Attached ars full copies of the EDMS drawings tabulated on the second page of this
memo. Electronic copies are provided in a CD ROM, “UFSP GEO Site & Topo Dwgs.”,

10/5/01.

Four Survev Runs and Profiles

As we agrecd, and you noted in another e-mail later on 10/4/01, profiles for survey
information for Sections D-D’, E-E’, F-F’ and I-T" are to be plotted by Geosciences’

consultants using appropriate software.

Transmittal Letter to Robert K. White, “Transmittal of Survey Points for Four Cross-

Sections™, dated 8/26/01

Transmitted herewith are paper and electronic copies of items missing from the subject
transmittal related to field surveys performed by Fleming Surveys, Inc., at the request of

Bill Page and including:

F.o.zx, \Y 0530
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1) Diablo-pnts.xls: The Points Lists submitted by Pacific Engineering for four

topographic profile lines D-D*, E-E’, F-F’ and I-I".

2) CYN-tld.dwg: A sketch prepared by Pacific Engineering showing in plan the
routes of the four field survey lines and can serve as a guide to the relative locations

of the tabulated data.

Per your request, the survey routes shown on this sketch will be re-transmitted at a

later dated after it bas been plotted on plant 20-scale drawings.

. The last sentence of the subject 9/26/01 letter should read “Please confirm that
dacuments transmitted with this letter are the same as those sent to youby FAX and e-
mail as mentoned herein. This transmittal is per requirements of DCPP Procedures i

'\f\ CF3.ID17”

ISFSI slab is 302 ft.

Also included in the CD is an electronic copy of engineering drawing PGE-OO4-54—00 1,
Rev. 0. A hard copy was transmitted on 9/27/01. The clevation at the bottom of the

If you have questions please contact me at (805) 595-6320 or A. Tafoya at

- (805) 595-6392.

Richard L. Klimczak

Project Engineer

Diablo Canyon Used Fuel Storage Project

cc:  LIStrickland SLOB3
BHPatton ‘SLO BB
AFTafoya SLO B10
CEHartz SLOBO
WPage 245 Market N4C, 422B
RKWhite 245 Market N4C, 418B
JISun 245 Market N4C
JCYoung 245 Market N4C, 413C
DCPF Chronological File
DCPP RMS DCPP 119/1

DCPP File No. 72.10.05

gmaz—\‘(' % 30
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Date: October 19, 2001 File #: 721005 :\S
To: Robert K. White
From: Richard L. Klimczak, Project Engineer
Subject:  Diablo Canyon Units 1 and 2
Transmittal of January 2001 Ground Water Level Measurements at the ISFSI Site

Pacific Gas and
Electric Company

ook

Dear Rob,

Report No. 420DC-01.70 as revised on 10/16/01 to add
rmed by TES, on January 23, 2001. A report of
re previously transmitted to you on October 10, 2001.

Attached is a copy of the one page TES
ground water level measurements perfo
measurements taken October 4, 2001we

The water levels were measured inside boreholes 98BA-1 and 98BA-3 at the ISFSI site.
The record of January 2001 measurements was requested in AR A0541736.
This transmittal is per requirements of DCPP Procedure CF3.1D17.

Please let me, or A. Tafoya, know if you have any questions.

Lo ¥ Mol

Richard L. Kiimczak
Project Engineer
Diablo Canyon Used Fuel Storage Project

cc: LJStrickland SLO B3

BHPatton SLO BB

AFTafoya sLoB10 .
CEHarz SLO B0 ‘\
WPage 245 Market N4C, 422B '
JiSun 245 Market N4C, 422A

JYoung 245 Market N4C, 413C

DCPP Chronological File
DCPP RMS DCPP 115/1
DCPP File No. 72.10.05

%\5 ob'So
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Report issued: October 8, 2001 Report 420DC-01.70

Report Revised: October 16, 2001
Gep.ocpp- of . 0% Pav. L

Pacific Gas and Electric Company
Laboratory Test Report

Technicai and Ecological Services
3400 Crow Canyon Road
San Ramon, CA 94583

susJEcT: DIABLO CANYON POWER PLANT - ISFSI Water Level Readings

On October 4, 2001 water level readings were taken at the ISFST site and the Lot 7 site. A Solinst
Model 101-300 P3 Serial # 20436 water level indicator was used for all readings and is in good
working order. The water level indicator is graduated in hundredths of a foot. All piezometer caps
were in place before readings and replaced after readings. All water level readings are from the top

' of the standpipe. The readings are as follows:

Bore Hole # Water Level
[SFSI Site
- 98 BA-1 235.60°
98 BA-3 ' 217.76°
Lot 7 Site

DCSF 96-1(WLA-1) 18.22' (Bottom at 32.007)
DCSF 96-6(WLA-6) Dry(Bottom at 23.68") -

Read on January 23; 2001

ISFSI Site
98 BA-1 205.90°
98 BA-3 199.76’

All readings were performed with the same water level indicator. The January 23, 2001 readings
were the first set of readings for the ISFSI site by TES. The first readings for the Lot #7 site by

TES was October 4, 2001.

Date: /0// £ /0 /

Distribution: Steve ﬁi ten
, on Schletz - Tested By:

" Robert White

Approved By:

w\y 5}30
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Date:  October 17, 2001 File #: 721005 ¢

To: Robert K. White
PG&E Geosciences Department

From: Richard L. Klimczak, Project Engineer

Subject: Diablo Canyon Units 1 and 2

ook

Transmittal of Field Survey Points for ISFSI Site

Pacific Gas and
Electric Company

Dear Rob,

Attached are a transmittai letter, hard copy and CD of files containing data points from several
field surveys performed by Fleming Surveying at the ISFSI Site. :

ASCII File Date of Field Work  Brief Description

ltem

1 - - Transmittal of Files, Fleming
Surveys, Inc., dated 10/12/01

2 71498 asc 7/14/98 “Topo" of hillside

3 61600.asc 6/16/00 Trenches

4 122000.asc 12/20/00 Added trenches

5 42301.asc 4/23/01 Bores

6 9601.asc 9/6/01 & 9/7/01 Cross sections

This transmittal is per requirements of DCPP Procedure CF3.ID17.
If you have questions please contact me at (805) 595-6321 or A. Tafoya at (805) 595-6392.

ity L.

Richard L. Klimczak

Project Engineer
Diablo Canyon Used Fuel Storage Project

cc: LJStrickland SLOB3 wlo
BHPatton SLO BB w/o -
AFTafoya SLO B10
WPage 245 Market N4C, 422B w/o
JCYoung 245 Market N4C, 413C w/o -

DCPP Chronological File
DCPP RMS DCPP 119/1
DCPP File No. 72.10.05
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362 22/ Foundations on Rock

Table 22.1 Allowable Pressures on Rock (Tons/Sq Ft) Abstracts from Various
Building Codes*

Code®
Material
A4 B C D

Massive crystalline bedrock including granite, diorite, 100 100 0.2¢. 10

gneiss, traprock, hard limestone, and dolomite
Foliated rocks such as schist or slate in sound condi- 40 40 0.2¢9. 4

tion
Bedded limestone in sound condition 40 3 0.2¢. 4
Sedirentary rock, including hard shales and sand- 25 3 0.2q. 3

stones
Soft or broken bedrock (excluding shale), and soft 10 0.24.

limestone ’ :
Soft shale 4 0.2¢.

Note: The New York City (1970) code refers specificallv zo the geological formations in the locality
and to their condition. For example, 60 tons /sq ft are allowed on kard sound rock, defined as follows:
“Includes crysialline rocks such as Fordham gneiss, Ravenswood gneiss, Palisades diabase, Man-
hattan schist. Characteristics are: the rock rings when struck with a pick or bar; does not disintegrate
after exposure to air or water; breaks with sharp fresh fracture; cracks are unweathered and less than
# in. wide, generally no closer than 3 ft apart; core recovery with a double tube, diamond core barre!
is generally 86 per cent or greater for each 5 ft run.” Such provisions. based on local experience and
conditions, represent excellent practice.

¢ Values do not include increases allowed for embedment.

"4 = BOCA (1968); B = National Building Code (1967); C = Uniform Building Code (1964);
D = Los Angeles (1959).

¢ g« = unconfined compressive strength.

Table 22.2 Allowable Contact Pressure g.

the design is based on these values, the settle-
on Jointed Rock

ment of the foundation should not exceed

0.5 in., even for large loaded arcas.

The RQD for use in Table 22.2 should o 9"
be the average within a depth below foun- RQD {tons ’sq ft) (Ib sq in)
dat_ion level Fqual to the wi.dth 'of the foun- 100 300 4170
dation, provided the RQD is fairly uniform %0 200 2780
within that depth. If the upper part of the 35 120 1660
rock, within a depth of about B 4, is of 50 65 970
lower quality, the value for this part should 25 30 410

0 10 140

be used or the inferior rock should be re-
moved. Since the values in Table 22.2 are
based on limiting the settlement, they
should not be increased if the foundation is
embedded into the rock. Although some
building codes arbitrarily allow substantial
increases in contact pressure if a pier is
drilfed into the rock two or three diameters,
or allow increases attributed to the develop-
ment of side friction between the embedded
portions of the piers and the rock, such

?‘,&, 10 1730

¢ If tabulated value of g, exceeds unconfined
compressive strengzk ¢, of intact samples of the
rock. as it might in the case of some clay shales,

for instance, take ¢, = ¢..

allowances are usually based on the incor-.
rect premise that the capacity of the piers
is governed by the bearing capacity rather
than the compressibility of the rock.

~———
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CHAPTER 4
SHALLOW FOUNDATIONS

4-1. Basic Considerations

Shollow foundations may consist of spread
footings supporting isolated columns, combined foot-
ings for supporting loads from several columns, strip
footings for supporting walls, and mats for supporting
the entire structure.

A. SIGNIFICANCE AND USE. These
' foundations may be used where there is @ suitable
bearing stratum near the ground surface and seffle-
ment from compression or consolidation of underlying
soil is acceptable. Potential heave of expansive foun-
dation soils should also be acceptable. Deep founda-
tions should be considered if a suitable shallow bear-
ing stratum is not present or if the shallow bearing
stratum is underlain by weak, compressible soil.

B. SETTLEMENT LIMITATIONS. Settle-
ment limitation requirements in most cases control the
pressure which can be applied to the soil by the foot-
ing. Acceptable limits for total downward settlement or
heave are often 1 to 2 inches or less. Refer to EM
1110-1-1904 for evoluation of settlement or heave.

1. Total Settlement. Total setflement
should be limited to avoid damage with connections in
structures to outside ufilities, to maintain adequate
drainage and serviceability, and fo maintain adequate
freeboard of embankments. A typical allowable settle-
ment for structures is 1 inch.

2. Differential Settlement. Differentiol
setilement nearly olways occurs with toltal settlement
and must be limited fo avoid cracking and other dom-
age in structures. A typical aflowable differential/span
length rafio A/ for steel and concrete frame structures
is 1/500 where A is the differential movement within
span length L

C. BEARING CAPACITY. The ultimate
bearing capacity should be evaluated using results
from a detoiled in sitv and laboratory study with suit-
able theoretical analyses given in 4-2. Design ond al-
lowable bearing copocities are subsequently deter-
‘mined according o Table 1-1.

‘»vao 1+

4-2. Solution of Bearing Capacity

Shallow foundations such as footings or mats
may undergo either a general or local shear failure.
Local shear occurs in loose sands which undergo large
strains without complete failure. Local shear may also
occur for foundations in sensitive soils with high ratios
of peck fo residual strength. The failure pattern for gen-
eral shear is modeled by Figure 1-3. Solutions of the
general equafion are provided using the Terzaghi,
Meyerhof, Hansen and Vesic models. Each of these
models have different capabilifies for considering foun-
dofion geometry and soil conditions. Two or more
models should be used for each design case when
practical to increase confidence in the bearing capacity

analyses.

A. GENERAL EQUATION. The ultimate
bearing capacily of the foundation shown in Figure
1-6 can be determined using the general bearing cc-
pacity Equation 1-1

1
g, = cN.L. + 5 B'viuN,L, + ooNZLg (4-1)

where .
q. = ultimate bearing capacity, ksf

¢ = unit soil cohesion, ks
B’ = minimum effective width of foundation B —

2e,, ft

€» = eccentricity parallel with foundation width
B, M/Q, It

M, = bending moment parallel with width B,
kips-ft

O = verticol load applied on foundation, kips
v = effective unit weight beneath foundation
base within the failure zone, kips/ft’ ["‘{7

o}, = effective soil or surcharge pressure at the

foundation depth D, vb - D, kst

5 = effective unit weight of soil from 63
surfoce to foundation depth, kips/

D = foundation depth,

%30
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Table 4-1. Terzaghi dimensionless bearing capacity factors {(after Bowles 1988)

& N, N, N, &’ N, N, N,
28 17.81 31.61 15.7 0 1.00 570 00
30 22.46 37.16 19.7 2 1.22 6.30 0.2
32 28.52 44.04 27.9 4 1.49 6.97 0.4
34 346.50 52.64 346.0 é 1.81 7.73 0.6
35 41.44 5775 42.4 8 2.21 8.60 0.9
36 47.16 63.53 520 10 2.69 9.60 1.2
38 61.55 77.50 80.0 12 3.29 10.76 1.7
40 81.27 95.66 100.4 14 402 12.11 2.3
42 108.75 119.67 180.0 16 4.92 13.68 3.0
44 147.74 151.95 ' 257.0 18 6.04 15.52 39
45 173.29 172.29 297.5 20 7.44 17.69 49
46 204.19 196.22 420.0 22 9.19 20.27 58
48 287.85 258.29 780.1 24 11.40 23.36 7.8
50 415.15 347.51 1153.2 26 14.21 27.09 M.z

N.N,,N, = dimensionless bearing capacity factors of
cohesion ¢, soil weight in the Failure

wedge, and surcharge q terms

L.L,.L, = dimensionless correction factors of cohe-
sion ¢, soil weight in the failure wedge,
and surcharge q accounting for foundation

geometry and soil type

1. Net Bearing Capacity. The net ulti-
mate bearing capacity g; is the maximum pressure that
may be applied fo the base of the foundation without
undergoing a shear failure that is in addition to the
overburden pressure at depth D.

9.=9.-vw D (4-2)

2. Bearing Capacity Factors. The di-
mensionless bearing capacity factors N, N,, and N,
are functions of the effective friction angle ¢’ and de-
pend on the model selected for solution of Equation 4-
1.

3. Correction Factors. The dimension-
less correction factors L consider a variety of options
for modeling actual soil and foundation conditions and
depend on the model selected for solution of the ulti-

mate bearing capacily. These options are foundation
shape with eccentricity, inclined loading, foundation

depth, foundation base on a slope, and a filted foun-
dation base.

B. TERZAGHI MODEL. An early approx-
imate solution to bearing capacity was defined as gen-
eral shear failure (Terzaghi 1943). The Terzaghi model
is applicable to leve! strip foofings placed on or near

a level ground surface where foundation depth D is
less than the minimum width B. Assumptions include
use of a surface footing on soil at plastic equilibrium
and a failure surface similar to Figure 1-3a. Shear re-
sistance of soil above the base of an embedded foun-
dation is not included in the solution.

1. Bearing Capacity Factors. The Ter-
zaghi bearing capacity factors N, and N, for general
ls)hecn' are shown in Table 4-1 and may be calculated

y .

N, = (N, = l)cot ¢’ (4-3a)

e;zro—o'/leo)- on &'

No= 2cost{45 + &' /2)

(4-3b)

Factor N, depends largely on the assumption of the
angle ¥ in Figure 1-3a. N, varies from minimum values
using Hansen’s solution to maximum values using the
original Terzaghi solution. N,, shown in Table 4-1, was
backfigured from the original Terzaghi values assum-
ing U = ¢’ {Bowles 1988). i

2. Correction Factors. The Terzaghi cor-
rection foctors ¢ and L, consider foundation shape
only and are given in Table 4-2. I, = 1.0 {Bowles

1988).

C. MEYERHOF MODEL. This solution
considers correction factors for eccentricity, load incli-
nation, and foundation depth. The influence of the
shear strength of soil above the base of the foundation
is considered in this solution. Therefore, beneficial ef-
fects of the foundation depth can be included in the
analysis. Assumptions include use of a shape foctor L,

(;u-«GO 1+hH deD
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Table 4-3. Meyerhof, Hansen, and Vesic dimensionless I;eaﬁng capacity

Factors
N,

I N, N. N, Meyerhof Honsen Vesic
0 1.00 5.14 1.00 0.00 0.00 0.00
2 1.07 5.63 1.20 0.01 0.01 0.15
4 1.15 6.18 1.43 0.04 0.05 0.34
é 1.23 6.81 1.72 0.11 o 0.57
8 1.32 7.53 2.06 0.21 0.22 0.86

10 1.42 8.34 2.47 0.37 0.37 1.22

12 1.52 9.28 2.97 0.60 0.63 1.69

14 1.64 10.37 3.59 0.92 0.97 2.29

16 1.76 11.63 434 ‘1.37 1.43 3.06

18 1.89 13.10 5.26 200 208 407

20 2.04 14.83 6.4C 287 2.95 539
22 2.20 16.88 7.82 4.07 413 713
24 2.37 19.32 9.60 5.72 575 9.44
26 2.56 22.25 11.85 8.00 7.94 12.54
28 2.77 25.80 14.72 11.19 10.94 16.72
30 3.00 30.14 18.40 15.67 15.07 22.40
32 3.25 35.49 23.18 22.02 20.79 30.21

34 3.54 42.16 29.44 31.15 28.77 41.06
36 3.85 50.59 37.75 44 43 40.05 56.31

38 4.20 61.35 48.93 64.07 5617 78.02
40 4.60 75.3% 64.19 93.69 79.54 109.41

42 5.04 93.71 85.37 139.32 113.95 155.54
A4 5.55 118.37 115.31 211.4 165.58 224.63
A4S 6.13 152.10 158.50 328.73 244.64 330.33
48 6.79 199.26 - 222.30 526.44 368.88 49599
50 7.55 266.88 319.05 873.84 568.56 762.85

1. Restrictions. Foundation shape with
eccentricity La, Ly and Lo and inclined loading La, Lyir
ond L.; correction factors may not be used simultane-
ously. Correction factors not used are unity.

2. Eccentricity. Influence of bending mo-
ments is evaluated as in the Meyerhof model.

3. inclined loads. The B component in
Equation 4-1 should be width B if horizontal load T is
parallel with B or <hould be W if T is parallel with
length W.

E. VESIC MODEL. Toble 4-6 illustrates the
Vesic dimensionless bearing capacity and correction
factors for solution of Equation 4-1.

1. Bearing Capacity Factors. N, ond
N, are identical with Meyerhof's and Hansen’s factors.
N, was taken from on analysis by Caquot and Kerisel

"(1953) using ¥ = 45 + &/2.

\'xua,e 'L‘-/

2. Local Shear. A conservative estimate
of N, may be given by

'

N, = {1 + tond’) - €°™ - tan’ [45 + %—] (4-9)

Equation 4-9 assumes @ local shear failure and leads
to a lower bound estimate of q.. N; from Equation
4-9 may also be used to calculate N and N, by the

equations given in Table 4-6.

F. COMPUTER SOLUTIONS. by com-
puter progroms provide effective methods of estimating
ultimate and allowable bearing capacities.

1. Program CBEAR. Program CBEAR
(Mosher and Pace 1982) can be used to calculate the
bearing capacity of shallow strip, rectangular, square,
or circular foolings on one or wo soil layers. This pro-
gram uses the Meyerhof and Vesic bearing capacity
factors and correchion factors.

¢ 3
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K,. = punching shear coefficient, Figure 4-2a, 4-2b,
and 4-2¢
&g = angle of internal friction of upper dense sand,
degrees
S, = shape foctor
Q= tltfimate bearing capacity of upper dense sand,
s

The punching shear coeHficient k,, can be found from
the charts in Figure 4-2 using the undrained shear
strength of the lower soft clay and a punching shear
parameter Co,. Cou, ratio of L/ .ea Where I is the av-
érage mobilized angle of shearing resistance on the
assumed failure plane, is found from Figure 4-2d using

s ond the bearing capacity ratioc Ry. Rx =
0.5v,0aBN,/ICNJ). Bis the diameter of a circular foot-
ing or width of a wall footing. The shape factor S,,
which varies from 1.1 to 1.27, may be assumed unity

for conservative design. ,

3. Stiff Over Soft Clay. Punching shear

failure is assumed for stiff over soft clay.

a. D = 0.0. The ultimate bearing capacily
can be calculated for a footing on the ground surface
by {Brown and Meyerhof 1969)

Wall Footing: _
g, = CoupperNewo (4-11q)

Circular Footing:

Neo=1514+514 Cuomw < 514 (4-11b)
Bao C

UIPPeT
G = CovpparNeco (4-11¢)
Neo= 30t + 6.05 Cuow < 605 (4-11d)
Bdio Cu,u?p‘f
where
Cypuppee = undrained shear strength of the stiff upper
clay, ksf
C, o = undrained shear strength of the soft lower
clay, ksf

N... = bearing capacity factor of the wall footing
N, o = bearing capacity factor of the circular footing
‘B, = diameter of circular footing, k

A rectangular footing may be converted to a circular
footing by Bgo = 2(BW/71)'/? where B = width and W

= length of the footing. Factors Newo and N, will over-
esfimate bearing capacity by about 10 percent if
Coiove! Covoper = 0.7. Refer to Brown and Meyerhof
(1969) for charts of Newo ond Nxo.

b. D > 0.0. The ultimate bearing capocity
can be calculated for a footing placed at depth D by

Wall Fooling:

q. = Cu.upporNcw.D + YD (4'] 20)

Circular Footing:

qu = Cu.uppdNo:.D + YD (4'] Zb)
where
N.. = bearing capacity factor of wall footing with
D>0.0
N.o = bearing capacity factor of rectangular foofing.
with D> 0.0

= N.o[1 + 0.2(8/W]
y = wet unit soil weight of upper soil, kips/f’
D = depth of foofing, :

N..p may be found using Table nd N, from Equation
4-11b. Refer to Department of the Navy {1982) for
charts that can be used to calculate bearing capacities
in two layer soils.

4. Computer Analysis. The bearing ca-
pacity of multilayer soils may be estimoted from com-
puter solutions using program CBEAR [Mosher and
Poce 1982). Program UTEXAS2 (Edris 1987) calcu-
lates FS for wall footings and embankments, which have
not been validated with field experience. UTEXASZ s
recommended as a supplement to CBEAR until FS have
been validated.

!

\ H. CORRECTION FOR LARGE FOOT-

! INGS AND MATS. Bearing capocity, obtained using
Equation 4-1 and the bearing capacity factors, gives
capacities that are too large for widths B> 6 ft. Thisis |

too large (DeBeer 1965; Vesic 1969). '

1. Setflement usually controls the design and
loading of large dimensioned structures because the
foundation soil is stressed by the applied loads to deep
depths.

2. Beoring capacity may be corrected for
large footings or mats by multiplying the surcharge

\%95/ 17 ’Jb’ao
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walls under a load of 5 psf (0.24 kN/m?) shall not exceed 11249 of
the span for walls with brittle finishes and 14129 of the span for
walls with flexible finishes. See Table 16-O for earthquake design
requirements where such requirements are more restrictive.
EXCEPTION: Flexible. folding or poriable partitions are not
required 10 meei the load and deflection criteria but must be anchored
to the supponing structure to meei the provisions of this code.

1611.6 Retaining Walls. Retaining walls shall be designed to
resist loads due to the lateral pressure of retained material in
accordance with accepted engineering practice. Walls retaining
drained soil, where the surface of the retained soil is level. shall be
designed for a load. H, equivalent to that exerted by a fluid weigh-
ing not less than 30 psf per foot of depth (4.71 kN/m=/m) and hav-
ing a depth equal to that of the retained soil. Any surcharge shall be
in addition to the equivalent fluid pressure.

Retaining walls shall be designed to resist sliding by at least
1.5 times the lateral force and overturning by at least 1.5 times the
overturning moment, using allowable stress design loads.

1611.7 Water Accumulation. All roofs shall be designed with
sufficient slope or camber to ensure adequate drainage after the
long-term deflection from dead load or shall be designed 10 resist
ponding load. P. combined in accordance with Section 1612.2 or
1612.3. Ponding load shall include water accumulation from any
source, including snow. due to deflection. See Section 1506 and
Table 16-C. Footnote 3. for drainage slope. See Section 1615 for
deflection criteria.

1611.8 Hydrostatic Uplift. All foundations. slabs and other
footings subjected 1o water pressure shall be designed 1o resist a
uniformly distributed uplift load. F. equal to the full hvdrostatic

pressure.

1611.9 Flood-resistant Construction. For flood-resistant con-
struction requirements. where specifically adopted. see Appendix

Chapter 16. Division I'V.

1611.10 Heliport and Helistop Landing Areas. In addition to
other design requirements of this chapter. heliport and helistop
landing or touchdown areas shall be designed for the following
loads. combined in accordance with Section 1612.2 or 1612.3:

1. Dead load plus actual weight of the helicopter.

2. Dead load plus a sing.le concentrated impact load. L. cover-
ing 1 square foot (0.093 m=) of 0.75 times the fully loaded weight
of the helicopter if it is equipped with hydraulic-tvpe shock
absorbers. or 1.5 times the fully loaded weight of the helicopter if
it is equipped with a rigid or skid-1vpe landing gear.

3. The dead load plus a uniform live load. L.of 100 psf (4.8 kKN
m2). The required live load may be reduced in accordance with
Section 1607.5 or 1607.6.

1611.11 Prefabricated Construction.

1611.11.1 Connections. Every device used to connect pre-
fabricated assemblies shall be designed as required by this code
and shall be capable of developing the strength of the members
connecled. except in the case of members forming parn of a struc-
tural frame designed as specified in this chapter. Connections shall
be capable of withstanding uplift forces as specified in this

chapter.

1611.11.2 Pipes and conduit. In structural design, due allowance
shall be made for any material to be removed for the installation of

pipes. conduits or other equipment.

1611.11.3 Tests and inspections. See Section 1704 for require-
ments for tests and inspections of prefabricated construction.

2 Cone 1
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SECTION 1612 — COMBINATIONS OF LOADS

1612.1 General. Buildings and other structures and all portions
thereof shall be designed to resist the load combinations specified
in Section 1612.2 or 1612.3 and, where required by Chapter 16,
Division IV, or Chapters 18 through 23, the special seismic load
combinations of Section 1612.4.

The most critical effect can occur when one or more of the con-
tributing loads are not acting. All applicable loads shall be consid-
ered, including both earthquake and wind, in accordance with the
specified load combinations.

16122 Load Combinations Using Strength Design or Load
and Resistance Factor Design.

1612.2.1 Basic load combinations. Where Load and Resistance
Factor Design (Strength Design) is used. structures and all por-
tions thereof shall resist the most critical effects from the follow-
ing combinations of factored loads:

14D (12-1)
12D+ 1.6L +0.5 (L, or 5} (12-2
1.2D + 1.6 (L, or 5) + (i or 0.8W) (12-3)
12D+ 13W+fiL +05(L, or S) (12-4)
120 + 1.0E + (il + f25) (12-3)
0.9D + (1.0E or 1.3W) (12-6)
WHERE:
fi = 1.0 for floors in places of public assembly, for live loads
in excess of 100 psf (4.9 kN/m?), and for garage live
load. :
= 0.5 for other live loads.
f> = 0.7 for roof configurations (such as saw tooth) that do
not shed snow off the structure. e
= 0.2 for other roof configurations. e

EXCEPTIONS: 1. Factored load combinations for concrete per
Section 1909.2 where load combinations do not include seismic forces.
~_ Factored load combinations of this section multiplied by’1.1 for
concrete and masonry where load combinations include Scismic

forces.
3. Where other factored load combinations are specifically required

by the provisions of this code.

1612.2.2 Other loads. Where F. H, P or T are to be considered i-n
design. each applicable load shall be added to the above combina-
tions factored as follows: 1.3F, 1.6H. 1.2P and 1.27.

1612.3 Load Combinations Using Allowable Stress Design.

1612.3.1 Basic load combinations. Where allowable stress
design (working stress design) is used, structures and all portions
thereof shall resist the most critical effects resulting from the fol-
Jowing combinations of loads:

D (12-7)
D+L+(L arS {12-8)
. - E o,
D+ (“ or -l—z) (1- 9)

E A
09D ¢ 13 (12-10)

D+ 0.75[1. + (L, orS) + (l‘p'or %)] (12-11)

No increase in allowable stresses shall be used with these load
combinations except as specifically permitted by Section 1809.2.

1612.32 Alternate basic load combinations. In licu of the basic
load combinations specified in Section 1612.3.1. structures and

4, 36
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portions thereof shall be permitted to be designed for the most crit-
ical effects resulting from the following load combinations. When
using these alternate basic load combinations, 2 one-third increase
shall be permitted in allowable stresses for all combinations,

including W or E.

D + L + (L.or$) (12-12)
D+L+ {w or TEZ) (12-13)
D+L+W+3 (12-14)
D+L+s+’2—" (12-15)
D+L+S+l%' (12-16)

3.

EXCEPTIONS: 1. Crane hook loads need not be combined with

roof live oad or with more than three fourths of the snow load or one
half of the wind load.

2. Design snow loads of 30 psf (1.4 kN/m?) or less need not be com-
bined with seismic loads. Where design snow loads exceed 30 psf (1.4
kN/m?), the design snow load shall be included with seismic loads. but
may be reduced up to 75 percent where consideration of siting, config-
uration and load duration warrant when approved by the building offi-

cial.

1612.3.3 Other loads. Where F, H, Pot T are to be considered in
design. each applicable load shall be added to the combinations
specified in Sections 1612.3.1 and 1612.3.2. When using the alter-
nate load combinations specified in Section 1612.3.2, a one-third

CHAP. 16, DIV. 1
161232
1613

-Gen.pCPP-0(.03 Rav. L

increase shall be permitted in allowable stresses for all combina-
tions including Wor E.

1612.4 Special Seismic Load Combinations. For both Allow-
able Stress Design and Strength Design, the following special load
combinations for seismic design shall be used as specifically
required by Chapter 16. Division IV. or by Chapters 18 through Z3:

12D + fil + 10E, (12-17)
09D £ lOE, (12-18)

WHERE:
fi = 1.0 for floors in places of public assembly, for live loads
in excess of 100 psf (4.79 kN/m-), and for garage live

load.
= 0.5 for other live loads.

SECTION 1613 — DEFLECTION

The deflection of any structural member shall not exceed the val-
ues set forth.in Table 16-D, based on the factors set forth in Table
16-E. The deflection criteria representing the most restrictive con-
dition shall apply. Deflection criteria for materials not specified
shall be developed in 2 manner consistent with the provisions of
this section. See Section 1611.7 for camber requirements. Span
tables for light wood-frame construction as specified in Chapter
23, Division VI, shall.conform to the design criteria contained
therein. For concrete, see Section 1909.5.2.6; for aluminum. see
Section 2003; for glazing framing, see Section 2404.2.
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William Lettls & Associates, Inc.

1777 Batelho Drive, Sutte 262, Walnut Creek, California 9459
. Voiee: (925) 2566070  PAX: (925) 256-6076

Mr. Robert White

Geosciences Department

Pacific Gas & Electric Company
245 Market Street, Rm. 421-N4C
San Francisco, CA 94105

November 5, 2001
Re: Compiction of Data Reports (formerly appendices)

Dear Rob:

This letter transmits to Geosciences the following Diablo Canyon ISFSI Data Reports (formerly
called appendices) that were prepared under the WLLA Work Plan, Additional Geologic Mapping,
Exploratory Drilling, and Completion of Kinematic Analyses for the Diablo Canyon Power Plant
Independent Spent Fuel Storage Installation Site, Rev. 2 (11/28/00) using data collected under that
Work Plan and a second WLA Work Plan, Additional Exploratory Drilling and Geologic Mapping

for the ISFSI Site, Rev. 1 (9/21/01).
SFSI Dats Report A - Geologic Mapping in the Plant Site and.

Dia v
TSFSI Site Areas, Rev. 0, November 5, 2001, November 5, 2001, prepared by J.
Bachhuber, 42 p.

Diablo Canvon ISFSI Date Report B - Borings in ISFSI Site Area, Rev. 0,
November $, 2001, prepared by J. Bachhuber, 244 p.

Disblo Canvon [SFSI Data Report C - 1998 Geophysical Investigations at the

ISFSI Site Area, (Agbabian Associates and GeoVision), Rev. 0, November 5,
2001, prepared by J. Bachhuber, 84 p.

Diablo Canvon ISFSI Data Report D - Trenches in the ISFSI Site Areg, Rev. 0,
November 5, 2001, prepared by J. Bachhuber, 66 p.

Disblo Canvon [SFSI Data Report E, - Borchole Geophysical Data (NORCAL
Geophysical Consultants, Inc.), Rev. 0; November 5, 2001, prepared by C.
Brankman, 303 p.

iablo Canvo e F- Field Discontinuity Measurements, Rev. 0,
November 5, 2001, prepared by J. Bachhuber and C. Brankman, 85 p.

Disblo Canyon ISFSI Data Repont G - Soil Laboratory Test Data (Coaper Testing
Laboratory), Rev. 0, November 5, 2001, prepared by J. Sun, 63 p.

Digbjo Canvon ISFSI Data Report H-  Rock Strength Data and GSI Sheets, Rev. 0.

November 5, 2001, prepared by J. Bachhuber, 37 p.

Froo 04 & 0
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Disblo Canyon ISFSI Data Report] -  Rock Laboratory Test Data (GeoTest

Unlimited), Rev. 0, November 5, 2001, prepared by J. Sun, 203 p.

Diablo Canyon ISFSI Data Report J — Petrographic Analysis and X-Ray
" Diffraction of Rock Samples (Spectrum Petrographics, Inc.), Rev. 0, November 5,

2001, prepared by-J. Bachhuber, 204 p.
Diablo Canyon ISFSI Data Report K -  Petrographic and X-Ray Diffraction

Analyses of Clay Beds (Schwein/Christensen Laborzsories, Inc.), Rev. 0,
November S, 2001, prepared by J. Bachhuber, 36 p.

In addition to the revisions of those reports required under the various Work Plans, Mr.
Scott Lindvall, the WLA ITR for the ISFSI project, has performed independent technical
reviews of the Diablo Canyon ISFSI Data Reports as part of his review of Calculation
Package GEO.DCPP.01.21, Analysis of Bedrock Straﬁig;afhy and Geologic Structure at
the DCPP ISFSI Site. He finds that the reports clcarly 2 accurately compile and

organize the data.

Mir. Albert Tafoya from the Diablo Canyon ISFSI Project Office in San Luis Obispo, Mr.

Dale Marcum, NQS Technical Oversight for the project, and William Page of your office

provided comments on the August versions of the Diablo Canyon ISFSI Data Reports

(formerly called appendices) and their comments have been addressed.

These reports are submitted to you as per the PG&E Geoscicnces Department Calculation
Procedure GEO.001, Rev. 04 (10/10/01).

We look forward to any comments you may have.

Sincerely,
WILLIAM LETTIS & ASSOCIATES, INC.

Robert C. Witter
Project Manager

CC: William Page

(ce 30 B ) 20
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DCPP ISFSI GEOTECHNICAL CALCULATION PACKAGE

Methodology for determining sliding resistance along the base of DCPP

Title:

ISFSI pads
Calc Number: GEO.DCPP.01.04
Revision: Rev. 1
Author: Robert K. White
Date: November 5, 2001
Verifier: Joseph I. Sun
PURPOSE

As required by Geosciences Work Plan GEO 2001-03, Appendix C, this calculation
package documents the criteria for evaluating resistance to sliding beneath the concrete
DCPP ISFSI pads due to lateral forces generated by an earthquake. In particular, the
frictional component of the sliding resistance at the base of the pads is developed based
on the rangé of friction angles expected to be encountered within the rock at the ISFSI
site. This sliding resistance will be used in pad stability analyses to be performed by

others.

ASSUMPTIONS

1. Pad concrete base-to-rock interface is very rough and tight (concrete is poured on
cleaned rough excavated rock surface), such that the weaker sliding surface is in the
rock below the interface rather than at the interface. This is a reasonable assumption
as described in Bowles (1988), page 551 (page 13, attached), and Peck and others

(1974), pg. 426, (page 15, attached).

Potential lateral sliding beneath the pads will occur along bedding planes and through
intact rock in jointed dolomite, sandstone, and localized areas of weaker, friable rock
(Figure 21-41 from GEO.DCPP.01.21). The location and extent of the potential
failure will depend on the properties of the bedding planes and the relative proportion
and strengths of the unaltered rock and the friable rock beneath any particular pad at
the ISFSI site. These are reasonable assumptions because the distribution of rock and

page 1 of 1§
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discontinuities and their related properties at pad grade are relatively well understood.

as described in GEO.DCPP.01.21.

The maximum extent of potential lateral sliding along a single bedding plane, or a
close set there of, is over an area at most half the area of a pad (pad area 68 by 105
feet per Klimczak, 9/27/01 (Drawing PGE-009-SK-001, page 11, attached)). The rest
of the potential sliding area will occur through the fractured rock mass or the friable

(¥R}

rock. This is a conservative assumption because:
a. Bedding is not horizontal, but is variably inclined beneath the pads.

b. Field observations show that bedding planes and subhorizontal joints are
generally tightly bonded and extend only up to a few tens of feet; clay beds,
however, can be longer, depending on their thickness.

The lateral continuity of bedding is disrupted by the jointed and faulted nature
of the rock mass; typical fracture spacing is about 1 to 4 feet. (References:

GEO.DCPP.01.21.)

4. Clay beds beneath the pads are limited to two areas (Figure 21-41 from
GEO.DCPP.01.21). The clay beds are inclined, so are likely to be partially exposed
during excavation for the pad subgrade. The total area of these clay beds within five

feet of the pad subgrade is roughly equal to one pad area.

5. Bedding plane and rock mass strength properties beneath a pad can be proportioned:
to provide a representative strength value for simultaneous sliding through both. This
is a reasonable assumption because the strength properties for bedding planes and
rock mass are well documented (GEO.DCPP.01.19 and GEO.DPP.01.20) and
because the total resistance along a failure plane is by definition the sum of the
individual resistances along the plane relatively proportioned to their length along the

plane.

6. The entire site is excavated but only one or two pads at a time are constructed,
thereby leaving at least one edge of the nearly eight-foot-thick pad partially or nearly
completely exposed (unembedded). Thus, no passive resistance to sliding on pad
edges is assumed. Conservatively, the very minor contribution to resistance to sliding
on pad sides is also ignored. Also; the pads are not assumed to interact or be
connected in any way so as to reduce or eliminate potential'sliding. These

page 2 of_!_x
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assumptions may be either conservative or realistic, depending upon the final pad

design construction sequence.

DESIGN INPUTS

1. Friction angle for sandstone and dolomite rock mass of 50 degrees, from Geosciences

calculation package GEO.DCPP.01.19.
2. Friction angle of 50 degrees for non-jointed (altered) rock from Geosciences

calculation package GEO.DCPP.01.16.

Friction angle of 31 degrees for sandstone bedding planes, 21 degrees for clay coated
sandstone bedding planes, 33 degrees for dolomite bedding planes, and 18 degrees for
clay coated dolomite bedding planes, all from Geosciences calculation package
GEO.DCPP.01.20, Figures 20-3 and 20-6.

Drained strength friction angle of 22 degrees and undrained strength friction angle of
either 29 degrees and 0 psf cohesion or 15 degrees and 800 psf cohesion (whichever
is lower for a given normal stress) for clay beds from Geosciences calculation

package GEO.DCPP.01.31.
5. Rock unit weight of 140 pcf for rock mass beneath pads, from Witter, 11/5/01, Data

(5]

4Report L
6. Pad dimensions of 68 x 105 feet from Klimczak, 9/27/01 (Drawing PGE-009-SK-

001, page 11, attached).

METHODOLOGY

1. Summarize the failure envelopes for the various rock types underlying the ISFSI site
given the potential range of failure mechanisms. Select the most representative
failure envelope, or a representative range of envelopes, for further development of

sliding resistance beneath the pads.
2. Develop the sliding resistance beneath the pads as a function of the failure envelope

and pad variables for use in sliding analyses by others.
Determine depth of removal required for clay beds beneath the pads to prevent

preferential sliding along clay beds.

WL

page 3 of 1 &



Attachment “A” to Calc, # 52.27.100.714 Rev,0______ Page & of 20

—

DCPP ISFSI Calc. Number: GEO.DCPP.01.04 Rev. 1

SOFTWARE

No software is used to perform calculations.

ANALYSIS

1. The failure envelopes of the various types of rock underlying the ISFSI site are

;ummarized as follows:

At the scale of potentially very large sliding surfaces (with dimensions of, say, 100
feet or greater) such as on the hillside above the ISFSI pads, the strength of cemented
sandstone and dolomite (jointed rock mass) is governed by a combination of both
intact rock and discontinuities and is determined indirectly by laboratory data on
intact rock samples, field observations of rocks at the surface and from borings, and
field measurements of discontinuities, using the Hoek-Brown equations to derive
strength envelopes (GEO.DCPP.01.19). For the sandstone and dolomite rock mass, a
failure envelope with a friction angle of ¢ = 50 degrees is observed to provide a lower
bound to all Hoek-Brown envelopes (GEO.DCPP.01.19). These large failures are
assumed to slide on clay beds or clay seams typically observed in the sandstone and
dolomite rock mass. Clay bed drained strength is defined by a friction angle of ¢ =

22 degrees as determined by laboratory tests on clay bed samples
(GEO.DCPP.01.31). Similarly, clay bed_undrained strength is defined by a friction

angle of ¢ = 29 degrees and a cohesion of 0 psf, or ¢ = 15 degrees and a cohesion of
800 psf, whichever is lower for a given normal stress (GEO.DCPP.01.31). (The two
undrained strength envelopes cross at about 2500 psf, or 18 feet of overburden.)

At the scale of much smaller sliding surfaces (with dimensions of, say, a few tens of
feet or less) such as in the cutslopes surrounding the ISFSI pads, the strength of
discontinuities within the jointed rock mass governs the failure. This strength is also
determined indirectly by both laboratory and field data, using the Barton equations to
derive strength envelopes (GEO.DCPP.01.20). For sandstone bedding planes, a
straight-line failure envelope with a friction angle of ¢ = 31 degrees is observed to
approximate the mean curved envelope derived from the Barton equations at low
overburden pressures (Figure 20-6 of GEO.DCPP.01.20). The mean curved failure

page 4 of 1 ¢
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envelope represents a sandstone bedding plane that in places (assumed up to half) is
coated with clay film, with average roughness and strength. Similarly, a straight-line
failure envelope with a friction angle of ¢ = 21 degrees is observed to approximate
the lower bound curved envelope derived from the Barton equations at low
overburden pressures (Figure 20-6 of GEO.DCPP.01.20). The lower bound curved
failure envelope represents a sandstone bedding plane completely coated with clay
film, with lower bound (mean minus one sigma) roughness and strength. Because
these clay films are very thin and unsaturated, these failure envelopes are valid for
both drained and undrained loading. For dolomite bedding planes, the mean and
lower bound failure envelope friction angles for similar bedding plane conditions are
33 and 18 degrees, respectively (Figure 20-3 of GEO.DCPP.01.20). It is noted that
the lower bound friction angles are nearly the same as the value of 22 degrees derived
for the drained strength of continuous clay beds within the dolomite
(GEO.DCPP.01.31), providing increased confidence in the appropriateness of the

clay bed value.

At an intermediate scale of potential sliding failure surfaces, such as beneath the
ISFSI pads (with dimensions 68 by 105 feet from Klimczak, 9/27/01 (Drawing PGE-

009-SK-001, page 11, attached)), the influence of discontinuities on the strength of
the jointed rock mass may be greater than defined by the Hoek-Brown equations; that
is, the friction angle at this scale may be less than 50 degrees. In this case, a friction
angle weighted to account for the re]ative. contribution of the different failure .

mechanisms may be more appropriate. -

The strength of friable sandstone and dolomite (non-jointed rock mass) is governed
by the intact rock as discontinuities have weathered and are no longer effective
potential failure planes (GEO.DCPP.01.16). A representative failure em)elope with a
friction angle of ¢ = 50 degrees is determined by laboratory tests of this material

(GEO.DCPP.01.16).

2. The sliding resistance beneath the pads as a function of the failure envelopes

described above is developed as follows:

The force per foot of pad width, S, resisting sliding beneath the pad is defined by:

page 5 of_'g
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.S =tangent (¢) - W M

(Source:  Peck and others, 1974, page 15, attached)

&= representative friction angle along sliding surface

W = weight of casks, pad, and any underlying rock above sliding surface
per unit pad width (minimally, take as weight of casks and pad only)

where:

From the discussion above, for the condition where sliding within rock is controlled
by failure through numerous smaller discontinuities and intact rock, a friction angle
of 50 degrees applies. For the condition where sliding also involves a single bedding
plane completely coated with clay film with a friction angle of 18 degrees (the lower
of the values determined for bedding planes within sandstone and dolomite) and a
maximum observed length of a few tens of feet, or at most about half the length of the
pad (about 35 feet in shortest direction), then a friction angle weighted by relative
length over which each mechanism is assumed effective to account for this combined

sliding mechanism is calculated as follows:

bueigned = tangent ” (% - tan(18) + % - tan(50)) = 37, say, 36 degrees.

3. To ensure sliding occurs along rock bedding planes rather than along the clay beds
(with an undrained strength of 29 degrees) identified in two areas beneath the pads
(Figure 21-41 from GEO.DCPP.01.21), portions of the clay beds need to be removed.
The depth of removal is determined by equating the sliding resistance along a clay
bed, assumed continuous and horizontal for the entire length of the pad, and including
the passive resistance required to break through the overlying rock along the edge of
the pad, with the sliding resistance along a failure surface just beneath the pad within

a combination of bedding plane and rock mass, as follows:
W, - tangent ety + Pprock mass = W1 - tangent Gweighied (2)
where: ¢ =  representative friction angle along sliding surface

W, = weight of casks and pad
W, = weight of casks, pad, and underlying rock above sliding surface

Pp= passive force = tan 2 (45+brock mass/2) ¥ - (H 2/2)-L
. (from Peck and others, 1974, page 16, attached)
y=  rock unit weight, pcf

page 6 of '¥
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H= height of passive wedge (depth for clay bed removal)
L= length of exposed side of pad, 105 feet

and: " weight of casks = 20 - 360 k = 7200 k from Klimczak, 9/27/01, page 10,

attached;
weight of interior pad 0.15 - 105 - 68 - 7.75 = 8300 k, dimensions from

Klimczak, 9/27/01 (Dwg PGE-009-SK-001, page 11, artached)

therefore, W, = 7200 + 8300 = 15500 k.
W, = 15500+ 0.14 - 68 - 105 - H= 15500 + 1000H.

Pp=tan?(45+50/2)-0.14- (H?/2)-105=555-H"

(15500 + 1000H) - tan 29 + 55.5 - H? = 15500 - tan 36
(15500 + 1000H) - 0.554 + 55.5 - H? = 15500 - 0.727
55.5-H? +554H-2669=0

and solving: H = 3.6 feet

substituting:

Therefore, to obtain sufficient passive resistance to ensure sliding occurs on rock bedding
rather than on a clay bed, the clay bed should be excavated to a depth of 3.5 feet beneath
the proposed the pad base. This analysis is conservative in that it assumes the clay bed
area remains constant, whereas the area is reduced as it is excavated, and actual resistance
as a function of remaining clay bed and replacement material, will be higher. The
analysis is also conservative in that H decreases slightly as the number of casks
decreases, so the calculated value of H envelopes all pad loading conditions. This
analysis is unaffected by changes in vertical acceleration, as any changes would apply
equally to both sides of the above equation, thus canceling each other out. Replacing
excavated material with a lean concrete mix will ensure engineering properties beneath
the pad remain essentially the same as before excavation of the clay beds.

RESULTS

The sliding resistance within the rock beneath the pads is a function of the representative
friction angle along the sliding surface in the rock mass. This angle varies between 50
degrees and 36 degrees, with the latter representing a very conservative lower bound.
Thus, the force S in equation (1), above, varies between 1.2W and 0.7W. Clay beds
beneath portions of the pads should be excavated to a depth of 3.5 feet beneath the pad

page 7 of 1¢
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base to ensure sliding occurs along rock bedding rather than along the beds, with an
undrained friction angle of 29 degrees, and replaced with a lean concrete backfill..

CONCLUSIONS

The sliding resistance beneath the DCPP ISFSI pads is defined as a function of rock mass
friction angle and pad weight for use by others in pad stability analyses. A range of

values is provided for sensitivity studies.
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Date: September 27, 2001 File #: 72.10.05

To: Robert K. White Phone: (415) 973-0544

PG&E Geosciences Dept

Richard L. Klimczak, Project Engineer

From:

subject:  Diablo Canyon Units 1 and 2
Transmittal of ISFSI Site and Vicinity Plans for the DCPP Used Fuel

Storage Project

Pacific Gas and
JHg! Electric Company

Dear Rob,

Attached are copies of three site plan drawings and a sketch of the cask transfer

facility.
plot plan. Fig. 2.1-2 s a site plan showing the

PGA&E Drawing 471124 is a plant site
004 is a sketch of the Cask Transfer Facility.

ISFSI and Transport Route. UFSP-SK

ng the cask storage pads, Cask

P PGE-009-SK-001 is the ISFSI site plot plan showi
\\ Transfer Eacility and the near vicinity of the ISFSI site. The drawing was prepared by
012618, Rev. 3, the weight of each

Enercon Services Inc. Per Holtec calculation HI-2
loaded cask is 360,000 pounds. :

This transmittal is per requirements of DCPP Procedure CF3.1D17.

If you have comments or questions pleasé contact me at (805) 595-6320 or A. Tafoya
at (805) 595-6392.

Richard L. Klimczak

Project Engineer
Diablo Canyon Used Fuel Storage Project

Attachments: Dwg 471124, Fig. 2.1-2, PGE-009-SK-001, UFSP-SK-004
WPage 245 Market N4C 418B w/o

cc: LJStrickland SLO B3 w/o
BHPatton SLOBB w/o DCPP RMS DCPP 119/
- NJahangir DCPP 201/112 w/o DCPP Chronological Flle
AFTafoya SLOB10 DCPP File No.72.10.05

r.ﬁ,, to o 18
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slope angle § in the Ruankine analysis and as some fraction of ¢ in a Coulomb
analysis with 0.67¢ commonly estimated for a concrete wall formed using plywood
. or metal forms so the backface is fairly smooth.

; For the overail wall stability of Fig. 12-115 the angie J' may be taken as f for
the Rankine method but if you use the Coulomb analvsis take 3 = ¢. This value
then is used to obtain the horizontal component of P, as shown. For the vertical
friction component resisting overturning aiwavs ke

B SRR

P,.=P,uano

T~ sincs the d angle shown on the figure is alwavs soil-tc-soil.
For sliding stability one may take the fniction angie between buse and soil
J, = © angle of the base soil (not backfill). The reason s that regardless of how
smooth the base soil 1s compacted (and hopefully it is!i. the wet concrete will
; adhere to it sutficiently that the effective friction resistance developed will be “soil-
z to-soil.” The cohesion is usually somewhat reduced {rom contact with the wet
concrete and it is usual to use a reduced value for adhesion ¢, on the order of

¢, =031007%

It is usual to use the Rankine value for K, if passive pressure is included. If
there is uncertainty that the full depth D is effective in resisting via passive pressure
it 1s permissible to use a reduced value of D' as

AT

;. D’ = D — uncertain depth

; The uncertain depth may be to the top of the base or perhaps the top 0.3™ m

b depending on designer assessment of how much soil will ramain in place over the

toe of the wall. Note that some of this soil is backfill and must be carefully

5 compacted when being replaced or full passive pressure resistance may not develop

7 until the wall has slipped so far forward it has “failed.” :
& Base Key

Where sufficient sliding stability is not possible—usuaily ior walls with large H—a
base key as illustrated in Fig. 12-13 has been used. There ars different opinions on -
best location and value of a base key. [t was commor practics. until it was noted
that the conditions of Fig. 12-13b were likely. to put the key beneath the stem as in
Fig. 12-13a. This was convenient from the view of simplv 2xtending the stem
reinforcement through the base and into the key. Later it appeared that the key was
more effective located as in Fig. 12-13¢ and if one must use a x2v this is the author's
recommended location. i
Considering the labor involved with a key. a rzinferced earth wall would
probably be used if the wall were high enough to require a key. For the low :
cantilever wall in current practice a key should not be required since it would be o f .

R Do A
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R
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;
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against the base can be determined by eq.
24.4.

Two useful criteria for proportioning soil-
supported walls may be established from
the preceding discussion: 71} the eccentricity
of the resultant force, measured from the
center line of the base. should not exceed
one sixth the width of the base, and (2) the
maximum pressure shoulc not exceed the
allowable soil pressure. One or the other of

these two criteria commonly controls the

width of the base.

On the other hand, rezaining walls may
be supported by rock, in which case the
first criterion given above is commonly
changed to permit jarger eccentricities.
However, in order 10 provide adequate
safety against overturning, most designers
prefer to limit the eccentricity to one fourth
the width of the base. That is, the resultant
force must intersect the plane of the bottom
of the base within the middle half, even
though the pressure at the toe may be con-
siderably less than the allowable pressure
for the rock. When the resultant lies outside
the middle third, the maximum pressure at
the toe must be computed by egs. 24.5 and
24.6, because compression does not exist
over the entire area of the base.

26.6. Forces Resisting Sliding

According to Fig. 26.1a, the horizontal
component of the unfactored earth pressure
P, must be resisted by the shear between
the soil and the base and by the passive
carth pressure of the soil in contact with
the front of the structure. The ratio between
the resisting forces anc the horizontal com-
ponent of Py is known 2s the factor of safety
against stiding. This ratio should be not less
than 1.5. Moreover, the passive earth pres-
sure should be disregarded in computing
the factor of safety unless local conditions
permit reliable evaluation of its lower limit-
ing value and unless the existence of the
pressure is assured during the placing of the

fill behind the wall.

The shearing resistance between the bas¢

and the soil is gready influenced by the

. A
96/ Retaining Walls and Abutments Qo.pepPol 04 Pev

the maximum shearing strength of the soil .~

can be counied on. Procedures for deter-

mining the shearing strength of soils of
different tvpes have been discussed in Chap. ¥
4. However, in the absence of tests, the total :
shearing resistance between the base and 2
soil that derives most of its strength from
internal friction may be taken as the normal
rimes a cocfiicient of friction sc-

character of the soil. If the surface of con-
« tact between the concrete and soil is rough,

g T of 18

force SV ur
lected from the following values. For coarse-

grained soil without silt, the coefhcient of
friction may be taken as 0.35; for coarse-
grained soil with silt, 0.45; and for silt, 0.35.
If the base of the retaining wall rests on clay,
the shearing resistance against sliding should
be based on the cohesion of the clay, which
can be conservatively estimated as one half
the unconfined compressive strength. If the
clay is suff or hard, its surface should be
roughened before the ‘concrete base is
placed.

If the factor of safety against sliding is less
than 1.3, the design should be revised. The
resistance to sliding may be increased by
the use of a key that projects into the soil
below the base, as shown in Fig. 26.10, or
the base may be widened to increase the
surface of sliding. For the same volume of
concrete, a key is ordinarily considered t
be somewhat more effective than an increase
in base width, but, on the other hand, the
width of the base can usually be extended
at less cost.

The effectiveness of short keys is often
overestimated. Consideration of the equilib-

the block of soil bede (Fig. 26.10)

rium of
at the total hori- .

leads to the conclusion th
zontal force acting on the key can be no
larger than the sum of the force Px and the-

shearing force § developed on the surface

/Erfensfon
T of base
'——é“"—l! -

1 3m *~Ke
ey 3 4

5

Ficure 26.10. Horizontal forces resisting move-
ment of key . beneath retaining wall.
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Earth Pressure

Its value can be determined, from the geom-
etry of Fig. 26.25, as
| —sino

D4 = Eupe = T ps
} =—sing

263

The coeficien:

P ~sing %6 4a

;‘.A= .
I = sing

‘ent of active earth pressure.

is known as the ¢2¢
It may also be exprassed, by trigonometric
transformation, as

ky = 1a2%i45° — ¢/2)

= — 26.4b
- ‘v:())

For a given sanc at a given relative den-
sity, a definite strain AL, L is required to
produce the active state (Terzaghi, 1934).
For a dense sand it is on the order of 0.1 per
cent; for a loose sand it is several times
greater.

If the semiinfinite deposit of sand is com-
pressed instead of being stretched, so that
planes ab and o'5" {Fig. 26.2d) are moved
closer together, the horizontal pressure pa
increases while , remains constant. Conse-
quently, the circie of stress becomes smaller
(circle 4) and, whea s = p,, reduces 10 a
point. As horizontal compression continues,
the horizontal pressure exceeds the vertical
pressure and becomes the major principal
stress (circle 3%. Eventually, the circle of
stress touches the rupture lines and becomes
the rupture circle, circie 6 in Fig. 26.26. Fail-
ure then occurs within the deposit along
two sets of planes corresponding to the
points of tangency W aad W’. According
to the geometry of the rupture diagram,
these planes are inciined at 43° + ¢ 2 to0
the plane on which the major principal
stress acts. Since the major principal stress
now is the horizonial stress, the failure
planes (Fig. 26.25} are inclined at 43° —
¢/2 10 the horizontal. Further compression
of the deposit can cause only further slip
along the failure planes because no circles
of stress larger than circle 6 can exist if the
minor principal stress is p,. Hence, no
larger horizontal pressure can occur at 4

than that correscending to the righthand
extremity of the ~-2iwure circle 6. This maxi-
murm lateral pressire is known as the passize
carth pressure 9o, 113 value can be determined
from the geome:ry of Fig. 26.26, as

1 ~sing 2.5

Dp = £of. = P
‘ . | — sing

The coefficient <> is known as the coefficient
of passive eartha prezzure. It may also be ex-
pressed as

p.2) = 1k, 2066

£p = an

For a given sanc at a given relative den-
sitv, 2 definite strain ALp L is required to
produce the passive state. The magnitude
of the necessarv sim2in is several times larger
than the tensile st-2in required to produce

the active state.

According to egs. 26.3 and 26.5, both
the active and passive earth pressure in-
crease in direct croportion to the depth
below the surface. The total pressure on a
unit width of a wertical plane extending
from the surface ¢ 2 depth H is, therefore,

P_{ = {rl'f.{‘yH: ‘ 26.7

or
Pp = tkpyH? 26.3

The theory discussed in the preceding
paragraphs was criginally developed by
Rankine (1857}. Eguation 26.7 has fre-
quently been usec o calculate the active
earth pressure of a sand backiill with hori-
zontal surface agzinst a vertical retaining
wall with height &. However, examination

of Fig. 26.2: demcrsirates that the state of

stress associated wiz: Rankine’s theory for

these conditions re=uires that there be no .

shearing stresses ¢z vertical planes. Since
the backs of reai wzlis are rough and shear-

ing stresses may <Zevelop, the Rankine ,
theory can for most conditions provide only /

an approximation. H

In reality no seiinfinite masses of sand
exist. If, however, the active state of stress
can be induced in a wedge-shaped zone
such as CBD (Fig. 26.2), the earth pres-
sure against the vertical plane CD with
height A is correctly given by eq. 26.7. The

poge 'V of

4

>

i
[}
)
1
i




Attachm_gn_t__ffﬂ,’f to Calc. # 52.27.100.714 Rév. 0 Page 1[4 of 20 »

Geo.pceP0l .04 Ceo-L
William Lettis & Associates, Inc.

1777 Botelho Drive, Sulte 252, Walnut Creek, California 94536
" Voice: (925) 2566070 PAX: (925) 256-6076

Mr. Robert White

Geosciences Department

Pacific Gas & Electric Company
245 Market Street, Rm. 421-N4C
San Francisco. CA 94105

November 5, 2001
Re: Completion of Data Reports (formerly appendices)

Dear Rob:

This letter transmits to Geoscicnces the following Diablo Canyon ISFSI Data Reports (formerly
called appendices) that were prepared under the WLA Work Plan, Additional Geologic Mapping,
Exploratory Drilling, and Completion of Kincmatic Analyses for the Diablo Canyon Power Plant
Independent Spent Fuel Storage Installation Site, Rev. 2 (11/28/00) using data collected under that
Work Plan and & second WLA Work Plan, Additional Exploratory Drilling and Geologic Mapping

for the ISFSI Site, Rev. 1 (9/21/01).
Disblo Canvon ISFSI Data Report A - Geologic Mapping in the Plant Site and.
ISFSI Site Areas, Rev. 0, November 5, 2001, November 5, 2001, prepared by J.
Bachhuber, 42 p.

Diablo Cany epot B- Borings in ISFSI Site Area, Rev. 0,
November 3, 2001, prepared by J. Bachhuber, 244 p.
iablo ta - 1998 Geophysical Investigations at the

ISFSI Site Area, (Agbabian Associates and GeoVision), Rev. 0, November 5.
2001, prepared by J. Bachhuber, 84 p.

Diablo Canvon ISFSI Data Report D - " Trenches in the ISFSI Site Area, Rev. 0,
November §, 2001, prepared by J. Bachhuber, 66 p.

Disblo Canvon ISFSI Data Report E, - Borchole Geophysical Data (NORCAL
Geophysical Consultants, Inc.), Rev. 0, November 5, 2001, prepared by C.
Brankman, 303 p. :

iablo Canyo epopt F -  Field Discontinuity Measurements, Rev. 0,
November 5, 2001, prepared by J. Bachhuber and C. Brankroan, 85 p.

Diablo Canvon ISFSI Data Report G - Soil Laboratory Test Data (Cooper Testing
Laboratory), Rev. 0, November 5, 2001, prepared by J. Sun, 63 p.

Digblo Canvon ISFSI Data Report H - Rock Strength Data and GSI Sheets, Rev. 0.
November 5, 2001, prepared by J. Bachhuber, 37 p.
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" Disblo Canyon ISFSI Data Report]-  Rock Laboratory Test Data (GeoTest

Unlimited), Rev. 0, November 5, 2001, prepared by J. Sun, 203 p.

iablo Canyon [SFSI Data Report I~  Petrographic Analysis and X-Ray
Diffraction of Rock Samples (Spectrum Petrographics, Inc.), Rev. 0, November 5,
2001, prepared by-J. Bachhuber, 204 p.

Diabla Canyon ISFSI Data Report K - Petrographic and X-Ray Diffraction
Inc.), Rev. 0,

Analyses of Clay Beds (Schwein/Christensen Laboratories,
November S, 2001, prepared by J. Bachhuber, 36 p.

Scott Lindvall, the WLA ITR for the ISFSI project,

reviews of the Diablo Canyon ISFSI Data Reports as part ¢
Package GEO.DCPP.01.21, Analysis of Bedrock Su'atigradphy and Qeologic Structure at

the DCPP ISFSI Site. He finds that the reports clearly and accuratcly compile and
organize the data.
on ISFSI Project Office in San Luis Obispo, Mr.

Dale Marcum, NQS Technical Oversight for the project, and William Page of your office
provided comments on the August versions of the Diablo Canyen ISFSI Data Reports

(formerly called appendices) and their comments have been addressed.

These rcpons are submitted to you as per the PG&E Geoscicnces Department Calculation
Procedure GEO.001, Rev. 04 (10/10/01).

Mr. Albert Tafoya from the Diablo Cany

We look forward to any comments you may have.

Sincerely,
WILLIAM LETTIS & ASSOCIATES, INC.

Robert C. Witter
Project Manager

CC: William Page

poge 0 #1
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Determination of pseudostatic acceleration coefficient for use in DCPP ISFSI

cutslope stability analyses
Calc Number GEO.DCPP.01.05

Record of Revisions

Rev. Reason for Revision Revision
No. Date

1 | added attachments; clarified assumptions; added page 10/15/01
reference to methodology step 6
revised assumption 2; revised input 1 and methodology step

2 | 1 from LTSP figure to SSER figure; changed reference and 11/6/01
attachment from LTSP figure to SSER figure

11/6/01

Revision 2
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Title:

DCPP ISFSI GEOTECHNICAL CALCULATION PACKAGE

Determination of pseudostatic acceleration coefficient for use in DCPP

ISFSI cutslope stability analyses

Calc Number: GEO.DCPP.01.05

Revision: Rev. 2

Author: Robert K. White
Date: November 6, 2001
Verifier: Joseph I. Sun
PURPOSE

As required by Geosciences Work Plan GEO 2001-03, Appendix K, derive a pseudostatic
horizontal acceleration factor, or "seismic coefficient," as input to pseudostatic limit-
equilibrium analyses of DCPP ISFSI cutslope stability to be performed by others. This

coefficient is derived from the design ground motion as described below.

ASSUMPTIONS

1.

The maximum amplification determined along the profile through the powerblock
to adjacent hillside overlooking the ISFSI site (PG&E, 1989, Response to
Question 17a, page 8, attached) is appropriate for profile through the ISFSI site as
well. This assumption is reasonable because the profiles are similar in terms of
elevation gain and distance between low to high points.

The seismic coefficient determined herein is appropriate for use in near-face (20-

2.
foot deep or less) cutslope pseudostatic stability analyses. Overall stability
analyses of the native slope above the cutslope involving clay beds will be
modeled using dynamic methods.

DESIGN INPUTS

1. Peak acceleration from 84™ percentile horizontal response spectrum obtained
from U.S. Nuclear Regulatory Commission, 1991 (Figure 2.4, page 6, attached).

2. Topographic amplification factor from PG&E, 1989, Response to NRC Question

17a, Bases for the lack of topographic and directivity effects at the Diablo Canyon
site, obtained from PG&E's Response to NRC Staff Questions (page 8, attached).
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METHODOLOGY

The approach used to determine the seismic coefficient for limit-equilibrium analyses is

based on EERC, 1994 (EERC Report 94/05), specifically pages 119, 120, 158, 173, 174,
and 175 of that text (pages 12 to 18, including report cover, attached). Refer to Figure
7.11 (page 15, attached) from that report for a descriptive location of terms described

below.

1. Determine the free field peak acceleration away from the toe of the cutslope (as)
by response analysis. In this case, the source is the DCPP LTSP response
spectrum from U.S. Nuclear Regulatory Commission, 1991 (Figure 2.4, page 6,

attached).

2. The peak acceleration in the free field on the hillside above the cutslope (ag) is
topographically amplified above the free field peak acceleration away from the
toe of the cutslope (am) by up to 10%, according to PG&E, 1989, Response to

NRC Question 17a (page 8, attached).

3. The maximum acceleration at the cutslope crest (anma) is amplified by 50 to 70%
above the free field hillside acceleration (as:), based on work by Ashford and
Sitar described in EERC, 1994, the EERC report (page 16, attached).

4. The maximum average (also called the "peak average") seismic coefficient at any
one time increment along cutslope face (kmax) is 30 to 50% of the maximum crest
acceleration, based on work by Makdisi and Seed summarized in EERC, 1994,

the EERC report (page 13, attached).

5. The average (also called the "equivalent maximum") seismic coefficient for any
height along cutslope face (kq) is 65 to 70% of the maximum average seismic
coefficient, based on work by Seed and Martin summarized in EERC, 1994, the

EERC report (page 14, attached).

6. The average seismic coefficient (ka,) derived can then be used for limit

equilibrium stability analyses (page 18, attached).

page 2 of \¥



Calc. Number: GEO.DCPP.01.05 Rev.2

SOFTWARE
No software is used to perform calculations.

ANALYSIS

1. am (free field peak acceleration away from toe of cutslope) 0.83 g (scaled from
Figure 2.4, page 6, attached).

2. ag (free field peak acceleration away from crest of cutslope) = 1.1-0.83 =091 g
(PG&E, 1989, Response to Question 17a, page 8, attached).

3. amax (maximum acceleration at the cutslope crest) = 1.7 - 0.91 = 1.55 g (EERC
report, page 16, attached).

4. Kkmax (maximum average seismic coefficient) = 0.5 - 1.55 = 0.78 g (EERC report,
page 13, attached)

kay (average seismic coefficient) = 0.67 - 0.78 = 0.52 g, say 0.50 g (EERC report,
page 14, attached) .

CONCLUSION

The seismic coefficient appropriate for the pseudostatic limit-equilibrium analysis of
DCPP ISFSI cutslope stability is determined to be 0.50 g, based on the 84™ percentile

ground motion developed for the DCPP site.

REFERENCES

EERC, 1994, Seismic Response of Steep Natural Slopes, by Scott Ashford and

1.
Nicholas Sitar, Report No. UCB/EERC-94/05, May.

2. U.S. Nuclear Regulatory Commission (1991). Safety Evaluation Report related to the
operation of Diablo Canyon Nuclear Power Plant, Units 1 and 2, Docket Nos. 50-375

and 50-323, NUREG-0675, Supplement No. 34, June.

3. PG&E, 1989, Response to NRC Staff Questions on the Long Term Seismic Program
Final Report, PG&E, February.
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Geosciences Work Plan GEO 2001-03, Development of Engineering Properties for
ISFSI and CTF Foundation Design, ISFSI Slope Analyses, and ISFSI Cut and Fill
Slope Reinforcement Design for The DCPP ISFSI Site, rev. 1.

4.

- ATTACHMENTS

1. U.S. Nuclear Regulatory Commission (1991). Safety Evaluation Report No. 34,
cover page and Figure 2.4, attached as pages 5 and 6.

2. PG&E, 1989, Response to NRC Question 17a, from Response to NRC Staff
Questions on the Long Term Seismic Program Final Report, PG&E, February,

attached as pages 7 to 11.

3. EERC, 1994, Seismic Response of Steep Natural Slopes, by Scott Ashford and
Nicholas Sitar, Report No. UCB/EERC-94/05, May 1994, cover sheet, pages 119,
120, 158, 173, 174, and 175, attached as pages 12 to 18.
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Supplement No. 34

Safety Evaluation Report
related to the operation of
Diablo Canyon Nuclear Power Plant,

Units 1 and 2
Docket Nos. 50-275 and 50-323

t

Pacific Gas and Electric Company

U.S. Nuclear Regulatory Commission

Office of Nuclear Reactor Regulation

June 1991
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February 3, 1989
PGLE Letter No. DCL-89-029
RECEIVED
U.S. Nuclear Regulatory Cosmission NRA
ATIN: Documant Control Desk
Kashington, D.C. 20555 FEB 21 1939

Re: Docket No. 50-275, OL-DPR-80
Docket Ro. 50-323, OL-DPR-82
Diablo Canyon Units 1 and 2
Respons& to NRC Staff Questions on the
Long Term Setsmic Program Final Report

Gentlemen:

‘With reference to PGAE letter DCL-89-022 dated January 30, 1989,
enclosed are responses to NRC Staff questions 4-15, 17, 18, and 20 on

the Long Term Seismic Program Final Report.

Kindly acknowledge receipt of this matertal on the enclosed copy of this
letter and raturn it in the enclosed addressed envelope.

9;_ ) Sincerely,
3. D. Shiffer
cc w/enc.:  J. B. Martin ,
o H) R??d: Ex “'- Ravaeipt of the above material
S : 'is hbroby acknowladged.

cc w/o enc.: M, M. Mendonca - - - latory Commisaion

" UPji R Narbut - . U:8. Buolear Rogulatory

S BN Vegler - \ £
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Question 17a

QUESTION 17a

What are the bases for:

a. the lack of topographic and directivity ef fects at the Diablo Canyon site?

The topography in the Diablo Canyon region is shown in Figure Ql17a-1. The effect of topography
on ground motions at the site is estimated to be small, based on finite difference calculations
summarized in Figure Q17a-2. The profile shown at the top of this f’ igure is oriented along the crest
of a ridge that lies east-southeast from the site to obtain an estimate of the maximum potential
effect. The finite difference model is a two-dimensional half space having a boundary that
undulates in one dimension, and thus projects the topography of the ridge into a slope of infinite
horizontal extent. The seismograms for a plane SH wave arriving at an angle of incidence of 20
degrees to the left of vertical, approximating a source on the Hosgri fault zone, are shown below the
topographic model. There is a tendency for stations near local ridge crests, such as stations 3, 10,

\__and 12, to show amplification of 10 percent or less, whereas stations located at the foot of slopes,

such as stations 2 and Y, show a minor amount of deamplification. The site itself, which is located
between stations 5 and 7, is not significantly influenced by topography. We conclude that
topographic amplification is not expected at the site, and that some modification or downweighting
of strong motion recordings that are amplified by topographic effects is warranted when they are

used to estimate site strong motions.

The effect of rupture directivity was tested by performing simulations for a unilateral strike-slip
earthquake identical to those used for the estimation of the site-specific response spectrum, except
that the spatially varying slip distribution was made uniform to isolate directivity effects from
effects due to the variations in slip. The variation of peak acceleration with distance along the fault
is shown in Figure Ql7a-3. There is no trend for the peak acceleration to increase with distance
away from the epicenter. The peak acceleration is large in the vicinity of the epicenter, due to the
rapidly expanding rupture front in that region. We conclude that directivity effects at the Diablo

Canyon site are not significant for peak accelerations.

¢ of
\Qw}b © \ Y Diablo Canyon Power Plant

d¥sli Pacific Gas and Electric Company Long Term Seismic Program
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Figure 17a-1

Topography in the Diablo Canyon region shown elevation contours in feet above sea level.
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Ouestion 17a
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Figure Q17a-2
Finite difference modeling of topographic effects at the site. The topography along the profile

shown in Figure Q17a—.1 is shown together with station locations in the upper panel. The middle
panel shows peak velocity across the profile derived from the seismograms in the lower panel.
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. Figure Q17a-3
Illustration of the directiv_ity effect for a unilateral strike-slip rupture on the Hosgri fault. The
rupture segment and ;hq line of stations parallel to the fault zone are shown in map view in the
lower panel. The variation of peak ground acceleration along the line of stations is shown in the

upper panel.
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Assumed shape of potential sliding mass in Seed and Martin (1 966).

Figure 6.3:
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Figure 6.4: Relationship berween Ky, Ji, . and depth of sliding mass (from Makdist

and Seed, 1978). \
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as shown in Equation 6.9. Also, by geometrical similarity, and by the assumptions in
the shear slice method, the average seismic "coefficient can be shown to be
independent of the base width of the wedge and the inclination of the failure surface.
As a result, this method is even more attractive due to its simplicity.

However, since the intent was to quantify the force that could be used In

deformation analyses, simply selecting the maximum average seismic coefficient was

>

—

already deemed over-conservative due to the short duration of the peak load.

Therefore Seed and Martin (1966) proposed the concept of an "equivalent seismic
force series". This involves judgement in selecting the average amplitude of
significant force cycles, as well as period and duration, from the time history of the

average seismic coefficient for a given depth of the dam. From the data presented

in their study, the "equivalent maximum seismic coefficient" from the equivalent

seismic force series was on the average 65 to 70 percent (range 50 to 85 percent) of

the peak average seismic coefficient for any height in the dam.

Seed and Martin (1966) concluded that the height and composition of the dam
played a significant role in calculating the seismic coefficient, and that the response
is primarily due to the fundamental period of the dam. Though they believed that

their procedure was a reasonable approach for the calculation of the dynamic force

generated in a dam by an earthquake, they also stressed the limitations. The analyses-

assumed uniform shear along any horizontal slice through the dam, and preliminary
analyses indicated that this assumption could be 25 to 30 percent conservative for

faflure surfaces extending only half way to the dam centerline. Also, the procedure

120
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(Sitar and Clough, 1983). Their data show a 70 percent amplification at the cr

when the predominant frequency of the earthquake is near the topographic frequency

(weqzd,,s Hz, o x4 Hz, and w =25 Hz), and a 40 percent amplification at the crest

when the predominant frequency of the earthquake is closer to the natural frequency

of the site (©eq=4-5 Hz, ©~2.6 Hz, and ©=3.2 Hz). Therefore, a reasonable estimate

of the acceleration at the crest of the slope could be made by increasing the

estimated free field motion behind the crest by about 50 percent, although in some

cases, this simple adjustment could be somewhat unconservative. A conservative

approach would be to select an input motion for the free field analysis that has a

predominant frequency near the natural frequency of the profile behind the crest (weq

= w,). Insuch a case, increasing the computed free field motion by 50 percent would

be amply conservative.

The Kx/@max Profiles presented herein are of the same general shape, but

cover a broader range, than the profiles developed by Makdisi and Seed (1978).
Moreover, the Kpax/3max profiles vary with the frequency content of the earthquake
and the slope angle. The ratio of Kya./an,, increases with slope angle, with the
steepest slopes forming an upper bound. Thus, when selecting a value of Ky /amay

for a particular slope, it would seem appropriate to use the upper bound values for _

steep slopes (greater than 60 degrees); and average values for moderately steep

slopes (less than 60 degrees).

The results of the analyses of inclined incident waves show that, even though

the topographic amplification is greater for inclined waves, the magnitude of the

acceleration at the crest (both horizontal and vertical) is greatest for the case of

173
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vertically propagating waves. The ratio between the peak vertical and horizontal

response in the time domain ranges from 0.3 to 0.5, and was observed to vary with

incident angle and input motion.

7.6 IMPLICATIONS FOR STABILITY ANALYSES OF STEEP SLOPES

Though the study presented herein was carried out specifically for steep slopes
in weakly cemented sands, the procedures used in the seismic response portion of the
study are equally applicable to steep slopes in other materials. Therefore, based on
the relationships between the peak acceleration at the crest and the maximum seismic

coefficient, a procedure for incorporating the results of this study into the stability

analysis of steep slopes can be suggested, as follows:

(1) The initial step should be a one-dimensional seismic site respon._«ic analysis
in the free field behind the crest of the slope (e.g. using SHAKE) using an
input motion éppropriate for the site under consideration. When considering
topographic effects, ample conservatism can be obtained by selecting an input

motion with a predominant frequency close to the natural frequency of the

site.

oy Do)y C‘“\“"L Sy t028 &g = 0¥

(2) To account for the effect of topography, the maximum ground surface

acceleration obtained by the 1-D analysis should bé increased by 50 percent

to estimate the maximum acceleration at the crest of the slope.
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(3) Normalized values of kpay at various depths can be selected from the
relationships presented in this study. Upper bound.values should be used for
steepest slopes, while average values should be used for shallower slopes.
The values of k_,, should be multiplied by 0.65 (Seed and Martin, 1967) to

get the k,, value to use for analysis.

€0 ﬁr Dol G, Ghe }:_:y & 0.% ﬁ./ h/H =\

Gy ek

(4) For steepest slopes, k,, can be used to estimate average tensile stress on
failure plane and perform limit equilibrium analysis. For shallower slopes, k,,
can be used in typical pseudo-static limit equilibrium analysis. For slopes in
weakly cemented sands, static strengths can be used to estimate the dynamic
strength of materials, based on results reported by Wang (1986) and Sitar
(1990).
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DCPP ISFSI GEOTECHNICAL CALCULATION PACKAGE

Title: Development of coefficient of subgrade reaction for DCPP ISFSI pad

stability checks

Calc Number: GEO.DCPP.01.07

Revision: Rev. 1

Date: October 15 2001
Author: Joseph I. Sun
Verifier: Robert K. White
PURPOSE

As required by Geosciences Work Plan GEO 2001-03, Appendix E, this calculation
package documents the development of equivalent Winkler spring constants (coefficient
of subgrade reaction) for the DCPP ISFSI pad foundation rock. These constants are to be
used for an independent check of pad stresses and strains, to be performed by others.

The values were developed for both harder rock (hard dolomite and cemented sandstone)
‘and softer rock (friable sandstone) to bracket the likely variation of foundation rock
expected under the pad.

ASSUMPTIONS

1.

The foundation rock beneath the ISFSI pads varies between dolomite/cemented
sandstone and friable sandstone. This is based on the 2001 field investigation results
as documented in Calculation Package GEO.DCPP.01.21 Figure 21-41. Reock elastic
properties are derived from measured in-situ wave velocities as documented in
Calculation Package GEO.DCPP.01.01.

Elastic properties will generally vary between that measured for hard
dolomite/cemented sandstone and friable sandstone. This is based on the _
interpretation of in-situ shear wave velocities where the high and low shear wave
velocity measurements corresponded to the hard dolomite/cemented sandstone and
friable sandstone from the boring logs. Should very localized zones have elastic
properties lying below those stated in GEQ.DCPP.01.01, they will either encompass
too limited a volume to influence the individual pads, or, if extensive, the soft zones

will be subexcavated during construction. This is based on about 100-ft spacing

page 1 of \ 2.
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borings drilled within the pad footprint area that showed no consistent soft zones
extending across multiple borings, and based on common construction practice and
expecting PG&E to have QA engineers on site during construction.

3. The harder foundation material will not undergo significant non-linear stress-strain
behavior under pad design loads. This assumption was subsequently verified by a
review of the pad stability analysis results which showed strain levels are sufficiently '
small such that non-linear behavior is not expected (White, 10/15/01).

4. Simplifications made in the governing equation, below, are appropriate for the level
of detail required and appropriate for the uncertainties associated with the inputs
(Young’s modulus and Poisson’s ratio) used in the calculation. This assumption is
considered reasonable based on a review of the equation, and was also recommended
in the reference (Bowles, 1988) provided below.

INPUTS

1. Values of Young’s modulus and Poisson’s ratio from PG&E Geosciences Department

Calculation Package GEO.DCPP.01.01.
2. Pad width of 68 feet from Klimczak, 9/27/01 (Drawing PGE-009-SK-001, page 8,

attached).

METHODOLOGY AND EQUATIONS

1. Based on the equation developed by Vesic (1961) and presented in Bowles (1988),
page 7, attached, calculate coefficient of subgrade reaction using elastic properties of
_the foundation material as follows: :

Kk's=0.65x [ (Esx BY)/(Eex 191 x Es/ (1 - p?) ¢}
inwhich k's= coefficient of subgrade reaction
= Young's modulus of foundation soil/rock
Efr= Young's modulus of footing

=  width of footing
Ir= moment of inertia of footing
p = Poisson’s ratio of foundation soil/rock

page 2 of '~
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And using the procedure as presented in Bowles (1988), page 10, attached:

2. Substitute k;=k's/ B into equation (1)

Observe that 0.65 x [ (Es x B“) [ (EexIg] 2 approaches 1 for any values because of

the 12" root.
Simplify equation (1) accordingly as follows:

ke= Es/Bx [/ (1-1)] )

SOFTWARE

No software is used to perform calculations.

CALCULATION

1.

Based on calc package GEO.DCPP.01.01, the elastic properties for the hard
dolomite/cemented sandstone and friable sandstone are as follows:

Foundation Material Young's Modulus “Poisson's Ratio
Hard dolomite and
2.1 x 108 psi 0.37
cemented sandstone Ix psi 3
Friable sandstone 0.2 x 10°psi 0.31

Use 68 feet as width (B) for ISFSI pad in equation (2).
Compute coefficient of subgrade reaction for hard dolomite/cemented sandstone:

(2.1 x 10°Ib/in®)* (144 in¥R%) / (68 f) x [ 1/ (1 - 0.37%) ]
5,152,426 Ib/f°
or 5,152 kips/ﬁ3

ks

Compute coefficient of subgrade reaction for friable sandstone:

(0.2 x 10°Ib/in®)* (144 in¥/R2) / (68 ft) x [ 1/ (1 ~0.31%) ]
468,558 Ib/ft
or 469 kips/f’

ks

page 3of 11~
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RESULTS AND CONCLUSION

For dolomite and cemented sandstone (hard rock), for Es of 2.1 x10° psi under very small
strain (10*%), Poisson's Ratio of 0.37, and a foundation width of 68 ft, the computed
coefficient of subgrade reaction (k;) is: 5,152 kips/ 2 (2.98 k/in®). This harder rock is not
expected to undergo significant non-linear behavior even during large earthquakes.

For altered sandstone (soft rock), for E; of 0.2x10° psi under very small strain (107%),

~ Poisson's Ratio of 0.31, and a foundation width of 68 ft, the computed k is: 469 kips/ f?
(0.28 k/in®). This value, according to DM-7, 1986 (page 12, attached), corresponds to
dense sands or very stiff clay. This material has the potential to experience non-linear
behavior under large earthquakes. If the material is strained to higher levels, the Young's
modulus could drop below the value measured at small strain (10’4%), and so would the

coefficient of subgrade reaction. -

The coefficient of subgrade reaction (ks) is in units of F(force)/L(length)’ or kips/ft’. To
convert this to a nodal spring constant with units of F/L, each node spring ks must be
multiplied by the contributing area of the analytical element to get units in kips/in.

REFERENCES

1. Bowles, Joseph E., 1988, Foundation Analysis and Design, 4™ edition.

2. DM-7, 1986, Naval Facilities and Engineering Command, Foundations and Earth
Structures, Design Manual 7.02 ("DM-7"), September.

3. Vesic, A.S., 1961, “ Beams on Elastic Subgrade and the Winkler Hypothesis”,

~ Proceedings, 5™ International Conference on Soil Mechanics and Foundation
Engineering, Vol. 1, pp. 845-850.

4. Geosciences Work Plan GEO 2001-03, Development of Engineering Properties for
ISFSI and CTF Foundation and ISFSI Cut and Fill Slope Reinforcement for The
DCPP ISFSI Site, rev. 0.

5. Geosciences calculation package GEO.DCPP.01.01, rev. 1, " Development of
Young’s Modulus and Poisson’s ratio for DCPP ISFSI based on field data.”

6. Geosciences calculation package GEO.DCPP.01.21, rev. 0, " Analysis of Bedrock
Stratigraphy and Geologic Structure at the DCPP ISFSI Site."

page 4 of 1\



Attachment “A” to Calc. # 52.27.100.717 Rev. 0 Page 7 of14

DCPP ISFSI Calc. Number: GEO.DCPP.01.07, Rev. 1

7. White, (10/15/01): letter report from Robert White to Richard Klimczak, entitled
"Determination of applicability of rock elastic stress-strain values to calculated strains
under DCPP ISFSI pad,” dated 10/15/01.

8. Klimczak (9/27/01): letter from Richard Klimczak to Robert White, entitled
"Transmittal of ISFSI Site and Vicinity Plans for the DCPP Used Fuel Storage
Project,” dated 9/27/01.

ATTACHMENTS

1. Klimczak (9/27/01): letter from Richard Klimczak to Robert White, entitled
"Transmittal of ISFSI Site and Vicinity Plans for the DCPP Used Fuel Storage
Project,” dated 9/27/01, and Drawing PGE-009-SK-001, pages 6, 7, and 8.

2. Bowles, J. E., 1988, Foundation Analysis and Design, 4th edition, McGraw-Hill,
cover and page 407, pages 9 and 10.

3. DM-7, 1986, Naval Facilities and Engineering Command, Foundations and Earth
Structures, Design Manual 7.02 ("DM-7"), September, cover and page 7.1-129, pages
11 and 12.
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Memorandum

Date: September 27, 2001 File #: 72.10.05

To: Robert K. White Phone: (415) 973-0544
PG&E Geosciences Dept

From: Richard L. Klimczak, Project Engineer

subject:  Diablo Canyon Units 1 and 2
Transmittal of ISFSI Site and Vicinity Plans for the DCPP Used Fuel -

Storage Project
Pacific Gas and
Hg Electric Company

Dear Rob,

Attached are copies of three site plan drawings and a sketch of the cask transfer
facility.

PG&E Drawing 471124 is a plant site plot plan. Fig. 2.1-2 is a site plan showing the
ISFSI and Transport Route. UFSP-SK-004 is a sketch of the Cask Transfer Facility.

PGE-009-SK-001 is the ISFSI site plot pian showing the cask storage pads, Cask
Transfer Facility and the near vicinity of the ISFSI site. The drawing was prepared by
Enercon Services Inc. Per Holtec calculation HI-2012618, Rev. 3, the weight of each

loaded cask is 360,000 pounds.
This transmittal is per requirements of DCPP Procedure CF3.1D17.

If you have comments or questions please contact me at (805) 585-6320 or A. Tafoya
at (805) 595-6392.

Richard L. Klimczak

Project Engineer
Diablo Canyon Used Fuel Storage Project

Attachments: Dwg 471124, Fig. 2.1-2, PGE-009-SK-001, UFSP-SK-004

cc: LJStrickland SLO B3 w/o WPage 245 Market N4C 418B w/o
BHPatton SLO BB w/ioc DCPP RMS DCPP 119/1
NJahangir DCPP 201/112 w/o DCPP Chronological Flle
AFTafoya SLOB10 - DCPP File No.72.10.05

W\.f\: 1
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DWG. NO. REVISION : TITLE

471124 1 Plot Plan

Tig. 2.1-2 D Plan Drawing of the ISFSI Site

"PGE-009-SK-001 0 Site Plot Plan, ISFSI Cask Storage Pad, Cask Transfer
Facility

UFSP-SK-004 A Cask Transfer Facility Structure (Schematic)
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Feomm Dowles, Foundakien Geo.pepi.onom dev. )
M ““‘ % and b&n‘ﬂo\\‘)ws"m FOOTINGS AND BEAMS ON ELASTIC FOUNDATIONS 407

For footings on clay:

ks = kB (9-3)
For footings on sand (including size effects):
' . (B+1}?
k= kx(—ﬁ—) (94)
For a rectangular footing on sand of dimensions B x mB8:
m+05
k= k, Sm 9-5)

In these equations k, = desired value for full-sized footings and k, = value
from a 1 x 1 ft square plate load test. :

Vesi¢ (1961a, 1961b) proposed that the modulus of subgrade reaction could
be computed using the stress-strain modulus E, as

—ogs TEB_E, .
ke ¢9

where E,, E, = modulus of soil and footing, respectively, in consistent units
B, I = footing width and its moment of inertia based on cross section
(not plan) in consistent units

One can obtain k, from K, as
2o K
=%

Sinoe?t.hé twelfth root of any value x 0.65 will be close to 1, for all practical
purposes tBe Vesi¢ equation reduces to

- ar

E,
b= B(1 - %

One may rearrange Eq, 9‘160) and using E;, = (1 — p?)/E, as in I;qu. (5-18)
and (5-19) obtain ,;’ .
v*%" an = AgBELL,

and since k, is defined as Ag/AH we obtain

(9-6a)

Ag 1
k' = e— 9-
AH BE[If ©-D
but carefully note the definition of E;. Now we can correctly incorporate the size
effects which are a major concern~—particularly for the mat foundations of the next
chapter. As for Eqs. (5-18) and (5-19) we can write a k, ratio from Eq. (9-7) as
follows:

ksy  BaEjyl 1,
b L ik ? k. Lot 9.8
k2  B\E,l, Iy, ©-5)

Puop 1@ oF 13-
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