Nuclear Operafing Company

South Texas Project Efectric Generating Station  PO. Bax 289 Wadsworth, Texas 77483 AAAN-

, ~ August 10, 2009
U7-C-STP-NRC-090090

U. S. Nuclear Regulatory Commission
Attention: Document Control Desk
One White Flint North

11555 Rockville Pike

Rockville, MD 20852-2738

South Texas Project
Units 3 and 4
Docket Nos. 52-012 and 52-013
Supplemental Response to Request for Additional Information and
Responses to Requests for Additional Information

Reference: Letter, Mark McBurnett to Document Control Desk, “Responses to Requests
for Additional Information,” dated July 20, 2009 (U7-C-STP-NRC-090072,
ML092030132) ‘

Attached are responses to NRC staff questions in Request for Additional Information (RAT)
letters numbered 117 and 130, related to COLA Part 2, Tier 2, Subsection 2.5S.2, “Vibratory
Ground Motion,” and Subsection 2.5S.4, “Stability of Subsurface Materials and Foundations,”
and Subsection,” respectively. Attachments 1 through 6 complete the responses to these letters.

Attachment 1 provides the tables and figures that supplement the changes proposed in the
response to RAI letter number 117, RAI question 02.05.02-19, which was provided in the
reference letter, and satisfies the commitment (09-10843-1) in that letter.

Attachments 2 through 6 provide the responses to the following NRC staff questions included in
RAI letter number 130: ' ' :

102.05.04-24 02.05.04-26 02.05.04-28
102.05.04-25 02.05.04-27

RAI question 02.05.04-28 requested that STP submit, in electronic format, the input data
necessary to perform shear wave velocity liquefaction analyses. This data is provided as an
enclosure with this letter.

When a change to the COLA is indicated, the change will be incorporated into the next routine
revision of the COLA following NRC acceptance of the RAI response.

There are no commitments in this letter.

If you have any questions regarding these responses, please contact me at (361) 972-7136, or Bill
Mookhoek at (361) 972-7274.

STI 32511298 'ng (
NEZO
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I declare under penalty of perjury that the foregoing is true and correct.

Executed on 8llolaj /&,‘/U

Scott Head
Manager, Regulatory Affairs
South Texas Project Units 3 & 4

rhb

Attachments: _

1. RAI 02.05.02-19, Supplement 1
2. RAI 02.05.04-24

3. RAI 02.05.04-25

4. RAI 02.05.04-26

5. RAI 02.05.04-27

6. RAI 02.05.04-28

Enclosure:

DVD: U7-C-STP-NRC-090090, Enclosure 1, “RAI 02.05.04-28 Liquefaction Analyses Input."



cc:  w/o attachments and enclosure except*
(paper copy)

Director, Office of New Reactors

U. S. Nuclear Regulatory Commission
One White Flint North

11555 Rockville Pike

Rockville, MD 20852-2738

Regional Administrator, Region IV

U. S. Nuclear Regulatory Commission
611 Ryan Plaza Drive, Suite 400
Arlington, Texas 76011-8064

Kathy C. Perkins, RN, MBA

Assistant Commissioner

Division for Regulatory Services

Texas Department of State Health Services
P. O. Box 149347

Austin, Texas 78714-9347

Alice Hamilton Rogers, P.E.

Inspection Unit Manager

Texas Department of State Health Services
P. O. Box 149347

Austin, Texas 78714-9347

C. M. Canady

City of Austin

Electric Utility Department
721 Barton Springs Road
Austin, TX 78704

*Steven P. Frantz, Esquire

A. H. Gutterman, Esquire
Morgan, Lewis & Bockius LLP
1111 Pennsylvania Ave. NW
Washington D.C. 20004

*George F. Wunder

*Tekia Govan g
Two White Flint North

11545 Rockville Pike
Rockville, MD 20852
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(electronic copy)

*George Wunder
*Tekia Govan

Loren R. Plisco
U. S. Nuclear Regulatory Commission

Steve Winn

Eddy Daniels

Joseph Kiwak

Nuclear Innovation North America

Jon C. Wood, Esquire
Cox Smith Matthews

J. J. Nesrsta
R. K. Temple
Kevin Pollo

L. D. Blaylock
CPS Energy
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RAI 02.05.02-19, Supplement 1

STP Letter U7-C-STP-NRC-090072 (ML092030132), dated July 20, 2009, provided the
response to RAT 02.05.02-19, which included changes to STP COLA Part 2, Tier 2, Subsection
2.558.2.5, “Seismic Wave Transmission Characteristic of the Site,” and Subsection 2.55.4.7,
“Response of Soil and Rock to Dynamic Loading.” This supplemental response to RAI
02.05.02-19 provides the revised Tables and Figures supporting these sections which were not
provided with the original response. '
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Table 2.5S.2-17 Controlling Magnitudes and Distances from Deaggregation

Struct. frequency Ang::; :t;?q_ Overall hazard Hazard from R>100 km
: M R, km M R, km
18&25Hz 1E-4 7.4 600 7.6 880
58& 10 Hz 1E-4 6.7 230 75 790
1&2.5Hz 1E-5 7.3 380 7.7 890
5 & 10 Hz 1E-5 T 61 46 7.7 850
1&25Hz 1E-6 6.9 122 7.8 890
5 & 10 Hz 1E-6 5.6 10 7.8 860

Shaded cells indicate values used to construct UHRS
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Table 2.5S.2-18 Horizontal 10 Rock and Site Specific UHRS (in g)

~ Rock UHRS Transfer Functions | Surface UHRS | Raw rJ'Smooth'L1
Freq! LF, HF, LF HF, LF, HF, | Envelope | Spectrum
\Hz2) | Sa(g] | Sa(g) | Amp | Amg | Sa(g) | Sa(g) | Sag) | Sa(g)

100 |3.27E-02 | 3.27E-02 | 2.190 1.556 | 7.17E-02 | 5.09E-02 | {7.17E-02| 7.17E-02
90 3.57E-02 | 3.57E-02 | 2.009 1.427, | 7.17E-02 | 5.10E-02 | 7.17E-02| 7.17E-02

80 4.08E-02 | 4.09E-02 | [1.759 1.249 |7.18E-02 | 5.11E-02| {7.18E-02| 7.18E-02

70 4.86E-02 | 4.88E-02 | [1.479 1.050 | 7.19E-02 | 5.12E-02 | 7.19E-02| 7.19E-02

60 5.84E-02 | 5.87E-02 | [1.232 0.876 [i7.20E-02 | 5.14E-02 | 7.20E-02| 77.20E-02

50 6.79E-02 | 6.83E-02 | [1.063 .| 0.759 |{7.22E-02|5.18E-02 | {7.22E-02| [7.22E-02

‘45 7.17E-02 | 7.22E-02 | {1.010, 0.724 [7.24E-02 | 5.22E-02 | 7.24E-02| [7.25E-02

;40 i7.46E-02 | 7.51E-02 | 0.976 0.704 |7.28E-02 | 5.28E-02 | {7.28E-02| [7.29E-02

35 7.66E-02 | 7.71E-02 | 0.959 0.698 |7.34E-02 | 5.38E-02 | [7.34E-02| {7.35E-02
30 7.78E-02 | 7.82E-02 | 0.958 0.711] [7.46E-02 | 5.56E-02 | 7.46E-02| 7.46E-02

25 7.84E-02 | 7.84E-02| 0.977, | 0.748 7.65E-02 | 5.86E-02 | {7.65E-02| 7.67E-02

20 i7:68E-02 | 7.78E-02 | [1.041 0.823 | 8.00E-02 | 6.40E-02 | 8.00E-02| 8.02E-02

15 i7.39E-02 | 7.52E-02 | [1.170 0.982 |8.65E-02 | 7.38E-02 | 8.65E-02| 8.66E-02

i12.5; 7.16E-02 | 7.25E-02 | {1.274 1.118 | 9.13E-02 | 8.11E-02 | 9.13E-02| 9.14E-02

10 [6.84E-02 |6.84E-02 | 1.444 | 11.333 |9.88E-02)|9.12E-02| 9.88E-02| 9.86E-02

9 6.79E-02 | 6.81E-02 | {1.511 1.413 | {1.03E-01) | 9.63E-02 | {1.03E-01j i1.02E-01

8 6.71E-02 | 6.74E-02 | {1.593 1.523 [[1.07E-01[1.03E-01| {1.07E-01] 1.08E-01

i7i 6.59E-02 | 6.63E-02 | {1.741 1.710_ [[1.15E-01 [ 1.13E-01| [1.15E-01] 1.15E-01

6 6.44E-02 | 6.46E-02 | 1.961 1.970 | [1.26E-01[1.27E-01| {1.27E-01] 1.26E-01

5 6.20E-02 | 6.20E-02 | 2.165 2.162  [[1.34E-01[ 1.34E-01| 1.34E-01] 1.35E-01

4 5.94E-02 | 5.48E-02 | 2.417 2.446 | [1.44E-01[1.34E-01| {1.44E-01] 1.43E-01

3 5.66E-02 | 4.58E-02 | 2.728 2.765 [{1.54E-01[1.27E-01| [1.54E-01] 1.56E-01

25 5.52E-02 | 4.01E-02 | 3.059 3.123 |1.69E-01 | 1.25E-01]| [1.69E-01] 1.64E-01

2 5.17€-02 | 3.31E-02 | 2.862 2.852 |11.48E-01[9.45E-02 | {1.48E-01] 1.52E-01

1.5 4.73E-02 | 2.46E-02 | 3.120 3.125 |1.48E-01|7.69E-02 | [1.48E-01] i1.46E-01

i1.25 4.39E-02 | 1.98E-02 | 3.146 3.133  |1.38E-01| 6.21E-02 | {1.38E-01] {1.39E-01

il 4.14E-02 | 1.49E-02 | 3.061 3.070 [{1.27E-01| 4.58E-02 | 11.27E-01] 1.26E-01

0.9 [4.08E-02 |1.30E-02 | 2.897 2.896 |{1.18E-01]| 3.76E-02 | [1.18E-01] 11.22E-01

0.8 3.95E-02 | 1.11E-02 | 3.026 3.031 [11.20E-01]| 3.36E-02 | {1.20E-01] {1.16E-01

0.7 |3.75E-02[9.28E-03 | 2.894 | 2.843 |1.09E-01|264E-02| {1.09E-01] 1.16E-01

0.6 3.62E-02 | 7.54E-03 | 3.292 3.319 [{1.19E-01]| 2.50E-02 | 11.19E-01] 1.11E-01

0.5 3.41E-02 | 5.88E-03 | 3.041 3.066 | 1.04E-01| 1.80E-02 | 1.04E-01] i1.04E-01

0.4 2.48E-02 | 4.31E-03 | 3.124 3.059 |[[7.73E-02 [1.32E-02 | [7.73E-02| 7.94E-02

0.3 11.57E-02 | 2.85E-03 | 3.238 3.212 | 5.08E-02 | 9.16E-03 | 5.08E-02| 5.05E-02

0.2 i7.39E-03 | 1.53E-03 | 2.842 2.756 | 2.10E-02 | 4.22E-03 | 2.10E-02] 2.25E-02

015 3.92E-03 | 9.48E-04 | 2.983 2.943 |[1.17E-02 | 2.79E-03 | [1.17E-02| 1.18E-02

0.125 [2.48E-03 | 6.86E-04 | 3.358 3.331 [8.34E-03 | 2.28E-03 | 8.34E-03| 8.25E-03

0.1 11.33E-03 | 4.50E-04 | 3.125 3.005 |4.17E-03 | 1.35E-03 | 4.17E-03| 4.17E-03
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Table 2.58.2-19 Horizontal 10”° Rock and Site Specific UHRS (in g)

] _Rock UHRS Transfer Functiqnsf Surface UHRS __Raw, H’Smooth‘L1
Freq. L.F HF, _LF HF, _LF HF, Envelope | Spectrum
Mz | Sa(g) | Sa(g] | Amg | Amg | Sa(g) | Sa(g] | Sa(e) | Sa(g)
100 [11.26E-0111.26E-01| 1.583 1.175 |[1.99E-01] [[1.48E-01] [1.99E-01] {1.99E-01
90 1.39E-01 | 11.39E-01| 1.438 1.066  |11.99-01 [ 1.48E-01[ {1.99E-01] [1.99E-01
80 1.60E-01[[1.61E-01| 1.245 | 0.921 [2.00E-01][[1.48E-01| 2.00E-01] 2.00E-01
70 1.93E-01|[1.956-01 1.033 | 0.764 [2.00E-01[[1.49E-01]| 2.00E-01] 2.00E-01
60 | 2.36E-01[2.38E-01| 0.848 | 0.627 |2.00E-01[[1.49E-01[ 2.00E-01] 2.00E-01
50 [2.78E-01[2.82E-01[ 0.719 | 0.533 [2.00E-01[11.51E-01]] 2.00E-01] 2.00E-01
45  |2.97E-01[3.01E-01| 0.676 | 0.504 |2.01E-01|[1.52E-01[ 2.01E-01] 2.01E-01
40 [3.12E-01[3.16E-01/| 0.645 | 0.485 [2.01E-01[{1.54E-01] 2.01E-01] 2.01E-01
35 |[3.24E-01[3.28E-01[ 0.624 | 0.477 [2.02E-01[[1.57E-01]] 2.02E-01] 2.02E-01
30 [3.33E-01[3.37E-01| 0.613 | 0.483 [2.04E-01[[1.62E-01| 2.04E-01] 2.04E-01
25 |3.40E-01[3.40E-01| 0611 | 0509 [2.08E-01[11.73E-01[ 2.08E-01] 2.08E-01
20 [3.22E-01[3.296-01| 0.670 | 0.586 [2.16E-01[1.93E-01[ 2.16E-01] 2.16E-01
15 |2.956-013.03E-01| 0.788 | 0.753 |[2.32E-01[2.28E-01]| 2.32E-01] 2.33E-01
2.5 |2.77E-01[2.82E-01| 0.882 | 0.891 [2.44E-01[2.51E-01| 2.51E-01] 2.52E-01
1o 2.53E-01] [ 2.53E-01| 11.044 1.119 |2.64E-01/|2.83E-01| 2.83E-01| 2.83E-01
9 2.46E-012.47E-01] 1.120 | 1.211] [2.75E-01[2.99E-01]] 2.99E-01] 2.98E-01
8 2.37E-01|2.38E-01]{ 1.203 1.314 |2.85E-01 | 3.13E-01| 3.13E-01] 3.16E-01
i 2.27E-01]2.28E-01| 11.328 1.489 |3.02E-01|[ 3.40E-01| 3.40E-01] 3.41E-01 .
6 2.15E-01 | 2.15E-01| 1.540 1.743 | 3.31E-01[3.75E-01| 3.75E-01] 3.72E-01
5 2.00E-01[2.00E-01[ 1.789 | 1.972 [3.57E-01|3.94E-01| 3.94E-01] 3.89E-01
4 1.88E-01 [[1.70E-01| 2.014 2.239 [3.79E-01|3.81E-01] 3.81E-01] 3.86E-01
3 1.69E-01[[1.36E-01| 2.371 2.585 |4.01E-01[3.52E-01[ 4.01E-01] 4.01E-01
2.5 [1.54E-01[[1.16E-01| 2.700 | 2.940 |[4.14E-01]3.41E-01| 4.14E-01] 4.13E-01
2 1.46E-01]9.26E-02| 2.735 | 2.785 [4.00E-01|2.58E-01| 4.00E-01 4.04E-01
n.5  |N.36E-01]6.60E-02| 2.973 | 3.041 [4.04E-01{2.01E-01] 4.04E-01] 3.99E-01
.25 [[1.27E-01[5.20E-02| 3.066 | 3.079 [3.88E-01[{1.60E-01| 3.88E-01] 3.85E-01
Hi 1.14E-01[3.82E-02| 2.997 | 3.018 [3.41E-01[1.15E-01| 3.41E-01] 3.48E-01
0.9 |[1.18E-01[3.28E-02| 2.815 | 2.846 |[3.32E-01|9.34E-02 | 3.32E-01| 3.41E-01
0.8 [[M.19E-01[2.77E-02| 2.935 | 2.976 [B.50E-01[8.24E-02| 3.50E-01] 3.37E-01]
0.7 [1.17E-01[2.27E-02| 2.809 | 2.788 [3.29E-01|6.34E-02| 3.29E-01|| 3.51E-01
0.6 |N.17E-01[.81E-02] 3.243 | 3.269 |[3.80E-01|5.90E-02| 3.80E-01| 3.54E-01
0.5 |N.14E-01[{1.37E-02| 3.009 | 3.014 |[B3.42E-01|4.12E-02| 3.42E-01] 3.46E-01
0.4 |8.27E-02[9.61E-03| 3.241 | 3.063 |2.68E-01|2.94E-02| 2.68E-01| 2.70E-01
0.3 [5.27E-02[5.97E-03| 3.276 | 3.153 [{1.73E-01[{1.88E-02 | {1.73E-01] 1.72E-01
0.2 [2.49E-02[2.89E-03| 2.899 | 2.763 |[7.23E-02 |7.98E-03 | i7.23E-02] 7.72E-02
0.15 |[{1.32E-02[{1.64E-03| 3.018 | 2.910 [3.99E-02 [4.76E-03 | 3.99E-02| 4.03E-02
0.125 [8.38E-03 [[1.11E-03| 3.389. | 3.299 [2.84E-02[3.66E-03 | 2.84E-02| 2.81E-02
0.1 [4.49E-03]6.67E-04]| 3.154 | 3.014 [1.42E-02 [2.01E-03| 1.42E-02] {1.42E-02
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PR = Input Rock Spectra
Set of Runs Description | Recurrence | Magnitude | Duration [sec]
LF 107 Low Freq! 104 7.6 13
HF 10 | High Freq 107 6.7 10
LF 1073 Low Freq! 107 7.7 13
HF 105 | High Freq! 107 6.1 7
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Figure 2.58.2-32 M and R Deaggregation for 5 and 10 Hz at 10° Annual Frequency of
Exceedance
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Figure 2.5S5.2-33 Smooth 10 Rock UHRS for HF and LF Earthquakes
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Figure 2.5S.2-34 Smooth 10° Rock UHRS for HF and LF Earthquakes
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Shear Wave Velocity, Vs [ft/sec]
2000 4000 6000 8000

o

T T T T T
1
i
'
I

[ W U T |

= = =84%Vs
Median Vs
= = =16% Vs

1000

T TR S |

2000 4 ----------3 QG oo

3000

Depth [f]

4000

5000

6000

7000

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1

8000

Profile (+/- One Standard
sS




RAI 02.05.02-19, Supplement 1 U7-C-STP-NRC-090090
Attachment 1
Page 11 of 91

Shear-Wave Velocity [ft/sec]
0 1000 2000 3000 4000 5000 6000 7000

Randomized

e Median - Output

e -Medlan Input

1000

2000

3000

4000

Depth [ft]

5000 -

6000 A

7000

8000

files, Median (Output)
;pmm Used For




RATI 02.05.02-19, Supplement 1 U7-C-STP-NRC-090090
Attachment |
Page 12 of 91

T .
08 F

06F

0sf

G/Gmax

04l

03fF

-4.0 -3.5 -3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0

logl0[Strain(%)]
Figure 2.58.2-37 Strain Dependent Degradation Curves for Stratum C
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Figure 2.5S.2-38 Strain Dependent Damping Curves for Stratum C
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Table 2.5S.4-27 Summary of Shear Wéve Velocities to 600 Feet Below Ground Surface
fop El.| Bottom ll’wc:idn-t Unit Minimum | Average :
Soil [1] "El. [1] | Thickness |Depth [2]| Weight | Pl | Average | Maximum | Vs (Ft/ Vs (Ft/ |Use Vs | Average
Stratum Type | (Feet) | (Feet) {Feet) (Feet) | (Feet) | (%) sy (ksf) Vs (Ft/sec)|  sec) sec) |(Ft/ sec) 1]
: 30 10 20 14 : 1,078 - 290 578 575 0.45
130 25 5 6.5 670 - (330 451 450 0.43

A Clay 25 20 5 115 124 3540 16 1,000 290 547 545 0.41
20 15 5 16.5 1,078 370 601 600 047
15 10 5. 215 " |890 300 643 640 0.48
10. 10 - 10 29 1,090 400 728 725 0.48

B Silt 10 [ 5 26.5 121 NA  INA 1,060 400 707 1705 0.48
5 0 5 31.5 1,090 - 470 758 755 0.49
0 -20 20 44 1,430 - (440 786 785 0.49

; 0 -5 5 36.5 1,430 1440 - 756 755 0.49

c sand |3 -10 5 415 122 NA  [N/A 1,220 520 805 805 0.49
0 |15 5 146.5 ’ 1,070 520 828 825 0.49
-15 -20 5- ' 51.5 1,390 510 767 765 0.49
-20 -40 120 64 1,550 - 7 540 929 925 . 0.48
-20 -25 5 56.5. 1,020 540 702 760 0.49

5 Cay |25 _ |30 5 1615 oIS |40 |30 1,331 580 849|845 049
-30 -35 5 66.5 1,370 790 1!026 ‘ 1,025 0.48
-35 -40 5 71.5 1,550 . 1870 _ 1,204 1,200 0.48
40 |60 20 84 1627 720 Tr.082 1,080 |0.48
-40 -45A_ 5 76.5 ) 1,430 940 1,196 1 ,195, 0.48

E Sand |45 |50 5 815 B3 NA  |N/A 1,627 750 1,103 1,100 [0.48
-50 -55  5 86.5 - 1,250 - 770 1,038 1,035 0.48
-55 -60 - 5 91.5 1,203 720 _|961 96C 0.48
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Table 2.55.4-27 Summary of Shear Wave Velocities to 600 Feet Below Ground Surface (Continued)
| Il’wolidn-t . Use
Top | Bottom Depth Unit Average | Maximum | Minimum | Average Vs
Soil El.{1] | EL [1] | Thickness [2] Weight | PI CH Vs Vs Vs (Ft/ | Average

Stratum Type | (Feet) | (Feet) (Feet) (Feet) (Feet) | (%) {ksf) (Ft/ sec) | (Ft/sec) | (Ft/ sec) | sec) u
-60 -75 15 101.5 1,280 720 947 945 0.48

-60 -65 5 96.5 R 1,280 720 905 905 0.49

F Clay %570 5 015 |12 |40 |2B2 g 830 956 955 | 048
-70 -75 5 106.5. 1,270 780 990 990 0.48

-75 -90 15 116.5 2,190 730 1,077 1,075 | 0.48

-75 -80 5 111.5 758 1,890 740 1,078 1,075 | 0.48

H Sand -80 -85 5 116.5 I1L2§' N/A | NIA 2,190 730 1,081 ‘ 1,080 | 0.48
-85 -90 5 121.5 1,814 750 1,071 1,070 | 0.48

-90 -125 35 141.5 1,880 640 1,148 1,145 | 0.48

-90 -95 5 126.5 1,350 760 981 980 0.48

-95 -100 5 131.5 1,410 720 1,057 1,055 |[0.48

-100 | -105 5 136.5 - 1,470 - 640 1,068 1,065 | 0.48

JClyt Gy s 0 |5 I R R b B K7 910 1307 | 1,305 | 0.47
-110 | -115 5 146.5 1,880 1,000 1,337 1,335 | 0.47

-115 | -120 5 151.5 1,610 1,090 1,260 1,260 | 047

-120 | -125 5 156.5 1,720 680 1,178 1,175 | 0.48

-125 | -140 15 166.5 3,210 720 1,275 1,275 | 0.47

| sang Sand/ -125 -130 5 161.5 15 VA | A 2,270 840 1,299 1,295 | 0.47
Silt -130 -135 166.5 ) 2,560 840 1,277 1,275 | 0.47

-135 | -140 171.5 3,210 720 1,244 1,240 | 0.47
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Table 2.5S5.4-27 Summary of Shear Wave Velocities to 600 Feet Below Ground Surface (Continued)
m,'ﬁ{t : Use
Top | Bottom Depth Unit Average | Maximum | Minimum | Average V,
Soil EL [1] | EL. [1] | Thickness [2] Weight | PI Sy Vg Vs Vs (Ft/ | Average

Stratum Type | (Feet) | (Feet) (Feet) (Feet) | (Feet) | (%) {ksf) (Ft/ sec) | (Ft/ sec) | (Ft/ sec) | sec) 1]

-140 | -185 45 196.5 1,690 700 1,033 1,030 (048

-140 | -145 5 176.5 1,690 930 1,235 1,235 (047

-145 | -150 5 181.5 1,260 960 1,036 1,035 (048

-150 | -155 5 186.5 1,390 870 1,059 1,055 |0.48

-155 | -160 5 191.5 | 1360 700 - 1,034 1,030 | 0.48

JClay2 | Clay  I—a—T765 T35 1965 | > |3 #8344 M 830 1,037 ] 1,035 | 0.48
-165 | -170 5 201.5 1,290 800 - 965 965 0.48

-170 | -175 5 206.5 1,330 770 966 965 |0.48

-175 | -180 5 211.5 1,180 760 943 940 0.48

-180 | -185 5 216.5 1,220 670 938 935 0.48

-185 | -203 18 228.0 1,650 730 1,170 1,170 [ 048

-185 | -190 5 221.5 1,420 820 1,111 1,110 [ 0.48

K Clay Clay -190 | -195 226.5 % 25 | 3.0 1,560 810 1,117 1,115 | 0.48
-195 | -200 231.5 £= 1,320 730 1,075 1,075 | 0.48

-200 | -203 3 235.5 1,650 1,430 1,510 1,510 [ 047

-203 | -228 25 249.5 2,010 940 1,371 1,370 | 0.47

-203 | -208 5 2395 1,630 1,140 1,341 1,340 | 0.47

KSand/ | sands -208 }-213. |5 2445 127 ua | na 2,010 1,100 1,573 1,570 | 0.46
Silt Silt -213 | -218 5 2495 1,630 1,070 1,350 1,350 | 0.47
-218 | -223 5 2545 1,490 1,230 1,346 1,345 (047

-223 | -228 5 259.5 1,620 940 1,240 1,240 (047

L Clay -228 | -233 5 264.5 320124 |50 | 3.0 1,410 750 979 975 0.48
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Table 2.58.4-27 Summary of Shear Wave Velocities to 600 Feet Below Ground Surface (Continued)

Mid- . :
Point Use
Top | Bottom Depth Unit Average | Maximum | Minimum | Average Vs
Soil | ELL[1] | EL [1] | Thickness [2] Weight | PI Sy Vs Ve V, (Ft/ | Average
Stratum Type | (Feet) | (Feet) (Feet) (Feet) (Feet) | (%) {ksf) (Ft/ sec) | (Ft/sec) | (Ft/ sec) | sec) H
-233 | -248 15 274.5 1,600 800 1,165 1,165 | 0.47
-233 | -238 269.5 1,600 1 ,ﬁ30 1,343 1,340 | 0.47
M Sand 538 243 2745 | 127 |NA|NA 1170 860 1,018 | 1,015 | 048
-243 | -248 5 279.5 1,400 800 1,110 1,110 | 0.48
-248 | -307 59 311.5 1,760 700 1,234 1,230 | 0.47
-248 | -253 5 284.5 1,180 700 957 955 0.48
-253 | -258 5 289.5 1,670 1,370 1,501 1,500 | 0.47
-258 | -263 5 294.5 1,650 1,320 1,510 1,510 | 0.46
-263 | -268 5 299.5 1,760 1,010 1,293 1,290 | 0.47
-268 | -273 5 304.5 1,100 980 1,053 1,050 | 0.48
NClay1 [ Clay -273 | -278 5 309.5 324123 ’45 30 1,200 900 1,037 1,035 | 0.48
-278 | -283 5 314.5 1,160 830 966 965 0.48
-283 | -288 5 319.5 1,260 1,070 1,112 1,110 | 0.48
-288 | -293 5 324.5 1,570 1,210 1,408 1,405 | 0.47
-293 | -298 5 329.5 1,640 1,470 1,522 1,520 | 0.46
-298 | -303 5 3345 1,640 1,110 1,362 1,360 | 0.47
-303 | -307 4 339.0 1,470 940 1,140 1,140 | 0.48
-307 | -324 17 349.5 2,430 1,390 1,646 1,645 | 0.46
-307 | -312 5 343.5 1,650 1,390 1,535 1,535 | 0.46
N Sand 1 | Sand -312 | -317 5 348.5 128 N/A | N/A 2,430 1,540 1,843 1,840 | 0.45
-317 | -322 5 353.5 1,720 1,560 1,618 1,615 | 0.46
-322 | -324 2 357.0 1,470 1,550 1,550 | 0.46

1,650
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Table 2.55.4-27 Summary of Shear Wave Velocities to 600 Feet Below Ground Surface (Continued)
Mid-
Point Use
Top | Bottom Depth Unit Average | Maximum | Minimum | Average Vs

. . Soil | EL[1]| EL[1] | Thickness [2] Weight | PI Sy . Vs Vs Vs (Ft/ | Average
Stratum Type [ (Feet) | (Feet) (Feet) (Feet) (Feet) | (%) {ksf) (Ft/ sec) (Ft/ sec) | (Ft/ sec) | sec) 7]
N Clay2 | Clay -324 | -332 8 362.0 7 2,220 870 1,537 1,535 | 0.46
-324 | -329 360.5 321123 (45 |30 2,220 1,460 1,704 1,700 | 0.45
-329 | -332 3 364.5 1,670 870 1,328 | 1,325 | 0.47
NSand2 | Sand |[-332 |[-365 33 3825 2,360 1,380 1,666 1,665 | 045
-332 | -337 5 368.5 1,790 1,380 1,642 1,640 | 0.46
-337 | -342 5 3735 1,810 1,630 1,685 1,685 | 045
342 | -347 5 378.5 1,690 1,610 1,649 1,645 | 0.46

128 N/A | N/A

-347 | -352 5 383.5 1,750 1,580 1,638 1,635 | 045
-352 | -357 5 388.5 1,620 1,470 1,561 1,660 | 0.46
-357 | -362 5 393.5 1,960 11,480 1,665 1,665 | 045
-362 | -365 3 3975 2,360 2,020 1 2,190 2,190 | 043
N Clay3 | Clay -365 | -373 8 403.0 2,540 1,220 1,851 1,850 | 0.45
;365 -370 5 401.5 321123 | 45 3.0 2,540 1,220 2,053 2,050 |0.43
-370 |-373 3 405.5 1,680 1,430 1,498 1,495 | 0.47
N Sand 3 | Sand -373 | -392 19 416.5 2,060 1,360 1,572 1,570 |{0.46
-373 | -378 5 409.5 2,060 1,410 1,682 1,680 | 0.46
R -378 1 -383 5 4145 128 N/A | N/A 1,710 1,460 1,577 1,575 | 0.46
-383 | -388 5 419.5 1,630 1,360 1,475 1,475 | 0.46
-388 | -392 4 4240 1,630 1,460 1,552 1,550 | 0.46
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Table 2.58.4-27 Summary of Shear Wave Velocities to 600 Feet Belbw Ground Surface (Continued)

Mid-
Point Use
Top | Bottom Depth Unit Average | Maximum | Minimum | Average Vs
Soil El.[1] | EL [1] | Thickness [2] Weight | PI Sy Vs Vs Ve (Ft/ | Average
Stratum Type | (Feet) | (Feet) (Feet) (Feet) | (Feet) | (%) (ksf) (Ft/ sec) | (Ft/sec) | (Ft/ sec) | sec) 1]
N Clay 4 Clay -392 -422 30 441.0 1,810 910 1,207 1,205 0.47
-392 -397 5 428.5 1,810 1,330 1,537 1,535 0.46
-397 -402 5 4335 1,260 1,040 1,115 1,115 0.48
-402 407 5 4385 424123 | 45 3.0 1,390 1,050 1,190 1,190 0.48
-407 412 5 4435 1,400 1,040 1,260 1,260 047
-412 -417 5 4485 1,380 1,000 1,167 1,165 0.48
-417. -422 5 453.5 -1,100 910 975 975 0.48
N Sand 4 Sand -422 430 8 460.0 1,720 870 1,359 1,355 0.47
422 -427 5 .458.5 128 N/A | N/A 1,720 870 1,292 1,290 047
-427 -430 3 462.5 1,580 1,370 1,460 1,460 0.46
N Clay 5 Clay -430 484 54 491.0 1,820 970 1,223 1,220 0.48
-430 -435 5 466.5 1,540 1,000 1,260 1,260 047
-435 -440 5 4715 1,460 970 1,184 1,180 0.48
-440 -445 5 476.5 1,050 1,030 1,040 1,040 0.48
-445 -450 5 481.5 1,060 1,000 1,040 1,040 0.48
-450 -455 5 486.5 1,460 1,080 1,273 1,270 0.48
324123 | 45 3.0
-455 -460 5 491.5 1,280 1,110 1,167 1,165 0.48
-460 -465 5 .496.5 1,130 1,080 1,110 1,110 0.48
-465 470 5 501.5 1,180 1,170 1,180 1,180 0.48
-470 -475 5 506.5 1,280 1,110 1,180 1,180 0.48
475 -480 5 511.5 1,420 1,190 1,330 1,330 047
-478 -484 4 516.0 1,820 1,750 1,785 1,785 0.46
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Table 2.55.4-27 Summary of Shear Wave Velocities to 600 Feet Below Ground Surface (Continued)
Il’wt;;-t Use
Top | Bottom Depth Unit Average | Maximum | Minimum | Average V,
Soil | EL[1] | EL[1] | Thickness [2] Weight | PI Su Vs V, Vs (Ft/ | Average
Stratum Type | (Feet) | (Feet) {Feet) (Feet) (Feet) | (%) (ksf) (Ft/ sec) | (Ft/sec) | (Ft/ sec) | sec) 1]
-484 | -502 18 527.0 2,250 1,540 1,848 1,845 | 0.45
-484 | -489 5 520.5 2,250 1,790 1,972 1,970 | 0.44
NSand5 | Sand |[-489 |-494 5 525.5 128 N/A | N/A 2,080 1,720 1,910 1,910 | 0.44
-494 | -499 5 530.5 2,020 1,540 1,735 1,735 | 0.45
-499 | -502 3 534.5 1,800 1,740 1,770 1,770 | 045
-502 | -575 73 572.5 1,880 1,120 1,347 1,345 | 047
-502 | -507 5 538.5 1,880 1,620 1,750 1,750 | 0.45
-507 | -512 5 543.5 1,250 1,180 1,217 1,217 | 0.48
-512 | -517 5 548.5 1,200 1,120 1,170 1,170 | 0.48
-517 | -522 5 553.5 1,270 1,140 1,190 1,190 | 048
-522 | -527 5 558.5 1,330 1,320 1,323 1,323 | 047
-527 | -532 5 563.5 1,190 1,130 1,160 | 1,160 | 0.48
-532 | -537 5 568.5 e 1,320 1,210 1,267 1,265 0.47
NClay6 | Clay -537 | -542 5 573.5 1223 | 45 30 1,230 1,220 1,227 1,225 . 0.47
-542 | -547 5 578.5 1,560 1,160 1,363 1,360 | 0.47
-647 | -552 5 583.5 1,400 1,270 1,317 | 1,315 [ 047
-552 | -557 5 588.5 1,370 1,290 1,330 1,330 | 0.47
-557 | -562 5 593.5 1,620 1,470 1,523 1,520 | 0.47
-562 | -567 5 598.5 1,800 1,280 1,508 1,505 | 0.47
-567 | -572 5 603.5 1,620 1,420 1,520 1,520 | 0.47
-572 | -575 3 607.5 1,450 1,420 1,435 1,435 | 0.47

[1]Elevations are referenced to NGVD 29 datum.
[2]Mid-point depth measured below El. 34 feet.
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Table 2.55.4-28 Summary of Shear Wave Velocities
Deeper than 600 Feet Below Ground Surface [1]
Top Bottom
Depth  Depth Top EI. Bottom | Mid-Point Depth Vs (Ft/

Profile (Feet) (Feet) (Feet) El. (Feet) [2] (Feet) sec)
M1P1 609 680 -575 -646' 644.5 2,050
680 780 -646 -746 730.0 2,150
780 880 -746 -846 830.0 2,250
880 1,300 -846 -1,266 1,090.0 2,350
1,300 11,930 -1,266 -1,896 1,615.0 2,550
1,930 2,500 -1,896 -2,466 22150 2,850
2,500 3,280 -2,466 -3,246 2,890.0 9,285
M1P2 609 1,000 -575 -966 804.5 1,585
1,000 1,300 -966 -1,266 1,150.0 2,350
1,300 1,930 -1,266 -1,896 1,615.0 2,550
1,930 2,500 -1,896 -2,466 2,215.0 2,850
2,500 3,280 -2,466 -3,246 2,890.0 9,285
M1P3 609 700 -575 -666 654.5 2,650
700 780 -666 -746 740.0 2,825

780 | 850 -746 -816 815.0 2,900 .
850 - 1,000 -816 -966 925.0 3,000
1,000 1,060 -966 -1,026 1,030.0 3,100
1,060 1,160 -1,026 -1,126 1,110.0 3,200
1,160 1,250 -1,126 -1,216 1,205.0 3,325
1,250 1,700 -1,216 -1,666 1,475.0 3,575
1,700 2,500 -1,666 -2,466 2,100.0 4,125
2,500 3,280 -2,466 -3,246 2,890.0 9,285

{11Shear wave velocities and depth ranges scaled from Figure B-12, "Shear Wave Velocity Profile
for the South Texas Site," Reference 2.5S.4-4
[2]Mid-point depth measured below El. 34 feet
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Table 2.55.4-29 Summary of Strata Unit Weights
Depth Below Stratum ' Selected
Ground Surface (feet) and/or Soil Type Unit Weight (pcf)
Ground Surface to 20 A 124
2010 30 B 121
30 to 50 C 122
50 to 70 D 421123
70 to 90 E 422123
90 to' 105 F 125
105 to 120 H 128
120 to 215 J Clay; J Sand . 125; 125
215 to 258 K Clay; K Sand/Silt 420427 124127,
25810263 L 420 124 (1]
263 t0 278 M 127
27810 609 - N Clay; N Sand : 421123; 128
609 to 680 Silt/Clay , 129 [2]
680t0 780 Silty Sand 126 [2]
780 to 880 Silt/Clay 130 (2]
880 to 1,300 Silty Sand 130 [2]
1,300 to 1,930 Interbedded Sand, Clay, Silt, Claystone 130 [2]
1,930 to 2,500 Interbedded Claystone, Siltstone, Sand, Clay, Silt 135 [2]
. 2,500 to 3,280 + Interbedded Claystone, Sand, Siit 140 [2]

(1] The selected unit weight for Stratum L is after Sub-stratum K Clay. The selected un|t weight for
Stratum M is after Sub-stratum K Sand/Siit

[2] The selected unit weights for strata deeper than approximately 600 feet below ground surface are
after Reference 2.5S.4-3, Boring B-233
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Table 2.55.4-30 Summary of Strata Depths for the Selection of Shear Modulus
Degradation and Damping Ratio Curves

Cohesionless Soils

Selected
Peninsular
Mid-Layer Depth For Curve Curve (feet)
Stratum Mid-Layer Depth (feet) | Selection (feet)
B (Silt) 29 30 <50
C (Sand) 44 45 < 50
E (Sand) 84 85 > 50
H (Sand) 116.5 120 > 50
J (Sand/Silt) 166.5 170 > 50
K (Sand/Silt) 2495 250 > 50
M (Sand) 274.5 250 > 50
N (Sand) 392, 427, 571 500 > 50
Cohesive Soils
Depth Range (feet) .
Stratum Average Pl (%) Adjusted PI (%)
A (Clay) <100 35 35
D (Clay) <100 39 40
F (Clay) > 100 39 60
J (Clay) > 100 36 60
K(Clay > 100 25 45
L (Clay) > 100 52 70
N (Clay) > 100 49 70
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Table 2.5S.4-31 Resonant Column Torsional Shear Testing Summary,

[7)
)
3
=2
®.

5:;?9 “No! [()fzz::;‘ Stratum _ Material

B-405 UD1 1.8 A Clay; LL =73, PI = 52
B-306 UD3 75.0 E Fine Sand, 8% fines
B-405 ub4 85.0 F Clay, LL = 60, PI = 41
B-306 UDg 104.7 H Sand (SP-SM)f

B-405 ube 127.0 U (clay 1) Clay, LL =68, Pi = 50
B405 UD8 170.0 L {ciay /ZSIft‘)"d Sandy Silt, 78% fines, non-plastic
B-305 uD1g 195.0 U (clay 2) Clay, LL =70, PI =48 48
B-405 uD10 2240 K(clay) Clay, LL =73, Pl =

B-305 UD13 265.5 M Silty Sand/Sandy Silt, 54% fines
B-405 UD13 294.7 N (clay 1) Clay, LL = 80, PI = 60
B-405 uD16 358.5 N (clay 2) Clay, LL =92, PI=65
B-305 uD18 387.5 - N (sand 2) Siity Sand, 15% fines
B-405 uD19 4405 N (clay 4) ‘ Clay, LL =33, Pl = 22
B-305A uD21| 4552 N (sand 4) Fine Sand (SP-SM)¥
B-405 ubD24 569.2 N (clay 6) Clay, LL = 84, PI= 62
B-305 UD25 590.5 N (clay 6) Clay, LL =67, PI = 48

{ Gradation tests were not performed-on the two samples indicated. The descriptions above are
based on visual descriptions in the field.
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[Table 2.5S.4-32 Summary of Shear Modulus Degradation Curves
Numerical Values Prior.to RCTS

Cohesionless Soil Strata

Stratum (Mid-Point Depth in Feet)
s le | e | A losma || | s s
@Oy | f@s1 | (@5 | (20) | 170) | 2505 | @se) | seo) | 39|50
Strain (%) . . Value of G/ Gmax
M.00E+00 | 0.08 | 0.09 | 0.11 | 0.12 0.14 0.15 015 | 020 | 0.09 | 0:20
3.16E-01 | 0.17 | 0.20 | 0.23 | 0.26 | * 0.27 0.32 0.32 | 0.40 | 0.22 | 0.40
d.00E-01 | 0.37 | 0.40 | 0.46 | 0.49 0.51 0.56 056 | 064 | 043 | 0.64
3.16E-02 | 061 | 0.65 | 069 | 0.72 | 0.74 0.78 0.78 | 0.84 | 067 | 0.84
H.00E-02 | 0.83 | 0.85 | 0.87 | 0.89 0.90 0.91 0.91 | 095 | 0.85 | 0.95
3.16E-03 | 0.96 | 0.97 | 098 | 0.98 0.98 0.99 099 | 0.99 | 0.97 | 0.99
1.00E-03 | {1.00 | .00 | 1.00 | [.00 .00 4.00 4.00 | 1.00 | {1.00 | .00
816E-04 | 1.00 | 1.00 | 1.00 | .00 | {00 100 | {00 | [.00 | {00 | A-00
H.00E-04 | 1.00 | 1.00 |- .00 | [1.00 1.00 1.00 4.00° [ {.00 | .00 | 1.00
Cohesive Soil Strata
Stratum (Plasticity Index in %)
s | s | e | 00 | RS || NGy
A(35) | D(40) | F (60) (60) (45) L (70) (70)
Strain (%) | - VALUE OF G/ GMAX
(1.00E+00 009 | 011 022 0.22 0.13 0.30 0.30
3.16E-01 0.19 | 0.26 0.42 0.42 0.28 053 0.53
1.00E-01 045 | 049 | 079 0.70 052 0.78 0.78
3.16E-02 069 | 075 | 0.88 0.88 0.77 0.94 0.94
1.00E-02 0.88 | 0.92 0.98 0.98 0.93 .00 1.00
3.16E-03 0.98 | 0.99 1.00 1.00 0.99 1.00 1.00
1.00E-03 1.00 | 1.00 1.00 1.00 1.00 .00 1.00
3.16E-04 4.00 | .00 1.00 1.00 1.00 4.00 1.00
1.00E-04 d.00 | 1.00 1.00 1.00 1.00 1.00 1.00




RAI 02.05.02-19, Supplement 1 U7-C-STP-NRC-090090
' : Attachment 1

Page 40 of 91
Table 2.5S.4-33 Summary of Damping Ratio Curves
Nunierical Values Prior to RCTS
Cohesionless Soil Strata
Stratum (Mid-Point Depth in Feet)
I R Ksang) | | v |Penineula
0 | 1 | 51 | ooy | o0y | osty | oo | feawy | 20| BB
Strain (%) VALUE OF DAMPING (%)
U.00E+00 | 245 | 232 | 221 | 21.0 205 | (194 194 | fe6 | 22.8 | 165
3.16E:01 | 21.0 | 19.6 | i85 | [17.3 16.6 15.5 455 | 13.0 g g
d.00E-01 | 185 | 17.2 | 6.0 | [14.8 14.0 13.0 43.0 | {05 | {65 | 103
3.16E-02 | 12.0 | 10.8 | 9.6 8.7 8.0 7.0 7.0 5.4 10.3 | 5.5
816E03 | 38 | 34 | 27 | 24 2.2 2.0 20 | 14 | 30 | 04
Cohesive Soil Strata ,
Stratum (Plasticity Index in %)
) j— gCly | KClay | | NCiay
)A(35) | D(40) | F(60) (60) _(45) L (70) (70)
. Strain (%) ‘ : VALUE OF DAMPING (%)
(.00E+00 186 | 8.3 15.8 5.8 18.0 3.8 3.8
3.16E-01 a7.5 | 6.7 13.2 13.2 16.1 1.1 11.1
1.00E-01 15.3 | 4.7 111 11.1 i4.0 9.3 9.3
3.16E-02 98 | 94 6.5 6.5 8.7 54 54
3.16E-03 34 | 30 2.8 2.8 2.9 2.7 2.7
3.16E-04 7 | 1.8 24 24 1.9 26 2.6
(.00E-04 e | 07 24 24 1.8 2.6 26
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Appendix A Tests

Resonant Column Stage

Torsional Shear Stage

Torsional Shear Stage

Boring B-405DH O.=87.3 psi First Cycle Tenth Cycle
Sampie UD13 - Go= 873 psi 0o =873 psi
Normalized | Damping Normalized | Damping Normalized | Damping
Sub-Stratum N Clay 1 Peak Sheair | Shear_ | Ratio | PeakShear | Shear | Ratic | PeakSheat | _Shear Ratio
rJModulusH e HModulusH . rJModl_JIusH .
Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%)
Depth = 294.7 feet (89.9 meters) 2.09E-04 1.00 155 4.31E-04 1.00 1.47, 4.16E-04 4.00 1.25
TotalUnitWeight = 120.3 pcf 3.98E-04 1.00 a.57, 8.23E-04 1.00 1.24 8.04E-04 1.00 d.33
Moisture Content = 29.0% 8.01E-04 1.00 a.74 2.00E-03 1.00 1.46 1.99E-03 1.00 1.61
Estimated In-Situ Ko = 0.5 1.56E-03 1.00 1.74 3.84E-03 1.00 1.68 4.01E-03 1.00 1.54
Estimated: 0’mean=_87.3 psi 3.07E-03 1.00 77 9.85E-03 1.60 4.75 9.88E-03 1.00 1.88
6.15E-03 1.00 1.93 2.02E-02 0.98 2.19 2.02E-02 0.98 223
d.17E-02 0.99 2.12
2.11E-02 0.98 2.46
3.93E-02 0.94 3.06
7.74E-02 0.87 3.85
(1.58E-01 0.75 4.89
- 3.55E-01 0.59 6.12
5.76E-01 0.50 7.18
8.46E-01 043 8.36
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Table 2.55.4-34A
Summary of RCTS Laboratory Test Results (Continued)
Appendix B Tests Resonant Column Stage Torsional Shear Stage orsional Shear Stage
Boring B-305DH 0. =78.6 psi First Cycle Tenth Cycle
Sample UD13 o, = 78.6 psi 0. =178.6 psi
_ N_grmalizrg_g Dampmg Ngrmalizl_e_d_ Dampmg I_d_grmaliz‘e_d Damplng
Stratum M Peak Shear __Shear___ Ratio Peak Shear, __Shear___ Ratio’ Peak Shear, __Shear___ Ratio’
Modulus (G/ . Modulus (G/ . Modulus (Gl .
Strain (%) Gmax) (%) Strain (%) Gmax) {%) Strain (%) . Gmax) (%)

Depth =265.5 feet (80.8 meters) 1.40E-04 1.00 0.95 2.58E-04 4.00 0.88 2.66E-04 1.00 0.78
fTotal Unit Weight = 116.0 pcf . 2.86E-04 .00 0.95 5.01E-04 .00 084 4.97E-04 1.00 0.94
Moisture Content = 19.2% 5.83E-04 1.00 0.96 9.62E-04 1.00 . 0.84 8.67E-04 1,00 1.04
Estimated in-Situ Ko = 0.5 d.15E-03 .00 0.97 1.91E-03 .00 0.83 1.94E-03 .00 0.75
Estimated 0'mean= 78.6 psi 2.25E-03 0.99 1.05 3.93E-03 4.60 0.88 3.96E-03 1.00 0.98

7.96E-03 0.96 124 2.05E-02 0.84 225 2.06E-02 0.85 2.07

143E-02 0.93 147, 3.79E-02 0.76 398 3.51E-02 0.79 204

2.54E-02 0.89 1.69

4.56E-02 0.82 215

8.12E-02 0.74 317

1.44E-01 '0.65 443

2.55E-01 0.58 6.38
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Resonant Column Stage

Torsional Shear Stage

Torsional Shear Stage

0,=314.3psi First Cycle Tenth Cycle
0, = 314.3 psi o, =314.3 psi
Normalized Damping Normalized Normalized Damping
PeakShear | _ Shear | Ratio PeakShear | _ Shear PeakShear | _ Shear | Ratic
Modulus (G/ . Modulus (G/ Modulus (G/ .
Strain (%) Gmax) (%) Strain (%) Gmax) ) Strain (%) Gmax) (%)

5.60E-05 1.00 0.7% 1.04E-03 1.00 0.41 1.04E-03 4.00 0.48
d.15E-04 1.00 0.75 2.03E-03 4.00 0:59 2.05E-03 {1.00 043
2.27E-04 1.00 0.75 6.65E-03 0.99 0.93 6.68E-03 1.00 077
4.49E-04 1.00 '0.83 8.92E-03 0.97 1.00 9.93E-03 0.98 21
9.22E-04 .00 0.90 1.34E-02 0.96 1.04 1.34E-02 0.96 a.26
3.52E-03 0.99 0.95
6.60E-03 0.98 4.01
1.20E-02 0.95 a.15
2.13E-02 0.92 1.30
3.74E-02 0.88 1.67
6.62E-02 0.81 2.01
{.14E-01 073 297,
1.59E-01 0.68 382
2.03E-01 0.65 4.31




RAI 02.05.02-19, Supplement 1

Table 2.5S.4-34A

U7-C-STP-NRC-090090

Attachment 1
Page 44 of 91

Summary of RCTS Laboratory Test Results (Continued)

Appendix C Tests Resonant Column Stage Torsional Shear Stage Torsional Shear Stage
Boring B405DH o= 106.1 psi First Cycle Tenth Cycle
Sample-UD16 0, = 106.1 psi 0, = 106.1 psi
_ _\ ﬂgrmalizrgq Qamp_ir;g‘v hl_grmalizrg_q Damp_irgg _ggrmalizr(ﬂ Qamgigg‘
Sub-Stratum:N Clay 2 Peak Shear, | = Shear Ratio Peak Shear, | _ Shear Ratio Peak Shear; | ' Shean Ratio
Modulus (G/ ﬁ Modulus (G/ - Modulus (G/ ___
Strain (%) Gmax) (%) Strain (%) Gmax) (%) Strain (%) Gmax) (%)

Depth:=358.5 feet (109.3 meters) 3.24E-04 a.00 2.45 1.11E-03 0.95 2.76 1.08E-03 0.98 473
Total Unit Weight - 116.3 pcf - 7.02E-04 a.00 2.50 2.15E-03 0.99 1.61 2.15E-03 0.99 1.36
Moisture Content = 29.5% 1.37E-03 1.00 2.61 4.25E-03 4.60 1.49 - 4.26E-03 .00 1.31
Estimated In-Situ K¢ = 0.5 2.73E-03 1.00 2.64 9.84E-03 0.99 1.80 9.87E-03 0.99 1.61
Estimated 0'mean= 106.1 psi 5.45E-03 a.00 2.74 2.00E-02 0.97, 202 2.00E-02 0.98 1.8

1.09E-02 0.99 2.82 4.19E-02 0.93 2.13 4.21E-02 0.93 2.10

2.14E-02 0.99 2.88

4.23E-02 0.97 2.98

8.27E-02 0.93 3.09

{1.64E-01 0.84 3.34

337E-01 0.71 434 g

7.07E-01 0.55 6.68

1-.46E+00 0.40 11.88
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Resonant Column Stage

Oo=424.4 psi

| Torsional Shear Stage

First Cycle
0o = 424.4 psi

Torsional Shear.Stage

fTenth Cycle
O, =424.4 psi

Normalized | Damping Normalized | Damping Normalized | Damping
PeakShear |  Shear_ | Ratic | PeakShear | Shear | Ratic | PeakSheat | Shear | Ratic
Modulus (G | Modulus (G | Modulus (G | =~
Strain (%) Gmax) (%) Strain (%) Gmax) (%) Strain (%) Gmax) (%)
1.84E-04 1.00 2.11 1.08E-03 0.99 1.00 1.11E-03 0.96 1.08
3.72E-04 4.00 21 2.16E-03 0.99 1.15 2.14E-03 1.00 0.98
7.63E-04 1.00 2.08 4.31E-03 0.99 0.98 4.29E-03 0.99 4.30
d.53E-03 | - 1.00 2.15 9.67E-03 1.00 1.56 9.67E-03 1.00 1.22
3.06E-03 1.00 2.15 1.95E-02 0.99 1.27 1.94E-02 d.00 1.26
6.12E-03 1.00 217, 3.11E-02 0.99 1.28 3.10E-02 0.99 1.34
1.22E-02 4.00 2.18
2.43E-02 0.99 2.26
{.75E-01 0.83 2.719
3.37E-01 0.69 413
4.98E-01 0.59 542
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Appendix D Tests Resonant Column Stage Torsional Shear Stage Torsional Shear Stage
Boring:B-405DH o= 129.4 psi First Cycle Tenth Cycle
Sample UD19 0, = 129.4 psi O, = 129.4 psi
. Normalized Dampir;g' Normalized | Damping Normalized | Damping
Sub-Stratum N Clay 4 Peak Shear | _Shear Ratio Peak Shear, _Shear, - Ratio Peak Shear, _Shear Ratio
. HModqusH - ﬂModqusH . HModulusH .
Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%)
Depth:=440.5 feet (134.3 meters) 1.01E-04 1.060 4.82 3.04E-04 0.98 0.91 3.97E-04 0.98 117
{Total Unit: Weight = 131.7 pcf 2.02E-04 1.00 4.96 9.61E-04 1.00 .08 9.84E-04 0.99 134
Moisture Content = 17.4% 3.93E-04 .00 5.09 1.99E-03 0.97 a.20 1.95E-03 1.00 1.06
Estimated In-Situ Ko.= 0.5 8.26E-04 4.00 5.09 4.06E-03 0.95 1.00 3.95E-03 0.99 1.21
Estimated 0"'mean= 129.4 psi 1.65E-03 1.00 5.16 9.59E-03 0.88 2.0% 9.56E-03 0.89 2.05
3.32E-03 0.98 5.28 2.15E-02 0.78 3.09 2.17E-02 0.79 3.04
6.68E-03 0.96 548 3.21E-02 0.72 4.02 3.26E-02 0.72 410
1.37E-02 0.91 562 ’
2.75E-02 0.84 6.17
6.54E-02 0.70 6.98
.73E-01 0.51 8.85
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Resonant Column Stage

0= 455.0 psi

Torsional Shear Stage

First Cycle
O = 455.0 psi

Torsional Shear Stage

Tenth Cycle
O, = 455.0 psi

Normalized

Damping

Normalized

Damping

Normalized

Damping

Peak Shear | .Shear .| Ratic | PeakShear | Shear | Ratic | PeakShear | _Shear Ratio
HMcdulusH . HModulusH . #Modulusa .

Strain (%) | (G/ Gmax) (%) Strain (%) | {G/ Gmax) (%) Strain (%) | (G/ Gmax) (%)

8.00E-06 a.00 237 3.62E-03 a.00 5.71 3.72E-03 a.00 6.20

A.60E-05 1.00 4.41 9.97E-03 0.91 5.85 9.68E-03 0.96 6.37,

3.00E-05 1.00 247

5.70E-05 4.00 462

d.15E-04 1.00 466

2.30E-04 1.00 479

4.60E-04 0.99 478

9.53E-04 0.99 473

1.91E-03 0.99 483

3.85E-03 0.98 485

7.74E-03 0.95 5.05

1.60E-02 090 5.49

3.54E-02 0.79 582

8.13E-02 0.65 7.10

~
-
i (=)
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Appendix E Tests Resonant Column Stage Torsional Shear Stage Torsional Shear Stage
Boring.B-305DH 0.= 1139 psi First Cycle Tenth Cycle
Sample UD18 0. =113.9 psi Oo=113.9 psi
Normalized Normalized Normalized Qﬁamgir}g‘
Sub-Stratum N Sand 2 Peak Shear _Shear, Peak Shear _Shear, Peak Shear, _Shear Ratio
fModqusH . HModqusH . HModqusH i
. Strain (%) (G/ Gmax) %) Strain (%) (G/ Gmax) b) Strain (%) (G/ Gmax) (%)
Depth = 387-5 feet (118.1 meters) J11E-04 1.00 0.37 7 07E-04 1.00 0.99 7.15E-04 1.00 1.04
| Total-Unit Weight = 128.8 pcf 2.26E-04 1.00 0.37 8.75E-04 1.00 115 8.85E-04 4.00 1.07,
Moaisture Content = 21.2% 4.43E-04 1.00 047 1.74E-03 1.00 0.88 1.76E-03 .00 0.63
Estimated in-Situ Kg = 0.5 8.98E-04 1.00 0.47 3.59E-03 0.98 1.07, 3.55E-03 1.00 1.13
Estimated 0'mean= 113.9 psi A.74E-03 0.99 0.55 7.53E-03 0.93 1.08 7.58E-03 0.93 1.08
3.28E-03 0.98 0.63 9.71E-03 0.90 .50 9.76E-03 0.91 i.46
5.92E-03 0.97 0.78 ‘
1.04E-02 0.94 0.86
1.81E-02 0.92 0.99
3.09E-02 0.86 1.25
5.21E-02 0.80 1.85
9.01E-02 0.70 2.90
(.58E-01 0.61 4.28
2.82E-01) 0.50 5.30
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Resonant Column Stage

Go=455.0 psi

Torsional Shear Stage

First Cycle
O, = 455.0 psi

Torsional Shear Stage
Tenth Cycle

O, = 455.0 psi

ﬂgrmalizrgg_ Normalized Qamp-ir;g' _hLonnaling gam;!ir;g'
Peak Shear _Shear, Peak Shear _Shear, Ratio Peak Shear, _Sheay Ratio
HModqusH HModqusH . HModulusH .
Strain (%) (G/ Gmax) Strain (%) (G/ Gmax) (%) Strain (%) {(G/ Gmax) (%
4.80E-05 1.00 0.22 9.10E-04 .00 .51 9.20E-04 0.96
B.80E-05 1.00 043 1.82E-03 ) 054 181E-03 1.00
T-79E-04 160 039 3.58E-03 100 0.85 352E03 a.00
3.57E-04 1.00 0.30
7.28E-04 100 040
1.41E-03 0.99 0.50
2.68E-03 0.98 0.54
5.02E-03 0.97 057
927603 036 057
2.56E-02 0.92 079
424602 0.88 088
6.77E-02 0.80 1.60
T.05E-01 0.72 2.20
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Table 2.5S.4-34A
Summary of RCTS Laboratory Test Results (Continued)
Appendix F Tests Resonant Column Stage Torsionai Shear Stage Torsional Shear Stage
Boring B-305DH ‘ 0o =172.7 psi First Cycle Tenth Cycie
Sample UD25 o, =172.7 psi 0o = 172.7 psi
__ | Normalized _D_amgirrlg‘ Normalized Qamging - | Normalized p_ﬁam;!ir;g’
Sub-Stratum N Clay 6 Peak Shear, _Shear, Ratio Peak Shear _Shear, Ratio Peak Shear; _Shear, Ratio
_Modulus_ . _Modulus_ . Modulus_ i

Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%)
Depth.= 590.5 feet (180.0 meters) | 7.10E-05 1.00 5.04 . 9.,58E-04 1.00 1.55 9.57E-04 a.00 1.36
Total Unit Weight = 128.8 pcf 1.37E-04 .00 299 1.74E-03 1.00 1.50 1.76E-03 a.00 146
Moisture Content = 20.6% 2.67E-04 .00 5.04 3.43E-03 a.00 - 1.83 3.52E-03 1.00 1.85
Estimated In-Situ Ko = 0.5 . 5.54E-04 1.00 5.05 9.94E-03 a.00 2.36 1.00E-02 0.98 217,
Estimated 0'mean= 172.7 psi 1.08E-03 a.00 512 2.08E-02 0.96 2.94 2.09E-02 0.94 3.17,

2.17E-03 1.00 5.15 4.47E-02 0.85 3.17 452E-02 0.84 3.30

4.34E-03 1.00 523

8.66E-03 0.99 5.46

1.82E-02 098 561

3.89E-02 083 6.12

8.56E-02 0.83 6.69

2.03E-01 0.66 7.60

3.49E-01 0.54 10.22

)
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Resonant Column Stage

Torsional Shear Stage

Torsional Shear Stage

.= 455.0 psi First Cycle Tenth Cycle
O, = 455.0 psi 0, = 455.0 psi .
Normalized | Damping Normalized | Damping Normalized | Damping
Peak Shear _Shear, Ratio Peak Shear; _Shear, Ratio Peak Shear _Shear Ratio
HModL_llusH . ,,MOdUlUSH ’___‘ FModqusH .
Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%)
260E-05 1.00 472 1.04E-03 1.00 140 1.03E-03 .00 1.59
5.20E-05 1.00 4.69 2.01E-03 1.00 1.80 2.04E-03 1.00 1.80
1.03E-04 .00 4.72 4.06E-03 1.00 1.47 4.08E-03 .00 1.55
2.02E-04 1.00 472 9.41E-03 0.99 1.63 9.30E-03 1.00 1.65
3.97E-04 1.00 472 1.93E-02 0.97 179 1.93E-02 0.98 a.78
9.85E-04 .00 4.79 :
4.29E-03 1.00 4.90
9.75€E-03 0.99 5.13
2.09E-02 0.97 5.38
4.47E-02 0.91 563
1.01E-01 0.80 6.27,
2.39E-01 0.62 7.71
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Appendix G Tests
Boring B-405DH
Sample UD4

Resonant Column Stage

Oo=26.4 psi

Torsional Shear Stage

First Cycle
T, = 26.4 psi

Torsional Shear Stage

fTenth Cycle

O, =26.4 psi .

Normalized Normalized Normalized _Qamgirgg’
Stratum F, Peak Shear, _Shear Peak Shear, _Shear, Peak Shear, _Shear Ratio
HModqusH . ﬂModqusH . ﬁModulusH .
Strain (%) (G/ Gmax) %) Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%
Depth = 85.0 feet (25.9 meters) 8.90E-05 1.00 2.37, 2.22E-03 1.00 1.04 2.27E-03 1.00 0.82
Total.Unit Weight = 131.0 pcf 1.58E-04 1.00 2.39 2.21E-03 1.00 1.19 4.39E-03 1.00 1.09
Moisture Content = 22.6% 3.21E-04 4.00 2.38 1.06E-02 1.00 132 1.06E-02 1.00 1.62
Estimated In-Situ Ko = 0.5 6.42E-04 1.00 2.44 2.20E-02 0.97 1.81 2.22E-02 0.99 a.72
Estimated 0"mean= 26.4 psi - 1.25E-03 4.00 2.43 4 .60E-02 0.87 262 4.66E-02 0.88 2.65
2.55E-03 0.99 2.45
5.06E-03 0.99 2.41
1.01E-02 0.98 245
2.00E-02 0.97 2.58
3.93E-02 0.93 2.75
7.61E-02 0.87 355
{1.44E-01 0.76 4.44
2.81E-01 0.58 6.95

[.

[.




RATI02.05.02-19, Supplement 1

U7-C-STP-NRC-090090

Attachment 1
Page 53 of 91

Resonant Column Stage

©0.= 1056 psi

Torsional Shear Stage

First Cycle
O = 105.6 psi

Torsional Shear Stage

{Tenth Cycle
e —

oo = 105.6 psi

Normalized
No| zed

Damping

Normalized

Peak Shear | _Shear Peak Shear, Ratic | PeakSheat | Shear | Ratic
_Modulus_ . . | Modulus .
Strain (%) (G/ Gmax) (%) Strain (%) (%) Strain (%) (G/ Gmax) (%
1.63E-04 .00 1.87 2.04E-03 1.00 "0.89 2.05E-03 1.00 0.92
253E-04 1.00 1.89 4.06E-03 4.00 0.92 4.09E-03 1.00 4.02
3.85E-04 .00 1.90 1.04E-02 0.98 4.17 1.03E-02 0.99 1.26
7.52E-04 1.00 1.95 214E-02 0.95 1.47 2. 15E-02 0.95 1.38
d.40E-03 d.00 1.93 4.83E-02 0.84 2.47 4.89E-02 0.84 252
2.72E-03 1.00 2.01
527E-03 a.00 2.03
1.08E-02 0.99 2.04
2.15E-02 0.98 2.11
4.26E-02 0.93 2.26
8.56E-02 0.85 2.84
1.74E-01 0.73 343
5.60E-01 0.49 6.48

Damping
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Table 2.5S5.4-34A
, Summary of RCTS Laboratory Test Results (Continued)
Appendix.H Tests Resonant Column Stage Torsional Shear Stage Torsional Shear Stage
Boring B-405DH 9, =51.0psi First Cycle Tenth Cycle
Sample UDS o, = 51.0 psi O, = 51.0 psi
Normalized | Damping Normalized | Damping | Normalized | Damping
Sub-Stratum J Clay 2 Peak Shear, _Shear_ | Ratio Peak Shear, _Shear, Ratio Peak Shear, _Shear, Ratio
Modulus Modulus Modulus

and sand/silt Strain (%) | (G/Gmax) | (%) Strain (%) | (G/Gmax) | (&) Strain (%) | (G/Gmax] | ()
Depth = 170.0 feet (51.8 meters) | 4.59E-04 1.00 0.73 7.04E-04 1.00 0.55 7.10E-04 1.00 0.63
iTotal Unit Weight = 124.4 pcf 9.74E-04 1.00 0.73 1.06E-03 1.00 0.60 - 4.07E-03 a.00 0.69
Moisture Content = 22.9% {.76E-03 1.00 073 2.14E-03 0.99 0.85 2.15E-03 0.99 0.68
Estimated In-Situ Ko = 0.5 3.34E-03 0.98 0.77 4.39E-03 0.96 1.33 4.36E-03 0.98 113
Estimated 0'mean= 51.0 psi 5.97E-03 0.97, 0.76 9.79E-03 0.86 1.76 9.80E-03 0.87, 2.02

1.04E-02 0.94 0.92 2.19E-02 0.77, 3.01 2.20E-02 0.78 2.87

1.75E-02 0.91 1.07 4.89E-02 0.66 4.65 4.87E-02 0.67 4.47

2.84E-02 0.86 1.32

(.69E-01 0.62 4.68

3.03E-01 0.53 724
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Resonant Column Stage

U0 = 204.0 psi

Torsional Shear Stage

First Cycie

O, = 204.0 psi

Torsional Shear Stage

Tenth Cycle

O = 204.0 psi

N_ormaliz{gg Qampigg‘ Normalized gamging N_gmalizrgg Qamgirgg‘
Peak Shear, _Shear Ratio Peak Shear, _Shear Ratio Peak Shear _Shear, Ratio
HModulusH . Modulus . HModqusH .
Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%)
1.76E-04 1.00 0.60 5 56E-04 1.00 0.55 5.63E-04 1.00 0.59
3.46E-04 1.00 0.63 1.03E-03 1.00 0.41 1.02E-03 1.00 0.58
7.12E-04 .00 064 2.06E-03 1.00 0.53 2.07E-03 1.00 0.65
1.39E-03 1.00 064 4.19E-03 0.98 0.59 4.22E-03 0.97 0.47
2.65E-03 1.00 064 1.00E-02 0.95 1.07, 1.01E-02 0.95 1.07
4.87E-03 0.98 0.63 1.79E-02 0.92 1.51 1.79E-02 0.92 1.53
8.71E-03 0.97 0.71 '
{-59E-02 0.93 0.82
2.69E-02 0.90 0.98
4.65E-02 0.84 1.23
7.99E-02 0.78 4.74
1.38E-01 0.69 248
2.28E-01 0.61 3.83

[.
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Table 2.55.4-34A
Summary of RCTS Laboratory Test Results (Continued)
Appendix | Tests Resonant Column Stage Torsional Shear Stage Torsional Shear Stage
Boring.B-305DH Oo.=58.2 psi First Cycle Tenth Cycie
Sample UD10 o, = 58.2 psi s O, = 58.2 psi
_ _ Normalized Qﬁamgirl!g' Normalized gamgir}g' | Normalized Qamging
Sub:Stratum.J.Clay 2 Peak Shear, _Shear, Ratio Peak Sheay _Shear Ratio Peak Shear; _Shear, Ratio
rJMo,dqusH . _Modulus_ e Modulus_ r__ﬂ

Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%)
Depth =195.0 feet (59.4 meters) | 3.50E-04 1.00 1.25 1.03E-03 1.00 0.76 9.80E-04 1.00 0.84
Total Unit Weight = 120.0 pcf 6.71E-04 1.00 .21 1.96E-03 1.00 0.39 1.95E-03 1.00 078
Moisture Content = 27.9% 1.28E-03 1.00 122 3.89E-03 1.00 0.72 3.87E-03 1.00 0.84
Estimated In-Situ Ko = 0.5 2.52E-03 1.00 a2 9.56E-03 1.00 0.84 9.50E-03 .00 0.92
Estimated G'mean = 58.2 psi 5.07E-03 .00 113 1.98E-02 1.00 0.92 1.97E-02 0.98 0.95

1.02E-02 4.00 1.18

1.94E-02 1.00 1.26

5.06E-02 0.96 1.57, -

9.69E-02 0.90 2.04

(.63E-01 0.79 3.25

2.76E-01 0.70 545
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Resonant Column Stage Torsional Shear Stage Torsional Shear Stage
0.=233.0 psi First Cycle Tenth Cycle
0, = 233.0 psi 0. =2330 psi
Normalized Qamp_ir;g' Normalized Qamgigg Normalized Qamqigg
Peak Shear, _Shear, Ratio Peak Shear _Shear Ratio Peak Shear, _Shear_ Ratio
’;ModulusH . ﬂModqusH . HModulusH .
Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%)
2.33E-04 1.00 1.03 | 2.08E-03 .00 0.72 2.00E-03 (.00 0.68
4.76E-04 1.00 1.05 4.02E-03 .00 0.71 4.01E-03 1.00 0.77
9.48E-04 1.00 1.09 1.00E-02 1.00 0.88 1.00E-02 .00 0.74
1.88E-03 1.00 1.07 2.03E-02 ~ 1.00 0.84 2.03E-02 0.99 0.88
1.07E-01 0.89 1.61
1.85E-01 079 249
3.03E-01 069 3.97
7 A5E-01 0.47, 765
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Table 2.5S.4-34A
Summary of RCTS Laboratory Test Results (Continued)
Appendix J Tests Resonant Column Stage Torsional Shear Stage Torsional Shear Stage
Boring:B-405DH 0.=52psi First Cycle Tenth Cycle
Sample UD1 0, =5.2 psi 0.=52psi .
Normalized | Damping Normalized | Damping Normalized | Damping
Stratum A Peak Shear |  Sheai | Ratic | PeakShear |  Sheaf | Ratic | PeakShear | Shear | Ratio
Modulus (G/ . '| Modulus (G/ . _Modulus_ .

Strain (%) Gmax) (%) Strain (%) Gmax) (%) Strain (%) (G/ Gmax) (%)
Depth =.11.8 feet (3.4 meters) 4.88E-04 1.00 2.31 9.24E-04 1.00 142 9.13E-04 1.00 1.44
Total Unit Weight = 117.9 pcf "9.37E-04 1.00 232 3.75E-03 1.00 a.41 3.72E-03 1.00 1.68
Moisture Content = 28.2% 1.69E-03 1.00 233 9.75E-03 a.00 1.50 9.73E-03 0.99 1.68
Estimated In-Situ K, = 0.5 3.36E-03 0.99 2.34
Estimated.g"mean = 5.2 psi 6.76E:03 0.99 2.33

1.33E-02 0.99 2.39

2.66E-02 0.98 250

5.24E-02 095 275

1.04E-01 0.78 3.09

2.36E-01 062 4.29

5.93E-01 045 5.57,
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Resonant Column Stage

0o.=20.9 psi

Torsional Shear Stage

First Cycle
Oo = 20.9 psi

Torsional Shear.Stage

Tenth Cycle

0o =20.9 psi__

Normalized _Qamqi?_g' Normalized Qamgir‘!g‘ Normalized Qamp.ir;g'
Peak Shear, |  Shear Ratio Peak Shear |  Shear Ratio Peak Shear, _Shear, Ratio
Mdulus ‘(g . Mgdulus gg . ﬂModqusH .
Strain (%) Gmax) (%) Strain (%) Gmax) (%) Strain (%) (G/ Gmax) (%)
3.21E-04 1.00 2.10 4.49E-04 1.00 0.93 4.26E-04 1.00 0.91
6.47E-04 1.00 210 1.01E-03 1.00 1.03 1.00E-03 1.00 0.97
1.28E-03 a.00 211 2.03E-03 4.00 4.13 4.97E-03 1.00 1.18
2.55E-03 4.00 2.16 1.00E-02 1.00 a.24 {1.00E-02 1.00 1.30
5.10E-03 1.00 2.20
1.03E-02 - .00 2.23
2.03E-02 1.00 2.26
4.06E-02 0.97 2.28
7.87E-02 0.92 2.51
1.56E-01 0.83 . 2.88
3.22E-01 0.68 3.49

[.

[.
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Table 2.55.4-34A
Summary of RCTS Laboratory Test Results (Continued)
AppendixK Tests Resonant Column Stage Torsional Shear Stage Torsional Shear Stage
Boring;B-405DH 0o.= 167.0 psi First Cycle Tenth Cycle
Sample UD24 0, = 167.0 psi 0, = 167.0 psi
- Normalized | Damping Normalized | Damping Normalized | Damping
Sub-Stratum:N Clay 6 Peak Shear _Shear, Ratio Peak Shear, _Shear Ratio Peak Shear; _Shear, Ratio
_Modulus_ . _Modulus_ . Modulus_ }——.
Strain (%) (G/ Gmax) (%) Strain (%) | (G/ Gmax) (%) Strain (%) (G/ Gmax) (%)
Depth.=.569.2 feet (1735 meters) | 1.71E-04 100 243 9.99E-04 7.00 114 1.02E-03 1.00 1.08
Total-Unit Weight = 122.1 pcf 3.22E-04 1.00 2.44 2.00E-03 1.00 1.06 2.00E-03 1.00 a4
Moisture Content = 27.2% B.16E-04 .00 252 4.02E-03 H.00 a.14 4.00E-03 1.00 .19
Estimated In-Situ Ko = 0.5 1.26E-03 4.00 258 9.90E-03 0.98 .37 9.91E-03 0.98 1.41
Estimated O'mean = 167.0 psi 2.47E-03 4.00 2.56 2.06E-02 0.94 1.60 2.07E-02 0.94 1.65
{.45E-01 0.78 4.05
3.05E-01 0.67 5.10
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Appendix L Tests

Boring.B405DH
Sample UD10

Resonant Column Stage

©.=67.0 psi

Torsional Shear Stage

First Cycle
0o = 67.0 psi

Torsional Shear Stage

Tenth Cycle
O, = 67.0 psi

. ____ | Normalized | Damping Normalized | Damping Normalized | Damping
Sub-Stratum K Clay, Peak Shear _Shear, Ratio Peak Shear Shear Ratio Peak Shear _Shear, Ratio
Modulus . ‘ Modulus . Modulus_ .
Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%)
Depth’=.224.0 feet (68.3 meters) 3.14E-04 1.00 1.54 7.42E-04 1.00 0.97, 7.49E-04 1.00 1.07
Total Unit Weight = 114.9 pcf 6.75E-04 4.00 1.54 9.80E-04 .00 4.05 9.75E-04 1.00 1.21
Moisture Content = 34.5% 1.32E-03 1.00 1.54 1.96E-03 .00 4.01 d.94E-03 1.00 1.06
Estimated In-Situ Ko = 0.5 2.61E-03 1.00 1.62 3.90E-03 .00 a2 3.91E-03 a.00 a1
Estimated 6'mean.= 67.0 psi 522E-03 1.00 1.70 1.02E-02 1.00 1.52 1.02E-02 1.00 1.42
1.04E-02 1.00 1.81 '
2.08E-02 0.99 1.85
© 4.00E-02 0.98 2.03
7A7E-02 0.94 2.27
9.07E-02 0.91 2.44
1.85E-01 0.81 347
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Resonant Column Stage Torsional Shear Stage Torsional Shear Stage
0= 267.0 psi First Cycle Tenth Cycle
Normalized I_anmp-ir;g' ﬂgnnalizrg_d Qamgigg Normalized Qamgirgg‘
Peak Shear, _Shear, Ratio Peak Shear, _Shear, Ratio Peak Shear, _Shear, Ratio
Modulus_ . _Modulus_ . Modulus_ .
Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%)

1.82E-04 1.00 1.33 1.01E-03 .00 1.38 9.78E-04 1.00 1.39

3.27E-04 1.00 133 2.02E-03 1.00 a.19 2.00E-03 4.00 1.43

6.00E-04 4.00 - 4.33 4.00E-03 1.00 1.34 3.99E-03 4.00 - 4.55

1.08E-03 1.00 1.33 1.02E-02 0.98 4.29 1.02E-02 0.97 1.34
2.20E-03 d.00 1.37
4.34E-03 1.00 1.40
8.67E-03 4.00 1.45
1.72E-02 1.00 1.49
3.35E-02 0.98 1.59
6.13E-02 0.95 1.68
1.06E-01 0.89 2.07,
1.79E-01" 0.78 2.63
3.17E-01 0.66 375
4.86E-01 0.55 5.69
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Appendix M Tests
Boring.B405DH
Sample UD6

Resonant Column Stage

Torsional Shear Stage

Torsional Shear Stage

Oo=39.0 psi First Cycle Tenth Cycle
O = 39.0 psi O, = 39.0 psi

Normalized Normalized Normalized | Damping
Sub-Stratum J Clay 1 Peak Sheat | Shear Peak Sheat | Shear Peak Shear | Shear_ | Ratio
HModqusH Modulus_ . Modulus_ .
Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%
Depth = 127.0 feet (38.7 meters) 2.30E-04 1.00 1.62 1.03E-03 1.00 4.08 d.03E-03 4.00 1.16
{Total Unit Weight = 121.8 pcf 4.50E-04 1.00 1.67 2.03E-03 .00 1.16 2.03E-03 a.00 a.12
Moisture Content = 27.2% 9.69E-04 4.00 1.67, 4.07E-03 1.00 1.26 4.08E-03 1.00 4.27,
Estimated In-Situ Ko = 0.5 1.95E-03 1.00 .71 1.05E-02 0.98 1.26 1.05E-02 0.98 1.36
Estimated 0'riean = 39.0 psi 3.92E-03 1.00 1.69 '
8.01E-03 1.00 a.78
1.62E-02 0.98 1.86
3.15E-02 0.97 2.03
5.99E-02 0.93 2.36
{11E-01 0.85 2.67,
2.11E-01 073 3.53
4.59E-01 0.55 5.85
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Resonant Column Stage {Torsional Shear Stage Torsional Shear Stage
00 =267.0 psi First Cycle Tenth Cycle
0o = 267.0 psi O = 267.0 psi
Normalized | Damping Normalized | Damping » Normalized | Damping
Peak Shear _Shear, Ratio Peak Shear _Shear, Ratio Peak Shear, _Shear, Ratio
_Modulus_ . Modulus_ . Modulus_ .
Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%)
9.20E-05 4.00 147, 1.01E-03 1.00 0.67, 1.01E-03 1.60 0.73
1-79E-04 1.00 1.47 2.03E-03 1.00 0.73 2.02E-03 1.00 067
3.69E-04 1.00 1.47 4.02E-03 1.00 0.72 4.01E-03 a.00 0.70
7.64E-04 .00 147 1.01E-02 1.00 0.71 1.01E-02 .00 0.68
1.52E-03 1.00 1.46 2.05E-02 0.98 0.84 2.05E-02 0.98 084
3.06E-03 .00 1.50 3.53E-02 0.96 1.20 3.52E-02 0.95 1.21
6.11E-03 1.00 1.52
1.23E-02 0.99 1.54
2.39E-02 0.98 1.63
4 53E-02 0.95 1.71
8.21E-02 0.89 1.97
.51E-01 079 250
2.69E-01 0.69 3.49
5.26E-01 0.53 6.35
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Appendix N Tests Resonant Column Stage Torsional Shear Stage Torsional Shear Stage
Boring B-306 0= 24.0 psi First Cycle [Tenth Cycle
Sample'UD3 O, = 24.0 psi O, = 24.0 psi
Normalized _anmgir;g' Normalized Qam;!ir;g' Normalized Qaingg
Stratum-E Peak Shear _Shear, Ratio Peak Shear, Shear; Ratio Peak Shear, _Shear, Ratio
HM'odv.g‘lusH . Modulus . fModqusH .
Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%)
Depthi=.75.0 feet (22.9 meters) 5.91E-04 1.00 1.08 3.61E-04 .00 0.38 3.70E-04 .00 0.38
otal Unit Weight= 1326 pcf | {1.21E-03 d.00 1.08 7.00E-04 4.00 0.39 7.05E-04 1.00 0.41
Moisture Content = 24.7% 2.30E-03 1.00 1.06 d.02E-03 1.00 0.42 A.01E-03 a.00 047,
Estimated In-Situ Ko = 0.5 4.35E-03 0.99 4.06 2.04E-03 1.00 0.57, 2.05E-03 1.00 063
Estimated 0'mean =.24.0 psi 7.86E-03 0.97, a.14 4.12E-03 0.99 0.94 4.14E-03 0.99 0.69
1.55E-02 0.92 1.28 1.01E-02 0.92 1.40 1.01E-02 0.93 1.24
2.56E-02 0.90 1.46
4.04E-02 0.85 1.82
5.90E-02 0.80 2.57,
9.70E-02 073 3.66
{1.69E-01 0.65 5.9

[.

[.
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Resonant Column Stage Torsional Shear Stage Torsional Shear Stage
0o.=94.0 psi First Cycle Tenth Cycle
0, = 94.0 psi O, = 94.0 psi
Normalized | Damping Normalized | Damping Normalized | Damping
Peak Shear _Shear, -Ratio Peak Shear _Shear Ratio Peak Shear; _Shear, Ratio
HModulusH L _Modulus_ o - Modulus_ .

Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%)
1.85E-04 1.00 0.80 3.30E-04 4.00 0.64 3.25E-04 1.00 0.46
3.63E-04 .00 0.84 6.37E-04 1.00 0.49 6.37E-04 1.00 0.49
7.45E-04 .00 0.84 9.82E-04 1.00 0.50 9.87E-04 4.00 049
1.47E-03 1.00 0.80 2.01E-03 a.00 073 1.99E-03 1.00 0.68
2.86E-03 0.99 0.80 4.05E-03 0.99 0.86 4.03E-03 0.99 0.90
5.33E-03 0.98 0.87 1.01E-02 0.95 1.08 1.01E-02 0.95 0.96
9.79E-03 0.96 0.92
1.70E-02 0.94 1.09
2.94E-02 0.90 1.32
4.97E-02 0.86 1.68
8.53E-02 079 2.24
2.20E-01 0.64 494
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Table 2.5S5.4-34A
Summary of RCTS Laboratory Test Results (Continued)
Appendix O Tests Resonant Column Stage Torsional Shear Stage Torsional Shear Stage
Sample UD21 : 0, = 133.8 psi Os = 133.8 psi .
_ _______ | Normalized | Damping | | Normalized | Damping Normalized | Damping

Sub-Stratum.N Sand 4 Peak Shear _Shear Ratio Peak Shear _Shear, Ratio Peak Shear, _Shear, Ratio

I HModqusH . e HModqusH . I HModqusH .

Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%)
Depth = 455.2 feet (138.7 meters) 1.38E-04 1.00 0.18 4.87E-04 .00 0.12 4.81E-04 1.00 0.12
Total.Unit Weight = 1292 pcf 2.68E-04 1.00 0.16 9.65E-04 1.00 0.09 9.64E-04 a.00 0.10
Moisture Content = 18.8% 5.26E-04 1.00 0.16 1.46E-03 0.99 0.11 1.46E-03 0.99 0.14
Estimated In-Situ Ko = 0.5 1.01E-03 1.00 0.16 '
Estimated O'riean = 133.8 psi 2.02E-03 0.99 0.19

3.81E-03 0.99 0.21

6.50E-03 0.98 0.26

1.13E-02 0.97 0.36

1.86E-02 0.95 0.49

2.91E-02 0.91 0.74

4.58E-02 0.86 1.15

6.71E-02 0.82 170

1.34E-01 0.73 340
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Resonant Column Stage

0o = 260.0 psi

Torsional Shear Stage

First Cycle

O, = 260.0 psi

Torsional Shear Stage

Tenth Cycle

O, = 260.0 psi

Normalized ﬂgrmaliz{_e_d _Ilainv_g
Peak Shear, _Shear, Peak Shear, Peak Shear; _Shear, Ratio
Modulus_ . _Modulus_ r___‘
Strain (%) (G/ Gmax) Strain (%) ) Strain (%) (G/ Gmax) (%)
9.34E-05 1.00 544E-04 - .01 0.13 5.40E-04 1.00 0.11
1.90E-04 1.00 1.09E-03 1.00 0.09 1.09E-03 1.00 0.09
3.78E-04 7.00 2.19E-03 1.00 0.10. 2.19E-03 7.00 0.10
7.38E-04 1.00 3.30E-03 1.00 0.16 3.30E-03 1:00 0.15
1.45E-03 1.00 4.75E-03 1.00 0.19 4.72E-03 1.00 0.19
2.78E-03 0.99
4.87E-03 0.99
9.46E-03 0.98
1.65E-02 0.97
2.61E-02 0.94
4.25E-02 0.92
6.46E-02 0.88
9.70E-02 0.81
1.31E-01 0.76
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Table 2.55.4-34A
Summary of RCTS Laboratory Test Results (Continued)
Appendix P.Tests Resonant Column Stage Torsional Shear Stage Torsional Shear Stage
Boring B-306 - G.=322psi First Cycle Tenth Cycle
Sample UD6 0, =322 psi ' 0, = 32.2 psi
o Normalized Qﬂamgiri]g' _____ | Normalized Qamqirgg’ Normalized Damping
Stratum H Peak Shear, _Shear Ratio Peak Shear, _Shear, Ratio Peak Shear _Shear, Ratio
ﬂMoququ e ,MOdUlUSH o fModu’IusH .
Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%)
Depth =104 7 feet (31.9 meters) 2.49E-04 1.01 0.35 2.67E-04 1.00 0.26 271E-04 1.00 0.18
Total Unit Weight = 120:6 pcf 4.89E-04 4.00 0.29 5.41E-04 4.00 0.20 5.30E-04 0.99 0:21
Moisture Content = 19.3% |1 9.37E-04 0.99 0.32 1.09E-03 0.99 024 T.09E-03 0.99 0.21
Estimated In-Situ Ko = 0.5 a.76E-03 0.99 0.28 2.04E-03 0.98 0.47 2.06E-03 0.97 0.49
Estimated 0'mean = 32.2 psi 3.23E-03 0.97 0.37 4.20E-03 0.97 0.77 4.21E-03 0.96 0.62
5.93E-03 0.96 0.51 1.04E-02 0.92 1.63 1.05E-02 0.91 1.26
9.74E-03 0.93 072 2.05E-02 085 3.07 2.05E-02 0.85 2.29
1.64E-02 0.89 0.96
4.07E-02 0.75 2.03
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Resonant Column Stage ’ Torsional Shear Stage Torsional Shear Stage
0.=1280psi , First Cycle Tenth Cycle
0, = 128.0 psi 0. =128.0 psi
Normalized | Damping Normalized | Damping || Normalized | Damping
Peak Shear, _Shear, Ratio || Peak Shear, _Shear Ratio Peak Shear _Shear, Ratio
: Modulus_ . Modulus_ r_ ‘ Modulus_ o

Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%) Strain (%) (G/ Gmax) (%)
9.41E-05 1.00 0.15 2.69E-04 1.00 0.12 2.64E-04 1.00 012
1.68E-04 1.00 0.24 5.07E-04 1.00 0.20 513E-04 |~ . 1.00 0.27,
3.21E-04 1.00 0.15 1.03E-03 0.98 0.18 1.03E-03 0.99 0.15
6.22E-04 1.00 0.22 J.96E-03 0.98 0.22 1.96E-03 0.99 0.22
4.17E-03 0.99 0.17 3.95E-03 0.97 043 '3.95E-03 0.98 0.37
2.24E-03 0.99 0.22 8.68E-03 0.94 0.78 8.67E-03 0.95 0.64
4.23E-03 0.98 0.30 :
7.23E-03 0.96 0.36
2.22E-02 0.91 0.69
3.54E-02 0.86 0.99
5.53E-02 0.80 1.40
7.99E-02 074 215
1.16E-01 0.68 3.09
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Table 2.55.4-34B G/Gp.x vs. Strain Based on RCTS Results

‘Strain| Sand at Sand at ;Clay,' '\Clay; Silt
_with_ | _with_
% 2100 ft _ < 100 ft depth PI230 | PI<30 |
depth
(EPRI ~ (EPRI250 ft - 500 ft) _ (v&o | (vaD_| (EPRL
500 ft!. _PI_ | PL=50} | PL=50]
1000 ft) £100)
) :.G_lgmax
1.00E+00 0.2 0.15 036 | 025 | 0.4
0.316 0.4 0.33 0.62 046 | 0.32
1.00E-01 0.65 , 0.57, | 082 0.67, 0.58
0:0316 0.86 0.8 0.93 0.85 0.81
1.00E-02 0.95 0.94 0.98 0.96 0.95
0.00316 ] . 0.99 ' i i 1
1:00E-03 a ' i i d a
0.000316 il a il hl il
1.00E-04 il il g i a
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Table 2.5S.4-34c — Damping Ratio vs. Strain Based on RCTS Results

Strain/ Sand Clay with Low PI Clay and Silt
% PI=30
(EPRI500 #-1000%) | {VD, PI (Hybrid)
: = 200)
Damping Ratio (%)
1.00E+00Q 16.66 8.08 15.72
0.316 10.70 4.86 10.96
1.00E-01| 5.64 3.09 6.61
0.0316 2.67, 2.22 3.54
1.00E-02 1.30 1.65 2.03
0.00316 0.83 1.33 1.33
1.00E-03 0.67, 1.09 1.09
0.000316 0.60 1.09 1.09
1.00E-04 0.60 1.09 1.09
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This figure replaces the existing Figure 2.5S.4-40 in COLA Rev 2.
Shear Wave Velocity (Vs) (feet/second)
0 500 1000 1500 2000 2500 3000 3500
30 i
20 19 —8—-B-3020H |
10 -
- o —8—B-305DH
. e
0 §
°
——
10 —@-B-308DH | |
-20 = o
G0 o B-319DH
30 o L
40 = —4—B328DH | |
-50
- ~@—C-305S
60 F T i
e _:% "‘\.
% -0 —@—C-306S |
]
~ - =—.
% 0 ° : ——C-307S
§ 44 o
w




RAI 02.05.02-19, Supplement 1

This figure replaces the existing Figure 2.5S.4-41 in COLA Rev 2.
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This figure replaces the existing Figure 2.5S.4-43 in COLA Rev 2.
Shear Wave Velocity (V;) (feet/second)
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This figure replaces the existing Figure 2.5S.4-44 in COLA Rev 2.
Shear Wave Velocity (V) (feet/second)
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This figure replaces the existing Figure 2.5S.4-45 in COLA Rev 2.
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This figure replaces the existing Figure 2.5S.4-46 in COLA Rev 2.
Shear Wave Velocity (V;) (feet/second)
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This figure replaces the existing Figure 2.55.4-47 in COLA Rev 2.
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This figure replaces the existing Figure 2.55.4-57 in COLA Rev 2.
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This figure replaces the existing Figure 2.55.4-58 in COLA Rev 2.
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This figure replaces the existing Figure 2.5S.4-59 in COLA Rev 2.
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Figure 2.5S.4-59 Selected Shear Modulus Degradation Curves for Cohesive Soil Strata
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This figure replaces the existing Figure 2.5S.4-60 in COLA Rev 2.

Damping Ratio (%)

- B (30 Feet)

— G (45 Feet)

~————E (85 Feet)

e (120 Feet)

——J Sand (170
Feet)

———K Sand/ Silt &
M (250 Feet)

——N (500 Feet)

— Peninsular
(<50 Feet)

= ==Peninsular

(>50 Feet)

1.E-04

1E-03 1E-02 1E-01 1.E+00
Cyclic Shear Strain (%)

Figure 2.5S.4-60 Selected Damping Ratio Curves for Cohesionless Soil Strata

U7-C-STP-NRC-090090

Attachment 1
Page 83 of 91



RAI 02.05.02-19, Supplement 1 U7-C-STP-NRC-090090
Attachment 1

Page 84 of 91

This figure replaces the existing Figure 2.5S5.4-61 in COLA Rev 2.
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This is a new figure and replaces the existing Figure 2.5S.4-62 in COLA Rev 2.
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Figure 2.55.4-62 Shear Modulus Degradation Based on RCTS Testing — All Sand Samples
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This is a new figure and replaces the existing Figure 2.5S.4-63 in COLA Rev 2.
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Figure 2.5S.4-63 Shear Modulus Degradation Based on RCTS Testing — Deep Sand Samples
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This is a new figure and replaces the existing Figure 2.5S.4-64 in COLA Rev 2.
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Figure 2.5S.4-64 Shear Modulus Degradation Based on RCTS Testing — High Pl Clay Samples
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This is a new figure and therefore Figure 2.5S.4-65 in COLA Rev 2 was renumbered.
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Figure 2.5S.4-65 Shear Modulus Degradation Based on RCTS Testing — Low Pl Clay Samples
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This is a new figure and therefore Figure 2.5S.4-66 in COLA Rev 2 was renumbered.
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Figure 2.58.4-66 Damping Curve Measurements Based on RCTS Testing — Sand Samples
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This is a new figure and therefore Figure 2.55.4-67 in COLA Rev 2 was renumbered.
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Figure 2.5S5.4-67 Damping Curve Measurements Based on RCTS Testing — High PI Clay Samples
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This is a new figure and therefore Figure 2.55.4-68 in COLA Rev 2 was renumbered.

Damping, D (%)

D Curves (InSitu Stress Level)

N
(2.}

====T$,; B405-UD8; 170 ft; PI=N/P; J (Clay 2)/J (Silt interbed)

N
o

1

e TS, B405-UD19; 440.5 ft; PI=22; N (Clay 4)

ks
[3,]
L]
i
i
1
1
1
1
1
]
I
'
1
1
1
1
'
Il
1
1
1
1
l
1
1
L —

=
o

A& & 2 B 2 g & & B o 2 2 &2 8 & 2 2 2 £ 2 2 32 &2
T
1
:
I
I
[}
1
1
i
1
i
1
:
I
1
1
i
1
N |

o

Shearing Strain, y (%)

Figure 2.5S.4-68 Damping Curve Measurements Based on RCTS Testing — Low Pl Samples
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RAI 02.05.04-24

Question

In the response to RAI 2.5.4-2 regarding the design of the temporary slopes, you
performed stability analyses for the temporary excavation and obtained acceptable factors
of safety for the shear strength parameters used, phi = 25 to 28 degrees and cohesion =
300 psf. It is stated in the slope stability writeup that more information is being sought
and that the shear strength parameters will be verified. Case histories document that
permanent cut slopes in stiff fissured clays suffer strength loss over time, and it is.
generally recommended that the cohesion component of strength be set to zero for
conservatism for permanent cut slopes. Given the temporary nature of the slopes, some °
cohesion may be operative for the duration of the open excavation. However, your write
up does not address the potential for progressive failure or potential strength degradation
and the staff would like you to discuss whether or not it was considered.

Please provide a discussion of your evaluation of the operational shear strength of the
stiff fissured Beaumont clay for the open excavation duration. How does the duration of
the open excavation for Units 1 and 2 compare with the projected construction schedule
of Units 3 and 4?7 Are there any other long term deep excavations in the Beaumont clay
that would substantiate your assumptions?

Response

Geotechnical literature reports numerous studies evaluating strength reduction in over-
consolidated clay soils. One of these studies, Technical Report FHWA/TX-07/0-5202-3
by the Center of Transportation Research (CTR) University of Texas at Austin (UT) for
TxDOT, evaluates the fully-softened shear strength of Eagle Ford Shale in Texas and
compares the results to Beaumont clay. Beaumont clay underlies the STP project site.
Although this research evaluated slopes consisting of compacted fill, the study also
provides a literature study which includes studies on natural, excavated slopes. A
summary of applicable research is provided in the following paragraph.

Research from Skempton (1964, 1970, 1977), Mesri and Shahien (2003), and Gulla et. al
(2006) suggest causes for progressive failure and reduction in shear strength as the
presence of fissures, residual strength development, and weathering (wetting, drying,
freezing, thawing). Much of Skempton’s research was on first-time slides in natural and
excavated slopes in London Clay. Skempton’s research was conducted on London Clay,
a stiff and fissured over-consolidated clay. The London Clay could be characterized as
having similar properties such as the stiffness and fissures as the Beaumont clay.
Skempton (1970) concluded that the fully softened shear strength of natural and
excavated over-consolidated natural clay slopes is numerically equal to the peak shear
strength of soil in its normally consolidated state. Gulla’s research (2006) also concluded
that strength of highly plastic specimens approaches that of normally consolidated
specimens. Although the UT report evaluates compacted subgrade, it supports previous
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research of a reduction in strength of high plasticity clays to the fully softened or
normally consolidated, shear strength.

As indicated, a drained cohesion value of 300 psf was used for slope stability analyses.
The average drained shear strength values obtained from project laboratory testing '
performed on clay strata specimens, with the exception of Stratum A, ranged from 1.0 to
2.3 ksf. Shear strength testing was not performed in Stratumi A, which is a relatively thin
stratum at the surface. The drained cohesion value used for slope stability analyses is
significantly less than the tested values in an over-consolidated state. Although a value
of zero for an effective cohesion was not used, consideration was given to using a value
representative of a fully softened, or normally consolidated, strength, and the potential for
strength reduction and progressive failure over time. Furthermore, the slopes proposed
for the Units 3 and 4 excavations, which are scheduled to be open for approximately 4
years, are similar in geometry to those used for the Units 1 and 2 excavations, which were
open for approximately 4 years as well. The Units 1 and 2 slopes performed successfully
during that construction, substantiating the assumptions. A literature search of any other
long term deep excavations in the Beaumont clay was performed, but only limited
literature was found concerning temporary, unsupported slopes with heights near the
magnitude of those slopes that will occur in the STP 3 and 4 project.

No COLA revision is required as a result of this RAI response.
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RAI 02.05.04-25

Question

FSAR Section 2.5S.4.2.1.1 "Stratum A" makes a statement following Equation 2.5S.4-4B
that "Equation 2.5S.4-4B is indicated by Reference 2.5S.4-55 for use if the plasticity
index is less than 30 or for silty or sandy clay. Strata J Clay, K Clay, L and N Clay are
considered to be somewhat more sandy clays and will be characterized by Equation
2.5S.4-4B even though they have average plasticity index values greater than 30." A
quick check of these soil layers in the summary tables, seems to indicate low sand
percentages, typically less than 25 percent. No results were provided for layer L Clay.

Please provide additional data to support your assumption of sand-like behavior and the
use of the higher value of elastic modulus applicable for cohesive soils with PI less than
30.

Response

The range in plasticity index values selected for use as shown in Table 2.5S.4-16 from
RAI response U7-C-STP-NRC-090012 Attachment 3, RAI 02.05.04-13, Supplement 1 is
35 to 50 and the range of fines content is 79 to 96 (i.e., 4 to 21 percent sand/gravel) in
Strata A, J, K, L, and N. Reference 2.554-55 indicates that Equation 2.584-4B is
applicable to clay soils with a plasticity index values less than 30 (or sand-like behavior),
but also indicates it is applicable for stiff soils. The assumption to use Equation 2.554-
4B to obtain the higher values of elastic modulus is justified by the stiff to hard
consistency of the Stratum A, J, K, L, and N clay soils. Information found in RAI
response U7-C-STP-NRC-090012 Attachment 3, RAI 02.05.04-13, Supplement 1 to
justify the stiff to hard consistency is summarized in the following paragraph.

- As indicated in Table 2.55.4-16, corrected SPT Ngo-values values of Stratum A, J, K, L,

and N selected for use range from 11 to 54 bpf. According to the reference Terzaghi and
Peck “Soil Mechanics in Engineering Practice” 1968, corrected SPT Ngo-values, in clays

. greater than 8 blows per foot are considered stiff to hard. As indicated in Table 2.5S.4-

16, undrained shear strength values, S,, values of Stratum A, J, K, L, and N selected for
use range from 1.5 to 4.5 ksf. The unconfined compressive strength, q, is derived by
multiplying the undrained shear strength, S,, provided in Table 2.5S.4-16 by 2. The
unconfined compressive strength, qq, values of Stratum A, J, K, L, and N range from 3.0
t0 9.0 ksf. According to Sowers “Soil Mechanics and Foundations” 3™ Edition and

- Terzaghi and Peck “Soil Mechanics in Engineering Practice” 1968, q, values greater than

2.0 ksf are considered stiff to hard. As indicated in Table 2.5S.4-16, elastic modulus, Es,
values of Stratum A, J, K, L, and N selected for use range from 1,135 to 7,855 ksf.
According to Reference 2.554-55, E; values from 1,000 to 2,000 ksf are considered hard,
which is consistent with SPT Ngo-values and undrained shear strength value correlated
consistencies.
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The RAI response U7-C-STP-NRC-090012 Attachment 3, RAI 02.05.04-13, Supplement 1
includes fines content, liquid limit and plasticity index, strength, and elastic modulus results for
Stratum L Clay as shown in Section 2.55.4.2.1.10 and Table 2.5S.4-16.

No COLA revision is required as a result of this RAI résponse.

¢ ¢



RAI 02.05.04-26 ‘ U7-C-STP-NRC-090090
Attachment 4
Page 1 of 1

RAI 02.05.04-26

Question

Equations 2.5S.4-4A and 4B relating the elastic modulus to shear strength and OCR were
obtained from Reference 2.5S.4-55. The equations offer a range of values of multipliers
to be applied to the shear strength to compute the Es. From this range you selected mid-
range values. The same reference also indicates that for overconsolidated soils that are

~ excavated and may heave due to the reduction in overburden stress, the resulting Es is
smaller, and perhaps very much smaller. You stated that heave on the order of 4 inches to
5 inches will occur during excavation of the overburden. The heave is expected to
recompress with reloading. The staff has the following questions regarding settlement
predictions based on estimated Es and the recommendations of Reference 2.5S.4-55.
How is the reduction in Es due to heave accounted for in the settlement predictions?

Response

Reference 2.5S.4-55 indicates theoretically all heave should be recovered when loads are
applied, but in practice may not occur. However, it is also stated in the reference that it is
very difficult to predict either the amount of heave or the amount recovered. There are
no currently reliable theories available for prediction of heave or settlement when heave
occurs and considerable engineering judgment is required. At the completion of the
settlement analyses, the predicted results of Units 3 and 4 were compared to the actual
settlements reported from Units 1 and 2. The actual settlements of Units 1 and 2
compared well with the predicted settlements when considering the size, bearing level,
and shape differences between the Unit 1 and 2 structures, and the Units 3 and 4
structures. This provides confidence that the selected mid-range values for Es used to
determine the constrained modulus and settlement were valid.

No COLA revision is required.as a result of this RAI response.



RAI 02.05.04-27 U7-C-STP-NRC-090090
Attachment 5
~ Page 1 of 1

RAI 02.05.04-27

QUESTION:

FSAR Table 3.0-11 of Part 9: ITAAC, “ITAAC For Backfill Under Category I Structures,” (1)
does not specify the inspections, tests, or analyses that will be used to ensure that the properties
of the selected backfill meet the ABWR design control document (DCD) Tier I requirements, (2)
only commits to meeting minimum density values, and (3) does not provide specific acceptance
criteria. Thel0 CFR 100.23 (d) (4) requires that “Each applicant shall evaluate all siting factors
and potential causes of failure, such as the physical properties of the materials underlying the site
...,” and Regulatory Guide 1.206 section C.1.2.5.4.5, “Excavations and Backfill” states that the
applicant should discuss “sources and quantities of backfill and borrow, including a description

_of exploration and laboratory studies and the static and dynamic engineering properties of these
materials.” Please describe how you will ensure that (1) the field backfill meets the requirement
of ABWR DCD on minimum shear wave velocity of 1000 fps as listed in the Tier I criteria, and
(2) meets or exceeds the engineering properties and strength parameters assumed for the backfill
in stability analyses (bearing capacity, settlement, and lateral earth pressure, liquefaction etc.).

RESPONSE:

STP COLA Tier 1, Table 5.0, “ABWR Site Paraméters,” Note [6], and COLA FSAR Table 2.0-
2, “Comparison of ABWR Standard Plant Site Design Parameters and STP 3 & 4 Site
Characteristics,” Note [6a], already include the clarification:

Shear wave velocities at multiple depths below the foundation of seismic Category I
structures are less than 305 m/s (1,000 ft/sec). The deviations from the minimum shear
wave velocity requirement will be justified by site-specific soil structure interaction
analysis.

STP was notified by the NRC via telephone that RAI question 02.05.04-27 is being revised and
will be re-issued under the same question number in recognition of the information provided in
Tier 1, Table 5.0, Note [6], and FSAR Table 2.0-2, Note [6a]. A complete response to this RAI
question will be provided when the revised question is issued.

No COLA changes are required in response to this RAI.
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RAI 02.05.04-28

Question

In FSAR 2.5.4.8, “Liquefaction”, the results of liquefaction analyses based on STP N-values,
CPT tip resistance and shear wave velocities were presented in some detail for factors of safety
less than or equal to 1.1. In view of the small number of data points having factors of safety of
less than 1.1 that will remain after construction, you concluded that liquefaction potential was
nil. Inresponse to RAI 2.5.4-5, you stated that graphic presentation of liquefiable zones below
power block safety related structures was not possible because there are no liquefaction zones.
Regulatory Guide 1.198, Section 3.2, “Factor of Safety Against Liquefaction”, recommends that
for factors of safety less than 1.1 and factors of safety between 1.1 and 1.4, that stability and
deformation analyses should be performed with assigned strength values commensurate with the
amount of pore water pressure generation. Your presentation in the FSAR does not address
strength degradation for factors of safety between 1.1 and 1.4. Without a detailed explanation of
those results, the liquefaction and/or strength degradation issue is not ﬁJlly addressed. The staff
needs the following information and data to close out this issue.

a. Discussion of pore-water generation and post-earthquake strength for soils that have factors
of safety less than 1.4.

b. Discussion of post-earthquake stability of safety-related structures and/or potential
interaction with adjacent non-safety related structures as a result of either 11quefact10n or
strength loss.

c. Factor of safety statistics in the form of a histogram for the results for each of the three
methods used to compute liquefaction potential site-wide and structure specific.

In addition, the staff requests that you provide all the data required to perform SPT, CPT and
shear wave velocity liquefaction analyses in electronic format in order for the staff to perform
confirmatory analyses. The data needed to perform these independent liquefaction assessments
is as follows:

SPT, N60 values (varying with depth, for all borings used for testing) CPT, tip resistance (qc)
and sleeve resistance (fs) (varying with depth, for all borings used for testing) Shear Wave
Velocity (Vs) (varying with depth, for all borings used for testing)

This data has already been provided but they are in non-searchable pdf documents. It is
requested that the data be provided in electronic format (for instance, on an Excel spreadsheet),
to ensure the accuracy of the assessment.
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Response:

The following response addresses each of the questions listed above and is followed by a markup
of FSAR Section 2.55.4.8, which will be submitted as part of STP COLA Revision 3, and
additional supplemental information supporting this response that will not be incorporated into
the FSAR. Additionally, Enclosure 1 contains supporting data in the requested format to enable
the NRC to perform an independent liquefaction assessment.

a.) Reduction in post-earthquake strength for soils that have factors of safety (FOS) less than
1.40 is not an issue because such safety factor occurrences are not congregated as can be
determined by examination of FSAR Figure 2.55.4-79, provided as part of the FSAR
markup, and supplemental Figures 39 through 49, which are also included with this response.
Pore water pressure generation is assessed via estimations of post-earthquake settlement.

FSAR Figure 2.5S.4-79 depicts the spatial distribution of FOS values less than 1.10 and
supplemental Figures 39 through 49 depict the spatial distribution of the FOS values between |
1.10 and 1.40 for each stratum site wide for each of the three methods used to compute
liquefaction potential. The plotted borings on FSAR Figure 2.5S.4-79 and supplemental
Figures 39 through 49 do not illustrate a distinct pattern, congregating, or overlapplng of

FOS values by either CPT and Vs or SPT and V.

FSAR Tables 2.5S.4-35 through 2.55.4-37 list all FOS values less than 1.10 and
supplemental Tables 1 through 3 list all FOS values greater than or equal to 1.10 and less
than 1.40, for each evaluation method. For each FOS value or sequence of values, its
disposition is listed.

b.) Post-earthquake stability of safety-related structures and/or potential interaction with
adjacent non-safety related structures as a result of either liquefaction or strength loss is
evaluated by examining the distribution and depths of any localities having indicated factors
of safety less than 1.40 that will remain in-place after construction and fuel load. The spatial
distribution of the FOS values less than 1.40 that will remain in place after fuel load is
depicted on supplemental Figure 50. COLA Tables 2.5S.4-35 through 2.5S.4-37 and
supplemental Tables 1 through 3 list the locations and depths (elevations) of FOS values less - -
than 1.40 that will remain in place after fuel load. The scattered locations and depth of the
localities having FOS values less than 1.40 indicate that strength loss is not a factor and post
earthquake stability is not compromised for any of the safety-related or non-safety related
structures. Therefore, the potential for interaction between safety and adjacent non-safety
related structures is negligible.

FSAR Revision 2 Figures 2.5S.4-48A and 2.5S.4-48B show the excavation plan for .
construction of Units 3 & 4, respectively. This excavation plan is used to identify the
approximate excavation elevations for each boring. FOS values at elevations below the
excavation will remain in place. Taking into account all the tests site wide below safety
related structures, supplemental Table 4 provides a summary of FOS values less than 1.40
that will remain in place under nuclear safety-related structures after fuel load. Supplemental
Tables 5 and 6 summarize FOS values that remain in place beneath non-nuclear safety-
related structures adjacent to nuclear safety-related structures to remain in place after fuel
load. :
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Compression estimates at depth resulting from pore water pressure generation related to FOS
values less than 1.40 are listed in supplemental Tables 4 through 6. The liquefaction induced
compressions follow Ishihara and Yoshimine’s 1992 procedure for calculating volumetric
strain using FOS and (Ni)eocs values or qc; values as proxies for relative density. By
multiplying volumetric strain expressed as a decimal by the layer thickness associated with
the FOS less than 1.40, the liquefaction induced compression is calculated. Given the
intervals below safety-related structures having FOS less than 1.40 are not laterally extensive
and are at considerable depth beneath layers that are not compressing, the compressions in
supplemental Table 4 would not likely propagate to the foundation level of the safety-related
structures.

Of the non-safety related structures adjacent to safety-related structures, only the Turbine
Building, which is adjacent to the Control, Radwaste, and Service Buildings, will have FOS
values less than 1.40 to remain in place after fuel load. Supplemental Tables 5 and 6 list the
FOS values to remain and summarize the possible vertical deformations associated with each
FOS value for non-nuclear safety related structures. Given the size of the Turbine Building
mat, the estimated settlements in supplemental Tables 5 and 6 could be absorbed by the mat
foundation without disrupting plant operations.

Supplemental Figures 1 through 26 are histograms illustrating the FOS distribution site wide
for each stratum, and supplemental Figures 27 through 38 are histograms showing the FOS at
each safety-related structure’s location encountered in the borings. Examination of the
histograms does not reveal a definitive stratum possessing a majority of FOS values less than
1.40 for any method evaluated.

The following changes to FSAR Section 2.5S.4.8, Liquefaction Potential, which are highlighted,
are being incorporated into the FSAR as a result of FSAR Commitments COM 3H-2 and COM
2.5S-2.

2.58.4.8 Liquefaction Potential

The following site-specific supplement addresses COL License information ltem 2.33.

The potential for soil liquefaction at STP 3 & 4 was evaluated following guidance given in
RG 1.198 (Reference 2.5S.4-52). The current state-of-the-art, outlined in Reference
2.58.4-5, was followed. The subsurface conditions and soil properties employed were
those described in Subsection 2.55.4.2. The peak horizontal ground surface
acceleration and earthquake magnitude employed were those described in Subsection
2.58.4.7.5.

2.55.4.8.1 Liquefaction Potential of STP 1 & 2

The STP 1 & 2 UFSAR (Reference 2.5S.4-3) reports that liquefaction potential at that
site was evaluated using SPT data from site-specific borings and using response
analyses together with the results of cyclic triaxial laboratory tests. The site was
evaluated for a peak ground surface acceleration of 0.10g and the equivalent of a
Moment Magnitude 6 earthquake. The results showed that site soils either did not
possess the potential to liquefy, or would not liquefy, under these seismic conditions.
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2.55.4.8.2 Liquefaction Potential of STP 3 & 4

As noted in Subsection 2.5S.4.2, subsurface stratigraphy of STP 3 & 4 is shown, in part,
on the subsurface profiles, Figures 2.5S.4-5 through 2.55.4-9. As discussed in
Subsection 2.5S.1, the site soils, primarily Beaumont Formation deposits, are
geologically old (Pleistocene age). Conventionally, only younger deposits, especially .
Holocene age and Recent age deposits are considered potentially liquefiable. To be
complete and conservative, a comprehensive liquefaction analysis for all boring, CPT,
and shear wave velocity data, and for all soil types, including those having high fines
contents and/or predominantly fine-grained, was conducted.

For the purpose of liquefaction analysis, as well as for general subsurface stratification,
each individual boring and CPT made at STP 3 & 4 was divided according to the various
subsurface strata defined in Subsection 2.55.4.2 (i.e., Strata A through N, excluding G
and l). As such, the soils in the upper 600 feet of the site were evaluated for
liquefaction, using the results of the STP 3 & 4 subsurface investigation. Soils deeper
than 600 feet below ground surface are geologlcally old and are non-liquefiable, as
further discussed in Subsection 2.5S.4.8. 2A5 6.

As described in Subsection 2 55.4.7.5, the peak horlzontal ground surface acceleration
for-the-site- was-selected-at of 0. 10.10g, : tegether—w;th and a Moment Magnitude 7.7
earthquake was selected for use in liquefaction analysrs.1 These values were used in the
STP 3 & 4 liquefaction potential analysis.

2.55.4.8.2.1 Liquefaction Evaluation Methodology

Liquefaction is defined as the transformation of a granular material from a solid to a
liquefied state as a consequence of increased pore water pressure and reduced
effective stress (Reference 2.5S.4-52). Soil liquefaction occurrence (or lack thereof)
depends on geologic age, state of soil saturation, density, gradation, plasticity, and
earthquake intensity and duration. The liquefaction analysis presented here employed .
state-of-the-art methods (Reference 2.5S.4-5) for evaluating the liquefaction potential of
STP 3 & 4 site soils. '

ln—bnef— Reference 2.5S.4-5 contains the so-called “Chinese Method” to assess the
vulnerablhty to liquefaction or senous loss of strength in clayey soils. For the remaining
soils Wpr—esent state-of-the-art (as defined in Reference 2.5S.4- 5) considers an
evaluation of data from SPT, CPT, and shear wave velocity (V) measurements, with the

method employing SPT measurements being the most well-developed and well-
recognized. Initially, a measure of the stress imparted to the soils by the ground motion
is calculated, referred to as the cyclic stress ratio (CSR). Then, a measure of the
resistance of soils to the ground motion is calculated, referred to as the cyclic resistance
ratio (CRR). And finally, a factor of safety (FOS) against liquefaction is calculated as the
ratio of the resisting stress, CRR, to the driving stress, CSR. Details of the liquefaction
methodology and the relationships for calculating CSR, CRR, FOS, and other
intermediate parameters such as the stress reduction coefficient (r), the magnitude
scaling factor (MSF), the K  correction factor accoynting for liquefaction resistance with

increasing confining-pressure, and a host of other correction factors, can be found in
Reference 2.55.4-5. Note that a MSF of 0.935 was used in the analyses, based on the
selected earthquake magnitude. A review of the resuits of liquefaction potential
analyses using the available SPT, CPT, and V_ data for the whole of STP 3 & 4 follows.

4
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2.55.4.8.2.2 Liquefaction Assessment of Clayey Soils

Laboratory tests and field performance data have shown that the great majority. of cIayey|
sons will not liquefy during earthquakes. Criteria to express these observations have
been formulated as contained in Reference 2.5S.4-5 and are hereafter referred to as the
|“Chinese Method”. The criteria state that clayey soils which satisfy all of the three
followmg conditions should be judged to be vulnerable to liquefaction or serious. Ioss of
strength during_a seismic event: L :

Laboratory-determined water content greater than 90 percent of the
laboratory-determined liquid limit;
e Liquid limit is less than 35 percent; and
!. Clay content (<0.005 mm) is less than 15 percent.

The criteria are generally applicable to fine-grained soils (more than 50 percent of‘
partlcles passing the No. 200 sieve). Initially, the criteria are assessed for both the- f|ne-l
gramed and silty and clayey sand-soils below the water table (which is Calso a necessary|
condition for liquefaction to occur) for which test data are available. The liquid limit and
natural water content data are assessed first, as they are the most abundant. If they1
lmdncate no_liquefaction susceptibility, assessment by the clay content cntenon is _not
necessary.

L|qU|d limit and natural water content for SM, SC, ML, MH, CL, and CH samples areLﬁ
avallable from References 2.5S.4-2B and 2.5S.4-2C, and are assessed to check their_
Ilquefactlon potential according to the above criteria for clayey soils. The application of
the criteria to the individual samples for which data are available show that the
vulnerability of the clayey fine-grained soil, as well as the clayey sands (SC), to seism nic
.Ilquefactlon is negligible (see Figure 2.5S.4-78). Nevertheless, the clayey sand (SC)
samples are also assessed by the other methods (SPT, CPT, V). Those samplesz_]
havmg liquid limit = 0 (NP) on Figure 2.5S.4-78 are SM and ML samples and also are__
assessed by other methods (SPT, CPT, V;) discussed later herein. All soil types except
CL and CH are assessed by other methods'

A total of 299 samples for which test data are available were assessed according to the
Chlnese Method. Based on the liquefaction assessment by the water content and I|qu1d
I|m|t of the 299 samples, it is judged not necessary to assess the clay content for 295
](98 7%) of the samples, as the first two conditions are sufficient to show the clay soils
are not vulnerable to liquefaction or severe loss of strength (see Figure 2.5S.4-78).

For the remaining four of the 299 samples assessed:

One sample (Boring U4-3; El. -28.8 feet; Stratum D) has water content equal to
20 9% and liquid limit equal to 23%. The sample has measured cIay contenf
equal to 27%, and thus is greater than 15%, meaning the sample is not
vulnerable to liquefaction or serious loss of strength. :
o One sample (Boring U4-3A, El. -54.4 feet; Stratum F) has water content equguﬁ
26 2% and liquid limit equal to 30%. The clay content of the sample was not
measured but 14 other samples in-Stratum F were tested and have an average
clay content equal to 65%, with the minimum measured clay content equal to
,32% Thus, the sample is judged not vulnerable to liquefaction or serious loss of
strength!




RAI02.05.04-28 , U7-C-STP-NRC-090090
: Attachment 6
Page 6 of 115

~

ro One sample (Boring B-443; El. -133.9 feet; Sub-stratum J Clay 2) has wa@
content equal to 26.2% and liquid limit-equal to 24%. Laboratory grain-size

Ianalysrs classifies the sample as ML, with the clay content equal to 15%. The_1

sample is also assessed by the SPT method discussed later herein, from which
the factor of safety against liquefaction is 3.75. Thus, the sample is not
Vulnerable to liquefaction or serious loss of strength. B
One sample (Boring B-306; El. -35.2 feet; Stratum E) has water content equal to
21.9% and liquid limit equal to 20%. Laboratory grain-size analysis classifies the
samples as SM, with the clay content equal to 10%. The sample only marginally,
crosses the threshold shown on Figure 2.5S5.4-78 and is judged to be an outller|
An adjacent sample at El. -31.7 feet shows a factor of safety against Ilquefactlon

equal to 3.63 when assessed by the SPT method discussed later herein.

iThus, the clay soils at the site are judged not vulnerable to Ilquefactlon or serious loss of
strength during a seismic event.

2.55.4.8.2.32 FOS Against Liquefaction Based on SPT Data

Uncorrected SPT N-values versus elevation are presented on Figures 2.5S .4- 10rl gd
2.5S.4-4412, 2.55.4-14, and threugh 2.55.4-15 for the STP 3 area, the STP 4 area, the
former UHS Basin/RSW area (the area west of the Power Block, now, wlde the Powe_l
Block) and for the remalnlngrarea outside the Power Block, respectively. Uncorrected
SPT N-values verses elevation are presented on Figures 2.5S.4-11 and 2. 5S 4- 13 for
Bonng B-305DH/DHA and Boring B-405DH, respectlvelyl SPT data from all 52 68
borlngs made within the STP 3 area, all ; PEY 60 borings made within the STP 4 area, aIl
& 26 borings made within the formerbUHS Basm/RSW area (west of the Power Block)
~and all 11 borings made within the remalnlng area outside the Power Block were
evaluated for I|quefact|on potentral For completeness, all SPT N-values, including those
measured |n clay sorls {(CH, CL) CL) and those measured in sorls above the groundwater
Ievel‘ - i i
te—llquefaetlen are |dent|f|ed but the FOS is not calculated for the clay sorls clay sonsrA
(con3|st|ng of CL and CH materials) were evaluated by the Chinese Method (Subsectlo—r?
2 58.4.8.2.2) and were found to be not vulnerable to liquefaction. Of the 4944 total SPT
tests 2965 tests, or 60.0%. of the total, are CL or CH samples which are not IlqueflablelJ

The equivalent clean-sand CRR, . value, based on the SPT clean sand equivalent

(N, )s0s» Was calculated following recommendations in Reference 2.58.4-@5, (i.e., by
step-wise proceeding from uncorrected SPT N value, to normalized N,, to hammer
energy corrected (N, ), to clean sand equivalent (N,),, ., and then calculating CRR,. ~
based on (N1)GOCS). Refer to Figure 2.58.4-6:@ for an example of this step-wise
approach from uncorrected SPT N to clean sand equivalent (N Jeocs: REference 2.58.4-5
notes that clean sands and/or clean sand equivalents” having (N, )., 2 30 blows/foot are

considered too dense to Ilquefy and are classified as non- I|quef|able Note that at STP 3
el O

& 4, 3250 1205 tests of 3389 4944 total tests, or approximately 36-8 24.4% of tests, had
(N, )g0cs 2 30 blows/foot.

Of the 3389 4944 SPT N-values, all but 45 11| tests were either CL and CH soils not
liquefiable by the Chinese Method, or were other sorl types including ML soils that had
FOS = 1.10 (refer to Subsection 2.55.4.11 for discussion on the selection of an
appropriate FOS). The 45 11 tests having FOS<1.10 amounted to 8:4 0.2% of all the
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lSPT tests evaluated; in other words, 99—6 99. 8% of the SPT samples were either not
vulnerable or had calculated FOS values that by4h+s—methed exceeded 1.10. For
completeness, an examination of each FOS < 1.10 is provided in Table 2.58S. 4-34 35.
From Table 2.55.4-34 35, it can be noted that:-seven of the 15 11] tests were WIthln
areas/depths excavated for structure foundations; four on€ of the 45 11 tests were was
within areas where no structures—are is_placed, and where soils at similar elevations in

adjommg borlngs had minimum FOS=! 4—4—11 54 ef—the—remmnmg#eur—ef—the—‘ré—tests—

three remaining tests are dlscussed separately next

©f For the remaining twe thre€ of the 45 [11] tests:

®_____One test (Boring B-350 337; EI. 42.3 5.8 feet; Stratum B C) occurred at shallow
depth at the STP 3 Plant—Staek Machlne Shop, whlch |s not a safety reIated
structure,, &

determmed—at—demled—des»gn—s&age-(nete Note atse that sonls at srmrlar

elevations in adjoining borings had minimum FOS=1.76 1.42)
One test (Boring U3-5; El. -193.5 feet; Sub-stratum K Sand/Silt) occurred at the

[ ]
Iocatron of the STP 3 UHS Basin, which is a safety-related structure. Excavation
pIans indicate that the soil at this location will be excavated to El. 2.0 feet, thus
the low-FOS soil encountered will remain below the foundation of the STP 3 UHS
Basm Other SPTs in the K Sand/Silt Sub-stratum of adjoining borings at the

UHS Basin had minimum FOS = 1.38/
One test (Boring T3-7; El. -190.6 feet; Sub-stratum K Sand/Silt) occurred at the

o
location of the STP 3 RSW Tunnel, which is a safety-related structure.
Excavatlon plans indicate that the soil at this location will be excavated to El. -
50 0 feet, thus the low-FOS soil encountered will remain below the STP 3 RSW,
Tunnel. Other SPTs in the K Sand/Silt Sub-stratum of adjoining borings had

minimum FOS = 1.45/

[The two SPT samples in the K Sand/Silt Sub-stratum described above have computed
FOS values < 1.10. These soils are geologically old and on this basis could potentlally
be declared immune to liquefaction, or at least more resistant than shown by thelr]
computed FOS values, as described in Reference 2.5S.4-53 and Reference 2.5S.4-5!
Reference 2.55.4-5 notes that .detailed information to assess the effect of geologic agel
when evaluating liquefaction behavior in terms of a quantitative FOS calculation is
generally not available. Reference 2.5S.4-5 notes that sometimes the effect of geologic
age is at least partially accounted for by the factor K; = 1 in geologically old materials
|that are being evaluated using SPT (or CPT) for a FOS calculatlon The value of KJ
used when computing the FOS at the two SPTs being discussed was:

Boring Elevation KJ
U3-5 £193.5 feet 0.632

T3-7 L190.6 feet 0.648
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If Ks were assigned as 1 to partially account for the geologic age of these two SPT
samples with low FOS values, the resulting FOS would be 1.74 for boring U3-5 at El. -
[1 93.5 feet, and 1.60 for boring T3-7 at El. -190.6 feet:

lThus if the geologic age of the Sub-stratum K Sand/Silt had been at least partially,
accounted for by assigning K = 1, the resulting FOS values would be greater than 1.10.
On the basis of its geologic age and depth below the ground surface, the low FOS_
calculated for two of the individual SPT samples in the K Sand/Silt Sub-stratum are
judged to be of no concern|

Hence, the low FOS values from the SPT method are not significant to the safety of STP
3&4.

2.55.4.8.2.3 4 FOS Against Liquefaction Based on CPT Data

CPT testing at STP 3 & 4 included the recording of both commonly-measured'cone
parameters (e.g., cone tip resistance, friction sleeve resistance, and pore pressure), and
less-frequently-measured shear wave velocity. The evaluation of liquefaction potential
based on commonly-measured cone parameters is addressed here. The evaluation of
Ilquefactlon potential based on shear wave velocity is addressed in Subsection
2.55.4.8.245.

Corrected CPT q, tip resistance profiles versus elevation are shown on Figure 2.55.4-16,

2.55.4-17, 2.55.4-18, and 2.5S.4-19 for the STP 3 area, the STP 4 area, the area west
the Power Block, Znow outside the Power Block), and for the remaining area outside the
Power Block, respectively. CPT data from all 10 CPTs made within the STP 3 area, all

~ 11 CPTs made within the STP 4 area, al48 21{ CPTs made within the area-westofthe
Power Block (C- 947 was excluded due to erroneous data)/ and the one CPT made
BETO TS|
within the remaining area outside the Power Block were evaluated for liquefaction
potential. For completeness, all CPT values, including those measured in clay soils and
those measured in soils above the groundwater level, were initially included in the FOS
calculation spreadsheet, despite their known high resistance to liquefaction. The CPT|
method identifies clay soils by their soil behavior type index, I, and no FOS is calculated
for clay-rich soils. The spreadsheet also is set to identify soils above the water table,
and no FOS is calculated for soils above the water table!

The equivalent clean-sand CRR, . value, based on the CPT clean sand equivalent
(9,4,).» Was calculated following recommendations in Reference 2.5S.4-5, (i.e., by step-
wise proceeding from uncorrected CPT q_ value, to corrected q,, to normalized q, , to
clean sand equivalent (d,4n)es» @nd then calculating CRR, , based on (g, )..)- Refer to
Figure 2.58.4@ for an example of this step-wise approach from uncorrected CPT q,
to clean sand equivalent (q., ) .- Reference 2.5S.4-5 notes that clean sands and/or clean
sand equivalents, having (q_,,)..Z 160 (dimensionless) are considered too dense to
liquefy and are classified as non-liquefiable. Note that at STP 3 & 4, #64-1013 tests of
4489—6272 total tests, or 16.Z 2% of tests, had (dg10)es 2 160 (dimensioniess). Reference
2. 5S 4-5 also notes that soils, having soil behavior type index | 2 2.60, under particular
conditions, are considered too clay rich to Ilquefy and are aIso classmed as non-

liquefiable. Note that at STP 3 & 4 1670 2576 tests of 4488 6272 total tests, or 37:2%
41.1% of tests, had | 2 2.60] and thus are considered too clay rich to Ilquefy|
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Of the 4489 6272 CPT values, all but 163 176 tests had I, = 2.60, are above the waterLl
table, of had FOS 2 1.10. The 353 176 tests havmg FOS < 1.10 amounted to 34 2. 8°oL_‘
of all the tests evaluated; in other words, 96:6 97.2% of the CPT tests have lc 2 2.60, are
above the water table, or had calculated FOS values by this method that exceeded 1. 10
For completeness, an examlnatlon of each FOS < 1, 10 is prowded in  Table 2. 5S. 4-35
36 From Table 2.5S. 4-3536 it can be noted that: 35 55 of the 3]53 176 tests were within
areas/depths excavated for structure foundations, 66 10ﬂ of the 163 176 tests were
within areas where no structures are placed, and 20 of the 176 tests were made at
Iocatlons where non-safety related.structures are planned, but design details such as
foundatlon elevations are unknown at this time. None of the CPT tests that had FOS <
’1 .10 are located where the soil will remain in-place beneath safety-related structures.; 39

Hence, the low FOS values from the CPT method are not significant to the safety of STP
3&4.

2.55.4.8.2.4 5 FOS Against Liquefaction Based on Shear Wave Velocity Data

Shear wave velocity (V) data from all five borings (B-302DH, B-305DH/DHA, B308DH,

B-319DH, and B-828DH) and all three CPTs (C-305S, C-306S, and C-307S) made
within the STP 3 area, and all five borings (B-402DH, B-405DH, B-408DH, B419DH, and



RAI 02.05.04-28 o | | U7-C-STP-NRC-090090
Attachment 6
Page 10 of 115

B-428DH) and beth all three CPTs (C-306S-and-G-30%S C-405S, C-406S and C-407S)
made within the STP 4 area were evaluated for liquefaction potential. For |
completeness, all V values, including those measured in clay soils and those measured
in soils above the groundwater level, were initialyl included in the FOS calculation,
despite their known high resistance to liquefaction.

Shear wave velocity measurements provide no information about the soil classificatig)_n§,!
so it is possible that liquefaction FOS values may indicate soil liquefaction potential
when, in fact, the soil in which the measurement was taken is a CL or CH material which.
is not vulnerable to liquefaction. For P-S logs, the shear wave velocity data are
associated with soil type and fines content by examination of the SPT boring log, in the
same way that fines content and soil type were determined for the SPT method. FOS
|values by the Vs method in the P-S logs were calculated for all soil types, including Clj
and CH clay soils which are not liquefiable. For the seismic CPTs, the fines content at
approximately the middle of the V; measurement interval was estimated from the CP]

} tlp resistance and sleeve friction data, but no filter was imposed for clay-rich soil (I, > L
2 60). FOS values were calculated from the V in seismic CPTs without conS|der|ng soil
type other than estimated fines content. Low FOS values by the V, method in the’
seismic CPTs were evaluated by examination of the associated |..results to determine if
they were in a soil type that is too clay-rich to be liquefiable!

.The CRR, ;value, based on the normalized V_,, was calculated following

recommendations in Reference 2.5S.4-5, (i.e., by step-wise proceeding from.
uncorrected V_ value, to normalized V_,, and then calculating CRR, . based on V_, and

the threshold value of V_,*). Note that the threshold value of V_,* depends on fines

content, and it varies linearly from 215 meters/second for soils having fines content of
<5% to 200 meters per second for soils having fines content of 35%. Reference 2.5S.4-
5 notes that soils having V_, 2 V_,* are considered too dense to liquefy, and are classified

as non-liquefiable. Note that the Vs method is not applicable at depths exceeding about
40 feet based on the recommendation in Reference 2.5S.4-5B, page 120. Therefore, V;]
data at depths more than about 40 feet are not used to evaluate liquefaction. This left a
total of 287 V; tests to be utlllzedg Note that at STP 3 & 4, 1208 150 tests of 4687 287
tetat tests utlllzed or #46 52.3% of tests, had V2 V_*.

Of the 468¥lh2_§:/] V, values, all but 76 19 tests were above the water table, in clay soils,
,.—____._J
or had FOS 2 1. 10 The 76 19 tests havmg FOS < 1.10 amounted to 45 6. 4-6 6.6% of all the
tests evaluated; in other words, 95-5 93.4% of calculated FOS values by this method
exceeded 1.10. For completeness, an examination of each FOS <1.10 is provided in
Table 2.5S.4-36 37, From Table 2.55.4-36 37, it can be noted that: 13 of-the 76 tests

all 19 tests with FOS < 1.10 were wnthln areas/depths to be excavated for structure
foundations!. } he- v :
oAl
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* Hence, the low FOS values from the shear wave velocity method are not significant to
the safety of STP 3 & 4.

2.55.4.8.2.56 Liquefaction Resistance of Soils Deeper Than Apprommately 600 Feet
Below Ground Surface

Liquefaction evaluation at STP 3 & 4 focused on the soils in the upper approximately
600 feet. Site soils, however, are much deeper, with the Pleistocene Beaumont
Formation extending to approximately 750 feet below ground surface. Refer to
Subsectlon 2.5S.4.1 for a brief description of geologic conditions at depths belew more below more
than approximately 600 feet below ground surface, a key point being that the top depth top depth
of pr pre-Cretaceous bedrock (“basement rock”) has been estimated to occur at
approximately 34,500 feet below ground surface (Reference 2.5S.4-4).

Geologic information on soils below a depth of approxmately 600 feet beIow ground
surface was gathered from the available literature. Note that even these uppermost
soils, including the Beaumont Formation, are considered geologlcally old (at
approximately 100,000 to 24 million years for the Pleistocene, Pliocene, and Miocene
deposits, as shown on Figure 2.5S.1-12). Liquefaction resistance increases markedly
with geologic age, with Pleistocene soils having more resistance than Recent or
_Holocene soils, and pre-Pleistocene sediments being generally immune to liquefaction
(Reference 2.5S.4-5). On this basis, these deeper soils are geologically too old to be
prone to liquefaction. In addition, the degree of compaction and strength of these
deeper soils are ant|C|pated only toi increase with depth compared to the overlylng soils
Wthh were analyzed. Finall v i ¥

as-mdleated—en—Flgwe—z—58-4-57—hngher Ilquefactlon reS|stance wouId be expected

from these deeper soils. On these bases, liquefaction of STP 3 & 4 site soils be!ew
more than a depth of 600 feet below ground surface was not considered possible.

2.55.4.8.2.7 Spatial Distribution of Liquefaction FOS Values

,Tables 2.58.4-35, 2.55
obtained: by:the SPT,»,t

1:36, and, 2.5S:4-37 summarize, the low liquefaction FOS: values
PT, and. V methods respectnvely, mcludlng the” Iayer name and
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the range in elevation at which low FOS values were encountered. - Figure 2.5S.4-79
rdentrfes the soil borings and CPT locations in which FOS values < 1.10 werel
lencountered in Stratum A through K Sand/Silt. No low FOS values were encountered ml
strata below Stratum K Sand/Silt. The information presented in Figure 2.5S.4-79 is

lcliscussed in this subsection.l

{

Stratum A has no low FOS values by the SPT method. Stratum A has low FOS values
by the CPT method at 13 locations scattered about the site. Stratum A has low FOS
values by the Vs method at three locations. Stratum A is not used for support of any,
safety related structures.

Stratum B has low FOS values by the SPT method in four borings. Stratum B has low
FOS values by the CPT method at 13 locations scattered about the site. Stratum B has
Iow FOS values by the Vs method in four borings. Stratum B is not used for support of
any safety related structuresl

Stratum C has low FOS values by the SPT method in four borings (each low FOS value
occurs at a single test depth in the respective boring). Stratum C has low FOS values by
the CPT method at eight locations across the site with varying thicknesses. Stratum C
has low FOS values by the V; method at three borings scattered about the site with
,varylng thicknesses. None of the low FOS locations in Stratum C will remain in- pIace'
beneath safety-related structures.

Stratum D has no low FOS values by the SPT or Vs method. Stratum D has low FOS
values by the CPT method at 17 locations scattered about the site. Stratum D is
characterized as predominantly a fine grained layer and, as such, would not be expected
to experience liquefaction. None of the low FOS locations in Stratum D will remain |n-I
place beneath safety-related structures.

Stratum E has no low FOS values by the SPT method. Stratum E has a low FOS value
by the CPT method at one location, within the STP-3 Turbine Building. The low FOS
Iocatlon will be removed by the construction excavation. The V; method is not
appllcable to Stratum E soils (and deeper strata) because they occur at depths greate
than the recommended depth of approximately 40 feet (per Reference 2.5S.4- 5B).

Stratum F has no low FOS values by the SPT method. Stratum F has a low FOS value
by the CPT method at one location, within the Machine Shop northwest of the STP-4
Power Block. The Vs method is not applicable to Stratum F soils and below.

Sub-stratum K Sand/Silt has two low FOS values by the SPT method.” Sub-stratum K
|Sand/Sﬂt was not penetrated by the CPT, and thus no FOS values by the CPT method
are available. Sub-stratum K Sand/Silt was not penetrated by the CPT The Vs method is
not applicable to Sub-stratum K Sand/Silt soils!

No layer deeper than Sub-stratum K Sand/Silt indicated low FOS values by the SPT
method No layer deeper than Sub-stratum K Sand/Silt was penetrated by the CPT.
ﬂ' he V; method is not applicable at these depths! J

iThe arrangement of the soil borings and CPT locations where low FOS values were
Icomputed do not indicate spatial “clustering” of the low FOS values horizontally between
adjacent borings or vertically between strata. ‘Reference 2.5S.4-5 identifies the SPT|
method as the most reliable of the three methods. The SPT method indicates low FOS
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|values at four borings in Stratum B, four borings in Stratum C, and two boring in the K
Sand/Silt Sub-stratum. No -other strata have low FOS values by the SPT method. The
Iow FOS values in Stratum B and Stratum C are either to be excavated during
constructlon or are associated with single test depths in the borings and do not occur in
adjacent borings, and are thus shown to be of limited lateral and vertical extent. Two Qﬁ
the low FOS locations by the SPT method will remain in-place beneath safety-related
structures These occurred in the K Sand/Silt Sub-stratum and, as discussed in
Subsectlon 2.55.4.8.2.3, are judged to be of no concern/

2.55.4.8.2.6-8 Concluding Remarks

A liquefaction analysis was performed using state-of-the-art procedures outlined in
Reference 2.5S.4-5. Liquid limit, water content, and clay content data of fine gralned___'
sons were evaluated using the Chinese Method and showed that the clayey soils are not
Vulnerable to liquefaction or serious loss of strength. Even though the liquid limit and
water content data available for clayey sands (SC) indicate that they are not vulnerable
to liquefaction, all soil types other than CL and CH were evaluated for Irquefactlon
behavior by other methods (SPT, CPT, V )l SPT data points, 33894544 total, were
analyzed from 420 165 borings, from which 98-6 99.8% of the §aanles were either CL
CH, located above the water table, or had calculated FOS values that exceeded 1. 1 1.10.
CPT data points, 4488 6272 total, were analyzed from 32 43 CPTs, from which 96—6

97 2% of the tests indicated too  clay-rich to liquefy, were from above the water table, or;
had calculated FOS values that exceeded 1.10. Finally, shear wave velocity (V) data

pornts to a maximum depth of about 40 feet, 4681 287 total, were analyzed from 10
suspensron P-S velocity logging borings and | five six seismic CPTs, from which 95-5

93 4% of the tests were either associated wrth clay -rich soil types, were from above the
water table, or had calculated FOS values that exceeded 1.10. A detailed examination
of the SPT, CPT, and V data points analyzed that had FOS < 1.10, revealed that the

affected soils are not significant to the safety of STP 3 & 4.

It is also evident, from the collected subsurface investigation results, that STP 3 & 4 site
soils are overconsolidated and are geologically old with respect to conventional
Ilquefactlon analysis. In the liquefaction evaluation, the effects of overconsolidation and
geologlc age were generally not considered, both of which tend to increase resistance ta
liquefaction. A very limited number of tests at isolated locations indicated potentially
liquefiable soils; however, this indication could not be supported by the overwhelming
percentages of the data that otherwise represent these soils as non-liquefiable.
Moreover, the state-of-the-art methodology used for the liquefaction evaluation was
intended to be conservative and not necessarily required to encompass every data point;
therefore, the presence of a few data points beyond the CRR base curves is acceptable

Addmnally—m%e-hquefaetlen-evawaﬂen—the-eﬁeeteei
(Reference 2 58 4 5) -

2.5S.4.8.2.7 9 Consultation-Conformance with Regulatory Guide 1.198

Before and during the foregoing evaluation, RG 1.198 (Reference 2.5S.4-52) was
consulted. The liquefaction evaluation presented here conforms closely to the RG 1.198
guidelines.

Under “Screening Techniques for Evaluation of Liquefaction Potential,” Reference



RAI 02.05.04-28 A U7-C-STP-NRC-090090
. Attachment 6
Page 14 of 115

2.55.4-52 lists the most commonly observed liquefiable soils as fluvial-alluvial deposits,
eolian sands and silts, beach sands, reclaimed land, and uncompacted hydraulic fills.
The geology at the STP site includes fluvial soils and man-made fill at very limited
locations. The liquefaction evaluation included all STP 3 & 4 site soils. The man-made
fill (Stratum A [Fill]), which is suspected at very limited locations, is removed during site
grading operations. In the same section, Reference 2.5S.4-52 indicates that clay to silt,
silty clay to clayey sand, or silty gravel to clayey gravel soils can be considered
potentially liquefiable. This calculation treated all STP 3 & 4 site soils as potentially
liquefiable, including the fine-grained soils. Note, however, that the clayey| finer-grained
STP 3 & 4 site soils are not vulnerable to liquefaction or to senous loss of strength

accordlng to the Chlnese Method in Reference 2 5S 4 5.

the groundwater level for calculation purposes was selected at EI 25.5 feet [c_)g
' evaluatlng Strata A-D. This groundwater level is likely a “perched” condition within
Stratum A D, as measured in the Stratum C sand (refer to Flgures 2.558.4-55 and 2. 58 4-
56) Nete—that For evaluating Stratum E and deeper Iayers a lower water level; was
used as measured in the deeper Stratum E sand, ‘oceurred at an average El. 16.5 feet
(El 17.0 was used) (also refer to Figures 2.5S.4-55 and 2.5S.4-56). [ Despite-the
seteeted—htgher—greemdwater—levet,—_t’_l’,he calculated FOS against liquefaction
overwhelmingly exceeded 1.10. Groundwater levels at STP 3 & 4 are not expected to
rise in the future given the relief and topography, promoting positive drainage. Similarly,
Reference 2.5S.4-52 indicates that potentially liquefiable soils may not pose a
liquefaction risk to the facility if they are insufficiently thick and/or of limited lateral extent.
The separately dlscussed SPT teste{-Q—ef—té—tests-)—GtZLtests-ﬁa-ef—ﬁ.’&tests)—and
Hosts(10-of 76-tests)-tests that had FOS < 1.10, detailed above,
are is, additionally ; au of limited thickness and/or lateral extent. The spatial dIStrlbUtI0n§
of low FOS<1.10 locations are dispersed around the site and do not define clusters of
local areas of weak soil

¢

Under “Procedures for Evaluating Liquefaction Potential,” Reference 2.55.4-52 lists
CPT SPT cychc tnaxnal and shear wave velocity tests as acceptable methods m

anal—ye.es—r Cycllc tnaX|aI tests were not performed on STP 3 & 4 site sorls but were
performed previously on STP 1 & 2 site soils (Reference 2.5S.4-3, Subsection

2.5S.4.8.2.4), which are similar. The CPT, SPT, and shear wave velocity test results
were used in these liquefaction potential analyses.
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This table replaces the existing Table 2.5S.4-34 in COLA Rev 2.

Table 2.5S8.4-35 Summary  of Liquefaction Potential FOS Values<1.10;
SPT Method

[1] Elevations are referenced to NGVD 29 datum.

[2] Foundation El. shown in “{}" symbols denote the elevations of significant over- excavation at the particular

structure.

Test EI.L Foundatlon 'Stratum'___] -
Boring | [1] (feet) | FOS | Structure EL [2] (feet) (Disposition) [3]
1 0.3 043 | Reactor L50 {-60) |Stratum C (to be
3050|-r|4 Building excavated) N
DHA
B-337, 5.8 0.99 Machme __jToBe__ Stratum C (see note v
“Shop’ Determined [5]) -
B-343 11.0 | 0.99 Badwastg +19 {-39} iStratum B (to be be N
Building excavated) g
B-422C | :3.3 0.95 jTurbine'H £8 {-10} IStratum C (to be N
Building | excavated) 5
B-424 5.8 0.98 JTurblne L8 {-10} Stratum C (to be be N
Building excavated) .
B-912 L3.5 1.05 N/A N/A Stratum B (no .
structure at test N
location)
B-915 4.5 0.93 Clrculatlng __[Tobe ;Stratum B (to be
Water Pipes | Determined_ | excavated) N
=15 to -39} [4] '
r3-5 2.1 11.08 | RSW Tunnel L23 {-50} éStratum B (to be N
excavated) -
T3-5 9.6 1.03 | RSW Tunnel 23 {-50} ,Stratum B(tok be y
- excavated) o
T3-7/ | 190.6 | 1.04 | RSW Tunnel | 23(-50] | Stratum K Sand/Siit
(to remain)
U3-5 L193.5 [11Q UHS Basin 4 {2} Stratum K Sand/Silt
[6] ' (to remain)
NOTES: '

{31  denotes tests having FOS < 1.10, but made in strata to be excavated or areas without structures. No FOS is
calculated for clay soils, as they are unlikely to liquefy according to the Chinese Method.

[4] Foundation El. of the Circulating Water Pipes is to be determined. Excavation plans indicate over-excavation to
the approximate elevation indicated in “{ }" symbols.

[5] Not a safety-related structure and therefore does not affect site safety.
[6] FOS value slightly < 1.10, but which rounds up to 1.10 at two decimal places.’
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Table 2.55:4-36' Summary of. quuefactlon Potentlal FOS Values<1.10;

CPT Méthod’ (page 1'of 3)

FOS T Eggndatlon'El.] e rr e Bl I
1 2] Structure [§]§(ie__.9t)f_.‘ Stratum (Disposition) | [4]
* 222 0.80 i :

C 301 (8) %{23% {(1)82 N/A N/A S‘tratumkA_.(no structure q

C-301 (2) 119 0.91 N/A N/A Stratum A/B'(ng
11.4 1.04 struct ire-at. test E/,
C-301(2) 0.82 /A NIA q
- 0:89 | -
c302 @) 1.05 NA NA 7
1.06 . M
€-303 (1) 1.09 N/A N/A N
N
C-303 (2) -16.8 0.83 N/A N/A g
[17.3 0.89 -
C-304 (1) 19:3 0.98 N/A N/A N
— !
C-305S (3) 14.4 0.95 Radwaste £19¢-39} y
12.5 1.04 “Building” N
C-306S (5) 22.6 0.78 [Turbine £8.{-39} v
17.2 1.09 Building A
C-306S (4) 14.2 993 JTurblneH -8 {-39} v
12.2 1.08 Building o
C-306S:(1) L1119 0.87, JTurbmeﬁ L8 {:39) N
Buﬂdlng &
C-3068 (5) :17.3 0.84 ‘ £84-39) o
-19:8 093 =
C-306S (1) 123.2 0.97 T8 {-39} ;/
- \
_ !
C:306S(1) 1.09 £81{=39} N
N
€:3075:(3) 0.98 N
.08 =
- C-308°(1) 1.05 Swutc yard q
\f
€:308 (1) 7 1.08 Switchyard N
A}
C-308:(1) £24:5 1.07 | Switéhyard Stratum: Di(see note o
74)) =
CZ309(1) iz | 1.08 | Magfine shop STAtHmAL(E N
) -
€:310%4) 51.0%7 ol AachineiShop StratiimiDi(seeinote v
21240 1706 IDetermmeq [’B]) -
f4%6 0198 N/A N/A j 7
| | -
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Table 2.5S.4-36 Summary of Liquefaction Potential FOS Values<1.10;

'CPT Method (page 2 of 3)
CPT, TestEl | =xg | B
WGmbeLlrb? L[1 2] E[CZ)]§ Structure f_QP[g]d ag:tr;jL Stratum (Disposition) | [4]
T est Points) | {feet) SIS
C-401 (1) L12.5 0.98 N/A N/A Stratum D (no structure 9
at test location)
C-402 (1) L11.8 1.07 N/A N/A Stratum D (no structure N
' at test location) b
C-403 (2) 112.9 0.99 N/A N/A Stratum D (no structure | r
=Re ) g | e Sttost woatony e | §
C-404 (1) 3.4 1.06 | N/A N/A Stratum B (no structure Y
at test location) S
C-405S (2) 9.5 1.02 Badwastg' £19 {-39} Stratum C (to be 9
8.9 1.08 Building excavated) &
C-405S (1) 6.9 1.05 Radwaste £19 {-39} Stratum C (to be N
“Building’ excavated) b
C-406S (1) £16.4 0.91 [Turbing L8 {-39} Stratum D (to'be’ N
‘ Building excavated) 2
C-407S (1) 10.9 1.06 [Turbine -8 {-39} Stratum-B (to be N
- : Building excavated) o
C-409 (1) £15.2 0.97 Machine Shop __[ToBe | Stratum D (see note N
Determined [7]) =
C-410 (1) 23.7, 1.07 | Machine Shop __jToBe_ Stratum A (see note q
Determined [7]) o
C-410 (4) 16.4 0.97, | Machine Shop __jToBe___ Stratum B/C (see note 7
12.4 1.09 Determined | [7)) &
C-410 (5) -10.2 0.90 | Machine Shop __fToBe___ | Stratum D (see note 7
] L15.6 0.98 Determined | [7]) &
C-410 (1) L50.6 1.02 Machine Shop __ToBe___ Stratum F atum F (see note N
Determined [7]) .
C-411.(1) 21.5 1.10 [5] N/A N/A Stratum A (no structure Y
: at test location) &
Cc-411 (1) L18.4 0.89 N/A N/A Stratum D (no structure N
, at test location) &
C-904 (17) 24.0 0.13 N/A N/A Stratum A (no structure | -
an ﬁ::.‘ﬂ BTE R T Eat test Ioca(tion) ‘L/
C-904 (2) 8.2 0.97 N/A N/A Stratum B (no'structure’ | ;.
7.7 1.04 lat test location) v
C-904 (2)- +3.1 1.07 N/A N/A Stratum C (no structure | -
( 3% 1[1 .09 ' ‘at test Iocagion) v
C-904 (1) £20.8 089 | N/A N/A Stratum D (no structure N
: at test location) -
C-907 (2) 10.1 0.86 N/A . NIA Stratum B (no structure | r
@ L) [ J 0.95 bt test Ioca(tion) Y
C-907 (6) -9 2 0 72 N/A N/A Stratum C (no structure |
1136 .09 at test Iocagion)' d
Q-QOB (1) t14. 1] [1 01} Clrculatmg P_JTO,Be:___ m -
I I Water Pipes F?gtgggf?éj bxcavated) N
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Table 2.58.4-36 Summary of Liquefaction Potential FOS Values<1.10;
CPT Method (page 3 of 3)

CPT___ | TestEll | =xg T | o
(Numberof | [1.2] '5[‘2)]§ Structure E@Eg;l(afg:tr;ﬂ, Stratum (Disposition) | [4]
Test Points) | (feet) < 2SR

C-916 (1) n1.0 1.09 Control r42 {-44} Stratum B (to be N
Building excavated) &
C-917 (8) 10.3- 0.88 Clrculatlng _ToBe | emm—wminsrs
6.3 1.08 Water Pipes Determined Zt(?at\t/‘g; e%)(t_g_gg N
15 to -39} [6] -
C-917 (2) £10.4 0.96 Clrculatlng __jToBe_ | esrs=phrsra
t11.9 1.05 Water Pipes Determlned S)t(rfateg: e%)(to be N
{-15 to -39} [6]
C-918 (13) 25.2 0.37 C|rculat|ng _floBe | ermicoraees N
183 |{.10(5] | WaterPipes | Determined_ |1oraum e’z‘,).(t—°—b3 q
{ 15 to -39} [6] g
. . C —
C-918 (1) 127 1.08 ﬁ;;zt:lgtggs E)TeJtTec:rgﬁ = ”‘es)t(réga't :;r:ecc:j)(to be g
{-15 to -39} [6]
C-940 (1) £21.2 0.82 N/A N/A Stratum D (no structure Y
at test location) &
C-941 (1) 10.8 1.05 N/A N/A Stratum B (no structure Y
at test location) o
C-945 (1) t18.4 0.90 N/A N/A Stratum D (no structure v
at test location) &
C-946 (7) 20.5 0.97 N/A N/A Stratum A (no structure | -
186 .09 lat test location) v
C-948 (26) 25.2 0.84 N/A - N/A Stratum A (no structure | -
15.7, 1.10 [5] - at test location) y
C-948 (1) 8.2 1.09 N/A N/A Stratum B (no structure y
at test location) &
C-948a (1) 10.4 11.07, N/A N/A Stratum B (no structure N
at test location) b
C-949 (2) 23.4 1.06 N/A N/A §tratum A (no structure q
| 231 1.09 at test location) &
C-949 (5) L20.9 0.70 N/A N/A ;Stratum C (no structure Y
1222 0.77 at test location) L
NOTES: '

[1] Elevations are referenced to NGVD 29 datum.
(2] Range of Test Els. and FOS values are given where multiple test points occur.

[3] Foundation Els. shown in “{}’ symbols denote the elevations of significant over-excavation at the particular
structure.

[4] ~ denotes tests having FOS < 1.10, but made in strata to be excavated or areas without structures. No FOS is
calculated for clay soils, as they are unlikely to liquefy according to the Chinese Method.

[5] FOS value slightly < 1.10, but which rounds up to 1.10 at two decimal places.

[6] Foundation EL. of the Circulating Water Pipes is to be determined. Excavation plans indicate over-excavation to
the approximate elevation indicated in “{ }" symbols.

[71 Not a safety-related structure and therefore does not affect site safety.
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Table 2.55.4-37 Summary of Liquefaction Potential FOS Values<1.10;

Shear Wave Velocity Method

VeBomnaor | T | eos Foundatic | _ Stratum__ |
r(ilﬁmber of j’1 ,21 21 Structure n(Eelegﬂ KDEEE’S?E@JJ), [4]
sT est Pomts) | (feet) ~ .
B-302DH (1) | 7.0 | 0.85 | Reactor 20 {-60} Stratum B (to be | -
'Building excavated) v
B-302DH (2) }-;g '8;24 ;ge,_?:_tor' L50 {-60} Straturrtl Cc;)(to to be g
2.8 | 0. Building excavate
B-308DH (2) g?é ‘8 g; Ee'elz(;:'tor' -50 {-60} 'Straturr: /3 )l(to be g
Building excavated)
B-308DH (2) | [16.7] | 0.41] | Reactor +50 {-60} | Stratum A/B (to g
15.0 0 79 | Building : be excavated)
B-319DH (4] | [18.6 | 065 [ [Turbine | [8{:30] |Stratum A (tg | g
' 13. 6 0 91 Buuldmg be excavated)
B-319DH (1) | 7.4 |4.02 | Jubing | [8{:39] |StratumC (tobe| ¢
‘ Buildi — ted) y
uilding excavate
B-419DH (1) | 5.1 0.67, [Turbine L8 {-39) | Stratum B (to be g
Building excavated)
B-428DH (1) | 9.6 | 0.97 | [Turbine L8 {-39} | Stratum A (tobe | -
B-428DH | 2201 ) == A
‘ Building \ excavated) L
B-428DH(3) | 1.9 | 085 JTurblne | H8{-39} |StratumC (to be, be y
‘-5 2 | l.04 | Building excavated) 5
B-428DH (2) | -10.1 | 0.79 JTurblne -8 {-39} | Stratum C (to be be N
L11.8 | 0.92 Building excavated) 1
NOTES:

[1] Elevations are referenced to NGVD 29 datum. Vs Method not applicable for depths greater than approximately
40 feet (Test El. below approximately -10 to -15).

[2] Range of Test Els. and FOS values and given where multiple test points occur.

[3] Foundation Els. shown in “{}" symbols denote the elevations of significant over-excavation at the particular

structure.

[4] V denotes tests having FOS < 1.10, but made in strata to be excavated or areas without structures. No FOS is

calculated for clay soils, as they are unlikely to liquefy according to the Chinese Method.

[5] Where soil layers with low FOS values transcend strata breaks, both strata are noted. For example, “Stratum

A/B" indicates a layer of low FOS values beginning in Stratum A and continuing into Stratum B.
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This figure replaces the existing Figure 2.5S.4-5 in COLA Rev 2.
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Figure 2.558.4-5 Subsurface Profile 3EW4
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This figure replaces the existing Figure 2.5S.4-6 in COLA Rev 2.

B-329............C30M8. .. .. .. B32C.........0........ B-319DH.......
29.55 30.02 ; 30.07 : 2839

7. Wiiat % Z r

(NGVD 29)

ELEVATION ~ feef

APPROXIMATE. VERTICAL - SCALE - ervvovereereoeemoe oo FRROUOURRURRURN
IN EEET : : '
Figure 2.55.4-6 Subsurface Profile 3NS2 )
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Figure 2.5S.4-7 Subsurface Profile 4EW4
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This figure feplaces the existing Figure 2.5S.4-8 in COLA Rev 2.
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This figure replaces the existing Figure 2.5S.4-9 in COLA Rev 2.
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Figure 2.5S.4-9 Subsurface Profile 4UHS3
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100 110 120
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Uncorrected SPT N-Value (Blows per Foot)

Figure 2.55.4-10 Uncorrected SPT N-Values (STP 3) <includes B-917>
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This figure replaces the existing Figure 2.5S.4-12 in COLA Rev 2.
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Figure 2.58.4-12 Uncorrected SPT N-Values (STP 4)
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This figure replaces the existing Figure 2.5S.4-13 in COLA Rev 2.
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Figure 2.55.4-13 Uncorrected SPT N-Values (STP 4
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This figure replaces the existing Figure 2.5S.4-15 in COLA Rev 2.
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Figure 2.5S.4-15 Uncorrected SPT N-Values (Outside Power Block)
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This figure replaces the existing Figure 2.5S.4-16 in COLA Rev 2.
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Figure 2.55.4-16 Corrected CPT Tip Resistance (qt)(STP3)



RAI 02.05.04-28

This figure replaces the existing Figure 2.5S.4-17 in COLA Rev 2.
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Figure 2.58.4-17 Corrected CPT Tip Resistance (qt)(STP3)<Includes C-916>

Attachment 6
Page 32 of 115

C-404

C-405s

C-406s

C-407s

C-408

C-408

C-410

— o411

— = C-907

— = (C-908

m—=C-916

C-917

— = (C-918

— —=C-944

— = C-945

— = C-946

C-949




RAI 02.05.04-28

.- Attachment 6

Page 33 of 115

This ﬁguré replaces the existing Figure 2.55.4-18 in COLA Rev 2.
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This figure replaces the existing Figure 2.5S.4-19 in COLA Rev 2.
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Figure 2.55.4-19 Corrected CPT Tip Resistance (qt)(UHS Basin/RSW)<Excludes C-916>
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This figure replaces the existing Figure 2.5S.4-55 in COLA Rev 2.
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This figure replaces the existing Figure 2.5S.4-56 in COLA Rev 2.
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Figure 2.5S.4-56 Measured Groundwater Levels (Outside Power Block)
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This figure replaces the existing Figure 2.5S.4-69 in COLA Rev 2.
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This figure replaces the existing Figure 2.5S.4-70 in COLA Rev 2.
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Liquid Limit (percent)

100

90

80

70

60

50

40

30

20

10

RAI 02.05.04-28

Attachment 6
Page 39 of 115

Moisture Content (percent)

Figure 2.5S.4-78 Liquefaction Evaluation of Clayey Soils
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The following information is provided for Reference to support the response to RAI 2.55.4-28
_ but will not be incorporated into the FSAR.
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Supporting Figures (continued) .

Figure 13 — Calculable Factors of Safety Against Liquefaction — Stratum K C — Site Wide

Figure 14 — Calculable Factors of Safety Against Liquefaction — Stratum K SS — Site Wide

Figure 15 — Calculable Factors of Safety Against Liquefaction — Stratum L — Site Wide

Figure 16 — Calculable Factors of Safety Against Liquefaction — Stratum M — Site Wide

Figure 17 — Calculable Factors of Safety Against Liquefaction — Stratum N C1 — Site Wide

Figure 18 — Calculable Factors of Safety Against Liquefaction — Strafum N C2 - Site Wide

Figure 19 — Calculable Factors of Safety Against Liquefaction — Stratum N C3 — Site Wide

Figure 20 — Calculable Factors of Safety Against Liquefaction — Stratum N C4 — Site Wide

Figure 21 — Calculable Factors of Safety Against Liquefaction — Stratum N C5 — Site Wide

Figure 22 — Calculable Factors of Safety Against Liquefaction — Stratum N C6 — Site Wide

Figure 23 — Calculable Factors of Safety Against Liquefaction — Stratum N S1 — Site Wide

Figure 24 — Calculable Factors of Safety Against Liquefaction — Stratum N S2 — Site Wide

Figure 25 — Calculable Factors of Safety Against Liquefaction — Stratum N S4 — Site Wide

Figure 26 — Calculable Factors of Safety Against Liquefaction — Stratum N S5 — Site Wide

Figure 27 — Calculable Factors of Safety Against Liquefaction — Unit 3 Control Building

Figure 28 — Calculable Factors of Safety Against Liquefaction — Unit 4 Control Building

Figure 29 — Calculable Factors of Safety Against Liquefaction — Unit 3 Diesel Generator Fuel Storage
Vaults

Figure 30 — Calculable Factors of Safety Against Liquefaction — Unit 4 Diesel Generator Fuel Storage
Vaults ,

Figure 31 — Calculable Factors of Safety Against Liquefaction — Unit 3 RSW Pump House
Figure 32 - Calculable Féctors of Safety Against Liquefaction — Unit 4 RSW Pump House
Figure 33 — Calculable Factors of Safety Against Liquefaction — Unit 3 Reactor Building
Figure 34 — Calculable Factors of Safety Against Liquefaction — Unit 4 Reactor Building
Figure 35 — Calculable Factors of Safety Against Liquefaction — Unit 3 RSW Tunnel

Figure 36 — Calculable Factors of Safety Against Liquefaction — Unit 4 RSW Tunnel

Figure 37 — Calculable Factors of Safety Against Liquefaction — Unit 3 Ultimate Heat Sink
Figure 38 — Calculable Factors of Safety Against Liquefaction — Unit 4 Ultimate Heat Sink
Figure 39 — Spatial Distribution of FOS between 1.10 and 1.40 for Liquefaction — Stratum A
Figure 40 — Spatial Distribution of FOS between 1.10 and 1.40 for Liquefaction — Stratum B
Figure 41 — Spatial Distribution of FOS betweeq 1.10 and 1.40 for Liquefaction - Stratum C
Figure 42 — Spatial Distribution of FOS between 1.10 and 1.40 for Liquefaction — Stratum D
Figure 43 — Spatial Distribution of FOS between 1.10 and 1.40 for Liquefaction — Stratum E
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Supporting Figures (continued)

Figure 44 — S;;atial Distribution of FOS between 1.10 and 1.40 for Liquefaction — Stratum F
Figure 45 — Spatial Distribution of FOS between 1.10 and 1.40 for Liquefaction — Stratum H
Figure 46 — Spatial Distribution of FOS between 1.10 and 1.40 for Liquéfaction — Stratum J C1
Figure 47 — Spatial Distribution of FOS between 1.10 and 1.40 for Liquefaction — Stratum K SS
Figure 48 -- Spatial Distribution of FOS between 1.10 and 1.40 for Liquefaction — Stratum L
Figure 49 — Spatial Distribution of FOS between 1.10 and 1.40 for Liquefaction — Stratum N 52
Figure 50 — Spatial Distribution of FOS Less Than 1.40 Remaining after Fuel Load — All Strata
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Table 1 Summary of Liquefaction Potential
FOS Values 2 1.10 and < 1.40; SPT Method

Boring Test El. Foundation
(Numberof | [12] | f2F | structure El. [3,8] Dissontom s | 11|17
Tests) (feet) (feet)
} - -4.7 1.31 Reactor . 3 Stratum C v
B-305DH (1) | Building 50 {-60} (To Be Excavated)
-349.7 1.16 Reactor Stratum NS2
B-305DH (2) | 3597 | 138 | Building -50 {-60} (Refer to Table 4) v
18.4 1.19 Control Stratum A
B-311 (1) Building 42 {44} (To Be Excavated) v
9.7 1.15 Turbine . Stratum B
B-321 (1) Building Varies {-58} (To Be Excavated) | ¥
10.3 1.39 Turbine . Stratum B
B-323(1) Building Varies {6} (To Be Excavated) v
10.9 1.39 Turbine . Stratum B
B-326 (1) Building Varies {8} (To Be Excavated) | ¥
-3.4 1.22 Machine To Be Determined Stratum C
B-335 (1) Shop {4} (To Remain In Place) v
10.8 1.33 Machine To Be Determined Stratum B
B-337 (1) Shop {-5} (To Be Excavated) v
1.1 1.21 Stratum B
B-341 (1) . N/A N/A {-40} (To Be Excavated) v
19.0 1.39 | Radwaste Stratum A
B-343 (1) Building -19 {39} (To Be Excavated) v
B-350 (1) 11.3 1.11 Circulating | To Be Determined Stratum B v
Water Pipes {-15 to -39} [6] (To Be Excavated)
‘ 1.8 1.28 Control Stratum B :
B-411 (1) Building -42 {44} (To Be Excavated) v
-4.6 1.30 Turbine . Stratum C
B-415(1) Building Varies {-14} (To Be Excavated) v
7.4 1.18 Stratum B
B-420 (1) , N/A N/A {2} (To Be Excavated) v
-0.8 1.11 Turbine . ~ Stratum C
B-422C (1) Building Varies {-30} (To Be Excavated) | ¥
10.8 1.33 Machine To Be Determined Stratum B /
B-436 (1) Shop {10} (To Be Excavated) v
0.8 1.27 Machine To Be Determined Stratum C
B-436 (1) Shop {10} (To Remain In Place) v
6.8 1.31 Radwaste Stratum B
B-445(1) Building -19 {-39} (To Be Excavated) 4
B-920 (1) 13.7 1.20 N/A N/A Stratum B (No St.ructure vV
at Test Location)
B-933 (1) -0.9 1.21 N/A N/A Stratum B (No Structure | | -
at Test Location)
 B-942 (1) 30.0 1.19 N/A N/A Stratum A (Fill) (l_\lo v I v
Structure at Location) ,
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Table 1 Summary of Liquefaction Potential
FOS Values 2 1.10 and < 1.40; SPT Method (Continued)
Boring Test El. Foundation
(Numberof | [1,2] F[(Z)]s Structure El. [3,8] (Disgzgtt?;?.) - [4] | 71
Tests) (feet) {feet) :
12.6 1.22 Diesel
Stratum B
D3-1(1) Storage {7 (To Be Excavated) 4
Vauit
17.4 1.27 Diesel
) Stratum A
D3-3 (1) Storage =47 (To Be Excavated) 4
Vault
10.0 1.21 Stratum B
T3-4 (1) RSW Tunnel -21{-23} (To Be Excavated) v
0.4 1.14 Stratum C
T4-3 (1) RSW Tunnel 21 {-23} (To Be Excavated) v
17.6 1.14 Ultimate Stratum A ‘
U3-1(1) Heat Sink 412} (To Be Excavated) v
-38.0 1.38 Ultimate Stratum E
us-3(1) Heat Sink 412} (Refer to Table 4) v
54 1.40(5] Ultimate : Stratum B
u3-4 (1) Heat Sink 412} (To Be Excavated) v
-183.6 1.38 Ultimate Stratum K SS
u3-5 (1) Heat Sink 412} (Refer to Table 4) v
10.8 1.35 RSW Pump Stratum B
u4-6 (1) House -28 {-30} (To Be Excavated) v
-239.2 1.32 RSW Pump Stratum L
U4-6 (1) House -28 {-30} (Refer to Table 4) v
NOTES: -

[1] Elevations are referenced to NGVD 29 datum.

[2] Range of Test Els. and FOS values are given where multiple test points occur.

[3] Foundation Els. shown in “{}” symbols denocte the elevations of significant over-excavation at the particular
structure or boring.

[4] v denotes tests having FOS = 1.10 and FOS < 1.40, but made in strata to be excavated, areas without

structures, or clay soils unlikely to liquefy according to the Chinese Method.
[5] FOS value slightly < 1.40, but which rounds up to 1.40 at two decimal places.

[6] Foundation El. of the Circulating Water Pipes is to be determined. Excavation plans indicate over-excavation to

the approximate elevation indicated in “{ }" symbols.

[71 ¥ denotes tests that will remain in place after fuel load.

[8} Excavation elevations interpreted from STP 3 & 4 FSAR Revision 2, Figures 2.5S.4-48A and
2.55.4-48B are used to determine if tests will be removed during excavation.
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Table 2 Summary of Liquefaction Potential
FOS Values 2 1.10 and < 1.40; CPT Method

CPT

Test El. FOS Foundation Stratum
(Numbe:r of A [1,2] 2] Structure El. [3,8] (Disposition) [8] [4] | [7]
Test Points) (feet) ({feet)
oo | 27 [TE [ | waoe | Smatome [
C-301 (1) 18.8 1.38 N/A N/A {15} .Straat‘;Jr_Pe,:t(ll_\locz: aStti:)unc)ture v
C-301 (1) 17.3 1.30 N/A N/A {1 '5}‘ Strae:??e/:t(lr_\lo% ;tigunc)ture v
caony | MR wa | waos | SRR [
cowe | B3 [T wa | waes | Smmatesee /1Y
C-302 (1) -2.6 1.29 N/A N/A Stra:tjr_lr_legt([\loc:: ;tiroli]c)ture N V4
C-302 (1) ‘-6.0 1.1 N/A N/A Straatlt“'pe(s:t([\locz: aSttirOL:]c;ture vV |Iv
coma | g7 15[ w | w [ Twmalome (v
14.2 1.15 Stratum B/C (No
C-303 (5) N/A N/A {-30} Structure at Test v
12.2 1.39 ’ Location)
coma | 318 T | waew | Tmctesie ]y
C-303 (1) -2.0 1.20 N/A N/A {-30} Stra:tj?egt(:jo(:: aSttiLunc)ture v
C-304 (1) 18.3 1.12 N/A N/A {-35) Stra;::r_lrje,:t(ll_\looc €?tti:)unc)ture v
caoa@ | 9| M0 N/A N/A {-35} Stuctrestiost | v
10.9 1.32 Location)
C-304 (1) -34.8 1.39 N/A N/A {-35} Stra;tj?el:t('[\loi aStti;unc)ture v
C-304 (1) -36.3 1.31 N/A N/A {-35} Straetxlt"?egt(li\lo% ;ti:)unc)ture vV | v
cass() | °0 | | T | o am | poavmieg |V
causs () | 0 | | Fedes e (o0 | poavmeheg | Y
cass () | 4 | V2| Radte | g oy | g SrmE |
cass () | 10| T | Fedwste | g g | S |
caoes (1) | 27| 12 5353223 Varies {-58} (To-géraEt;cgéted) v
caoes () | 12 | MO gzirltc)iiirr]xz Varies {-58} (To Séraéi’gvited) v
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. Table 2 Summary of Liquefaction Potential
FOS Values 2 1.10 and < 1.40; CPT Method (Continued)

(Nug:;r of T?1s ,t2I]EL F[Cz)]s Structure FOI;T‘E’;";']O"‘ (Disgz,l;aitt?;',) [8] [4] | [7]
Test Points) (feet) (feet) ,

c-aoes (1) | 27| V2T QO | varies (58) | g piEenlia |V
caors(ny | 210 192 pHARe | varies (30} (To Be Excavated) | ¥
el B A R I W
csorser | 55| 1% | o | e 90 | osrEmten |
caors () | 70| M2 BHORe | varies £30) | (1o e tacmated) | ¥
caors(y | M| VP lang | Vares 830 | omE el |V
caors(ny | BT | 128 ;ﬂ{.ﬂi{,‘,‘; Varies {-30} (To Rggzlﬁl;nrn%lace) Y
C-307S (1) 460 132 gﬂﬂz'.?,z Varies {30} (To RSrtr::lr:TnEPlace) Y
C-307S (1) 470 134 gﬂﬁz::‘; Varies {-30} (To Rgrtrzz’(ilrj]rrl\nEPlac,e) v
C-307S (2) :g;i 12(15 gﬂﬁz::z Varies {-30} (To RSrtT:?xtiﬁTnEPlace) v

C-308 (1) 19.81 1.40[5] Reserve To Be Determined Strat_um A v

Transformers {20} (To Remain In Place)
C-308 (1) 178 % TraF;Z?grr:/neers ToBe If{)gétizrmined (To Rs:rzztiﬁr?nﬁlace) v
C-308 (5) 144 1.13 Reserve To Be Determined StratL!m A/B v
, 17.5 | 1.40[5] | Transformers {20} (To Remain In Place)

C-308 (1) 109 % : Tr;essfg:r\'lneers ToBe I?;(t)(}ermined (To Rzrtrzztiﬁr?nBPlace) , v

C-308 (1) -2 8 Tr;isfsrr:lneers ToBe I?ze(t)t}armined (To Rz:;e:i:nl]nilace) v
C-308 (1) 122 199 Tr;:assfsrr:/neers ToBe I?ze(t)t}armined (To Rzrt:;ti:r?n%lace) v
C-308 (1) 132 1-35 Tr;essfsrr:/neers ToBe r:[);(t)(}armined (To Rzrt:si:r?ntl)’lace) Y
C-308 (1) 156 1% _ Tr;essfg:neers Tose [{)gct)t}armined (To Rjrt:\?ati:r?n[:’lace) v
cam() | 0| M| emers | 20| (To Remain n Piace) Y
C-309 (2) %:é 1:15 Mgﬁgi:e Tobe D{?}ermined (To gttar?ft:cr:g\gted) M
C-309 (1) 186 .1 e Mgﬁgi,?e foBe D{(:t}ermined (To getaraEt:(Jg\gted) v
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_ Table 2 Summary of Liquefaction Potential )
FOS Values 2 1.10 and < 1.40; CPT Method (Continued)
CPT Test El. FOS Foundation \ Stratum
frone | Goy | @ | Srewre | GEN | ospostions |91
caosy | 2 ) M e | | (ro B excavated) | ¥
cam | 1 | M e T | (Toe Excaveted) | ¥
cam( | 02 ) M N L T | (fo Remain n Place) d
cao | T N T | (To Remain In Place) Y
camm | | T N | " | (To Remainn Place) Y
c-ato(t) | 199 1 Méﬁ';‘,?e Tore D{(;t}ermmed (To gg?:cr;;\gted) a8
coe | P3| 12 | Mo [TossDeemied| smund
C-310 (2) gfg 12; Méﬁ';i{,'e ToBe D{gt}ermined (To §'§E‘i’<§2&ed) v
C-310 (1) -10.2 1.36 Mgﬁgige To Be D{e7t}ermined (TO‘RE:LZ%Tanace) V4
caom | T N I | (To Remain in Place) d
catony | 299 1T MSE'SLTG Tobe D{(;t}ermined (To Rz:rzzti‘rjlr?nDPlace) 4
C-310 (4) :g?(s) 13; Mgfngige Tobe D{e7t}ermined (To Rsrt'rzztiﬂnlanPlace) v
C-310 (1) 594 %8 Mgﬁgi,?e ToBe D{e7t}ermined (To RSrtr:e:ilriTnEPlace) Y
C-401 (10) f;:g }:;(1’ N/A N/A {15} (To SSE‘,‘(‘Q&M) v
coe | 20 we | wawn | geemms, |V
C-401 (1) 14.1 128 N/A N/A {15} Strajtt\l:r{"eBst(lr:l:cjttigj:)ture 1Y
cat@® | 7 | 1% N/A N/A {15} S Tost Locationy - | ¥ |
car@ | 152 | 13| A VA (15| T et Locaton) |V | ¥
cao1(ry | 14 | 124 N/A N/A {15} S Test Locationy | ¥ |7
can2(z) | 1871 131 Na N/A N Test Location) | 7 |
C-402 (1) B N/A N/A Str?&??eit(ygcjégj:;ure V|V
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J

Table 2 Summary of Liquefaction Potential
FOS Values 2 1.10 and < 1.40; CPT Method (Continued)

(Nuﬂ;:r of T(E-1S,t2|]5|- F[(2)]S Structure FOEUIT“[J?:;']"" (Disﬁf,gttm) (8] 41| [7]
Test Points) {feet) (feet)
caoz(ry | & | 130 NIA N/A S Tost Locatony ||
c-a02(1) | 130 | 118 N/A N/A Stra/t\ltj?e[;t(ﬂ?c:ttirou:)ture V|7
c402() | a5 | a3 | NA N/A A Test Losation) | ¥ | ¥
c4033) | a9 | 128 N/A N/A {29} (To g(teréilit:;\gted) Y
C-404 (1) 13.9 117 N/A N/A {-35} (To Séraéi‘gvﬁted) Y
C-404 (3) ﬁ:g 1:35 N/A N/A {-35} (To s;raEt,f(?;\Z,ted) 4
caoss (1) | 112 | 112 R;ﬂ‘,’é?,?ée -19 (-39} (To E?(teraEt)l(Jg;\zted) Y
c4055 @) | 95 | 14 Ré‘ﬂfé?f;e 19 {39) (To gér?:c?;\zted) Y
caoss() | 0% | VS| Radwse | 0630 | romevmete |V
cwoss | 35 | T2 | edwm | g | g smnc 7
c4055®) | g5 | 125 | buigmg | 069 | (opematey |
c4o0ss (1) | T2 | 1400 R;ﬂ‘,”é?:;e -19 {-39) (To §’§a£§c'2vited) Y
s | 18 | b | Radwe | gy | e TS
c-4065®) | i2g | 137 | ouidng | VA"S 658 | (1o ge Excavated) | ¥
cwoos @ | 128 [ 1T | I | et | e [V
c4065) | 77 | 1% | Budne | Varies ¢68) (To Bo Excavated) | ¥
s | 18|18 | I | e | g, 25, [V
caors (1) | OO | 138 Eﬂ.ﬁﬂ'.?,‘; Varies {-30} (To Rfﬁf\Z?éTanuac@ v
C-408 (2) ?Ig; 1%2 Tr;(as?g:neers ToBe I?zeg;rmined (To RSrtrr12tilrj1TnBPlace) v
caon | 18 | 10| Rewve [ToBeDdemined|  swme TV
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Table 2 Summary of Liquefaction Potential
‘ FOS Values 2 1.10 and < 1.40; CPT Method (Continued)

(Nug:;r of TT1S ,tzl]EL F[g]s Structure F°é’.f'f’§§'1° " (Disg;’:itt?':r“) e |4

Test Points) {feet) (feet)
c-408 (1) 099 120 Tr;essfg::/neers Toe l?;é?rmined (To RS:rr;tiﬂTnHPlace) ‘/
C-408 (1) 060 129 Tr;es?‘g::/neers Toe l?;(t)t}%rmined (To sgamt:inr: IJn(I?Iace) v
C-409 (1) 242 1.39 Mgggi:e To Be D{?t}ermined To gg;t:g; \g ted) v
C-409 (1) 12./4 1.20 Mgﬁgi;e To Be D{?t}ermined To BséraEt)l(J(r:ngated) v
C-409 (1) -14.7 1.19 Mg::]r;i;)\e To Be D{?t}ermined To Rzgztilrj]TnDPlace) Ve
C-409 (1) -62.4 1.25 Mgﬁgi;e To Be D(?It}ermined To R:trr;tizr?anlace) v
C-410 (1) 12.9 1.14 Mgﬁgi:g To Be D{(;t}ermined To g;rztrg\zted) v
C-410 (1) 9.0 1.33 Mgﬁgi:e To Be D{(;t}ermined To g(tereét:(r:r; vCa ted) v
C-410 (1) -0.9 1.31 Mgﬁgi;e To Be D{(;t}ermined To ngzti:rrlin% 1ace) v
C-410(2) :ggg :Ilgg Mgﬁgige Tobe D{(;t}ermined (To Rj:rrlaatiw?ncl:i’lace) v
C-410 3) jig 1%2 Mgﬁgige ToBe D{‘;t}ermined (To RSrtrrg(iLrlenDPmce) v
C-410(3) - :jg?/ :lljllg Mgﬁgi:e ToBe I:){(;t}ermimad (To RSrt'rzztirL:TnFPlace) v
C-410 (1) 516 12 Mgggi:e ToBe D{(;t}ermined (To RSrtrrlztirliTnFPlace) v
C-41 0‘ 1) -54.5 1.36 Mgﬁgi:e To Be D{(;t}ermined To Rzgztig\nlanplace) v
C-411 (1) 20.0 1.20 N/A N/A Stralt\ltjr_'rr\e,:\t([l:c:ttirgl:)ture v | v
cone | P[] e | wa | SmmAmesmam /T
C-411 (1) 14.6 1.13 N/A N/A Strapt‘lt"?ezt(l’:‘(;)cjtti?:)ture vV |Iv
C-411 (1) 12.1 1.39 N/A N/A Strei-t\t:?elzt(ll:l(;)c:ttir:ﬁ)ture V| v
C-411 (1) -12.0 1.21 N/A N/A Stra;‘Ltlr{_]elzt(ll_\l:cgttiLurc';)ture v | v
C-902 (1) 9.0 119 N/A N/A s"’fj“t‘ r{']eit(lr:‘:c:ttigj:)tu v |v
C-903 (1) 7.8 1.38 N/A N/ A Stra,;:]r{"ecs:t(llrl;c:tti;ur::)ture v /
oo [T W | w  [mmiteimee V]V

Ay
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Table 2 Summary of Liquefaction Potential
FOS Values 2 1.10 and < 1.40; CPT Method (Continued)

CPT Test El. FOS Foundation Stratum
(Number of | [1,2] 2] Structure El. [3,8] (Disposition) [&] 4| m
Test Points) (feet) (feet) .

come | o [ [ e | e [Semimeme V]V
conry | TR wa [ e [ | [
come | S8 [T w | [Smagtommee /]y
ooma [ 25 [T w | w | Semgtemen /]
cootn | 0| | wa N e sl R R4
coory | 0 | M0 e | wem | R Gen |V
core | oF || v | wee | mpatesme |V
@ | o7 | 1o | N VA @ | N et Locaton) | Y|
o | 53 || | wem | Tsciese ]V
co7® | Gy | am | A I R e el R
cower | 37 [ w | wa |Tmmtemem [T/
cooren | 02 [ MO ] wa | owam | TR laaen ||
C-907 (1) -16.0 1.30 N/A N/A {2} Stra;‘Ltl?eZt(ll_\l:CESlttir;Jnc)ture v | v
C-908 (3) 18.8 1.23 Circulat.ing To !3e Determined Stratum A v

v 17.9 1.37 Water Pipes {-15 to -39} [6]) (To Be Excavated)

E I Nl e ol I O
coorn | B | e VA e | [
come | &7 [T [ wa | w | matesman /]
cooorn | M| TP | wa I N i R R
cwo | G5 [ L[ w | w sl [Ty
cowm | %0 [T olme | 29 | osmEmee |V
eo @ i Bctﬁlrglr:sla 42 ¢4 - (To Sé'aé;’é‘;vitem Y
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Table 2 Summary of Liquefaction Potential
FOS Values 2 1.10 and < 1.40; CPT Method (Continued)
CPT Test EL. Foundation
(Numberof | (1,21 | T [cz)]s Structure El. [3,8] (Disggfi‘t‘i’;?‘) @ M|
Test Points) {feet) {feet)
) " 21 1.37 Control A9 I Stratum C v
C-916(2) 1.6 1.40[5] Building 42 {-44) . (To Be Excavated)
C-917 (1) 17.7 1.40[5] Circulating To Be Determined Stratum A v
Water Pipes {-15 10 -39} [6] (To Be Excavated)
C-917 (2) 16.7 1.15 Circulating | To Be Determined Stratum A v
16.2 . Water Pipes {-15 to -39} [6] (To Be Excavated)
C-917 (1) 10.8 1.35 Circulating | To Be Determined Stratum B Ve
: Water Pipes {-15 to -39} [6] (To Be Excavated)
C-917 (1) 8.3 1.10 Circulating | To Be Determined Stratum B v
Water Pipes {-15 to -39} [6] (To Be Excavated)
C-917 (1) 5.4 1.29 Circulating | To Be Determined Stratum B v
: Water Pipes {-15 to -39} [6] (To Be Excavated)
C-917 (1) -13.8 1.20 Circulating | To Be Determined Stratum D v
Water Pipes {-15 to -39} [6} (To Be Excavated)
C-918 (1) - 18.8 1.20 Circulating | To Be Determined Stratum A v
Water Pipes {-15 to -39} [6] (To Be Excavated)
C-918 (1) 17.8 1.37 Circulating | To Be Determined Stratum A v
Water Pipes {-15 to -39} [6] (To Be Excavated)
c-918 (1) 16.8 1.35 Circulating | To Be Determined Stratum A v
. Water Pipes {-15 to -39} [6] (To Be Excavated)
C-918 (1) -13.2 1.28 Circulating | To Be Determined Stratum C v
Water Pipes {-15 to -39} [6] (To Be Excavated)
c-918 (1) -14.2 1.33 Circulating ‘| To Be Determined Stratum C v
Water Pipes {-15 to -39} [6] (To Be Excavated)
244 1.31 ' Stratum A (No Structure
C-940(1) N/A N/A At Test Location) v
22.8 1.39 Stratum A (No Structure
C-940 (1) N/A N/A At Test Location) v
221 1.29 Stratum A (No Structure
C-840(1) : N/A N/A At Test Location) v
211 1.18 Stratum A (No Structure
C-94009. | 498 | 132 NIA NA At Test Location) | ¥ | ¥
19.2 1.37 Stratum A (No Structure
C-940(1) N/A NIA At Test Location) v
17.2 1.37 Stratum A (No Structure
C-940 (1) N/A N/A At Test Location) v
16.3 1.30 -Stratum A (No Structure
C-940(1) N/A N/A At Test Location) v
, 11.0 1.39 Stratum B (No Structure
C-940 (1) - N/A N/A At Test Location) VY
10.0 1.33 Stratum B (No Structure
C-940 (1) N/A NIA- At Test Location) v
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Table 2 Summary of Liquefaction Potential
FOS Values 2 1.10 and < 1.40; CPT Method (Continued)

CPT

Test El.

Foundation

iy | gy | | s | GEY | omedtonm |10
coa1(ny | 108 | 132 N/A N/A St B e seture | v | v/
cortn | P* | V| wa v | e e |
coe | 104 | i | NA | S o™ | [
conw | 13 [ | e | e | Smetese V]V
c-aa3(n) | 104 | 1 N/A N/A {22} LA R
cony | M| MR wa | waen | SRREROSES ||V
conw | 45 |15 | e | e | mmotoss VTV
conm | 22 [ VN[ wa [ owaea | SRRENCSS V]
cose | BT TR [ wa | wam | SRSt

conw | g3 | 1 | wa | waisa | Smmatoime [

come | 15|15 [ e | wasa | SmRCTESe [

oo | | T e R e vl R
oo | 7 | TP e I e vl R
con | o8 |15 | e | e[ SmmAtese |Vl
G A I T v il A
oo | | T A I el R R
com@ | 103 [ 1la | wa I e R
como | i [ | e | [ ommsteser [V
conw | 1 || Ne | e [Sslesme ]
CIC I I T I i B KA
C-948 (1) 7.8 1.12 N/A> N/A Stratum B (No Structure | - |

At Test Location)
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Tablé 2 Summary of Liquefaction Potential
FOS Values 2 1.10 and < 1.40; CPT Method (Continued)

CPT Test El. FOS Foundation Stratum
(Number of [1,2] 2] Structure El. [3,8] (Disposition) [8] [41 | [7]
Test Points) (feet) (feet)

111 1.13 Stratum A/B (No

C-948a (2) N/A N/A Structure At Test | v | v/
10.8 1.40[5] .

Location)

254 1.13 . Stratum A (No Structure

C-9490) | 238 | 1.0 NA N/A {3} At Test Location) | ¥
228 1.18 ' Stratum A (No Structure

C-949 (3) 221 1.1 NIA N/A {3} At Test Location) v
211 1.16 Stratum A (No Structure

C-949(5) 19.8 1.32 NIA N/A {3} At Test Location) 4
10.0 1.28 Stratum B (No Structure

CO9@ | o7 | 121 NIA NIA (3} At Test Location) | ¥
2.8 1.23 Stratum C (No Structure

C-949 (6) 1.1 1.38 N/A N/A {3} At Test Location) vV
-8.4 1.37 Stratum C (No Structure

COBB) | 91 | 139 N/A NIA {3} At Test Location) | ¥ |V

NOTES:

(1]
(2]
(3]

(4]

151
(6]

(7]
8]

Elevations are referenced to NGVD 29 datum.
Range of Test Els. and FOS values are given where multiple test points occur.

Foundation Els. shown in “{ }" symbols denote the elevations of significant over-excavation at the particular
structure or boring.

v denotes tests having FOS = 1.10 and < 1.40, but made in strata to be excavated, areas without structures, or
clay soils unlikely to liquefy according to the Chinese Method.

FOS value slightly < 1.40, but which rounds up to 1.40 at two decimal places.

Foundation El. of the Circulating Water Pipes is to be determined. Excavation plans indicate over-excavation to
the approximate elevation indicated in “{ }” symbols.

v’ denotes tests that will remain in place after fuel load.
Excavation elevations interpreted from STP 3 & 4 FSAR Revision 2, Figures 2.5S.4-48A and
2.55.4-48B are used to determine if tests will be removed during excavation.
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Table: 3 Summary of Liquefaction Potential
FOS Values 2 1.10 and < 1.40; Shear Wave Velocity Method

(Nun\llk;e_r of T?‘T ,tZI]EL F[g]S Structure FOI;IT‘([j;g]on (DI sggsaitt‘ijt;‘r‘\) [6] [4]1 | [5]
Test Points) (feet) (feet)
B3020H (1) | 44 | 1B SS.T‘;‘:; -0 {-60} (To §§a£‘x‘$&ed> v
B-308DH (1) | 249 | 110 R 50 £60) | (70 Bo Excavated) | ¥
B-30sDH(1) | 0% | 1A ] EeREe 50 (60} | (70 5o Exemvated) | ¥
B-308DH(2) | 137 | 1% Sﬁﬁﬁfé -50 {-60} (To ggaEt:g\?ated) v
BatoDH(1) | &7 | 19 Buiiing Varies (40} | (7o 5o excavated) | ¥
BazepH (1) | 0t | MU QRS | varies ¢12) | (1o oo evomated) | ¥
B40sDH (1) | 1 | 122 i -50 {-60} (ToBe Exepvated) | ¥
B419DH (1) | 210 | M1 HBRS | varies (40} | 1o o encmated) | Y
B-419DH (1) | &4 1-20 ;ﬂ,r,?,',:z Varies {40} | s;r?zt:cr:g\gted) v
B428DH(2) | 293 | M 5353'.23 Varies £13} | (1o S;raEt:c?;\gted) v
ooy | T3 | 20| doe | v i | omAe [
B4280H (1) | T34 | 119 gtj{,ﬁ;‘;‘; Varies {13} | (1, Rggzti:n:nilace) v

[1] Elevations are referenced to NGVD 29 datum. Vs Method not applicable for depths greater than approximately

40 feet per Andrus and Stokoe (2000) (Test El. below approximately -10 to -15 ft).
[2] Range of Test Els. and FOS values are given where multiple test points occur.

[3] Foundation Els. shown in “{ }" symbols denote the elevations of significant over-excavation at the particular
structure or boring. '

(4] ¥ denotes tests having FOS 2 1.10 and FOS < 1.40, but made in strata to be excavated, areas without

structures, or having clay soils unlikely to liquefy according to the Chinese Method.

[5] v denotes tests that will remain in place after fuel load.

[6] Excavation elevations interpreted from STP 3 & 4 FSAR Revision 2, Figures 2.5S8.4-48A and

2.55.4-48B are used to determine if tests will be removed during excavation.
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Table 4 Summary of Liquefaction Induced Compression at Depth
' Beneath Nuclear Safety Related Structures

Found (N1)soc Liquefacti Total gelp th
oun _ s . | Liquefaction . . elow
ation ) Test EL FOS L_ayer Volumgtrl Induced L|quefact|9n Foundati
Structure El Boring [1] Stratum [4] Thicknes | c Strain Compressio Compressio on EL to
. _ o .
(ft) (ft) N1 [2] s (ft) [3] (/") n (in) n at(i?‘?pth Test El.
(ft)
Reactor 14.8
Buliding -50 B-305DH | -349.7 NS2 1.16 123 20.0 0.59 1.4 300 to
Reactor | 55 |pg3ospH | -369.7 | Ns2 | 1.37 128 30.0 0.28 1.0 4Bl 320
Building ) ) 16.5 -~ ) )
RSW 9.3 ' )
Tunnel -21 T3-7 -190.6 KSS 1.04 77 20.0 1.18 2.8 . 2.8 [5] 170
Ultimate . 111
Heat Sink 4 u3-3 -38.0 E 1.38 95 25 0.33 0.1 0.1[5] . 42
Ultimate 14.6
Heat Sink 4 u3-5 -183.6 KSS 1.38 12.2 10.0 0.31 0.4 188 to
| Utimate |, | y3s | 935 | kss | 110 22 49 0.7 0.4 "o 198
Heat Sink T s 8.5 i ) )
RSW 15.3
Pump -28 U4-6 -239.2 L 1.32 12.7 10.0 0.37 0.4 0.4 [5] 211
House ’ )
NOTES:

[1] Elevations are referenced to NGVD 29 datum.

[2] (N+)socs values multiplied by 0.833 to account for energy differences between Japanese and American penetration testing practices as noted by
Kramer (1996).

[3] Volumetric strains interpreted from Ishihara and Yoshimine (1992)-Figure 10.

[4] FOS values based on SPT method. No FOS values for CPT or. Vs methods applicable to this table.

[5] Compression at depth in a laterally limited width of the indicated stratum is unlikely to propagate to the foundation elevation of the structure due
to dissipation by depth below the foundation elevation.
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Table 5 Summary of Liquefaction Induced Compression Beneath
Non-Nuclear Safety Related Structures Adjacent to Nuclear Safety Related
' Structures by the CPT Method

/ - .
. A(ciN)es . Liquefaction Total Depth Below
Foundation Test El. Layer Volumetric . . I
. FOS (tsf) -ay h i induced Liquefaction | Foundation El
Structure (Ef:) Boring {:t]) Stratum [3] Qer Thu:(lf(tr)\ess Str?.,kn) 2] Compression Compression to Test El.
(kgtlem?) (in) (in) (ft)
Turbine 81.8
Buliding - -26 C-307S -33.7 D 1.28 798 0.5 0.39 0.02 0.02 7
Turbine 73.4
Buliding -26 C-307S -46.0 E 1.32 716 0.5 0.37 0.02
Turbine 26 c-307s 470 E 1.33 L34 0.5 0.36 0.02
Buliding 4 72.3 0.10 20 to 27
Turbine 64.7 '
Buliding -26 C-307S -51.9 E 1.30 631 0.5 0.42 0.03 ¢
Turbine 44.2
Buliding -26 C-307S8 -52.4 E 1.26 431 0.5 0.47 0.03
Turbine 75.5
Buliding -26 C-407S -57.0 H 1.38 737 0.5 0.31 0.02 0.02 31
NOTES:

[1] Elevations are referenced to NGVD 29 datum.

[2] Volumetric strains interpreted from Ishihara and Yoshimine (1992) Figure 10.
[3] Based on CPT method. No FOS values from SPT method applicable to this table.
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. Table 6 Summary of Liquefaction Induced Compression Beneath
Non-Nuclear Safety Related Structures Adjacent to Nuclear Safety Related
Structures by the Shear Wave Velocity Method
. Vg4 Liquefaction Total
Foundation Test El. Layer . : . Depth Below
Structure El. Boring (] | stratum F[czls (fUsec) | rhickness s‘t’r";;"[‘gl"('; ) COm‘r‘:::ion é;‘::::::;‘;’:‘ Foundation EI.
(ft) (F6) Dk [2] (ft) (in) (in) to Test El. (ft)
i (%) :
Turbin 530.8
uroine -8 B-428DH | -13.4 D 1.15 0.8 0.29 0.03 0.03 5.4
Building
: 90
NOTES:

[1] Elevations are referenced to NGVD 29 datum.
(2] Relative density Dr estimated based on (N+)eocs in boring at depth of Vs test.
‘ [3] Volumetric strains interpreted from Ishihara and Yoshimine (1992) Figure 10.
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Figure 1 - Calculable Factors of Safety (FOS) Against Liquefaction -
Stratum A - Site Wide
OSPT ACPT OVs

Number of Calculable FOS

70%

Percentage of Calculable FOS
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- » 13 |3 d |3 (3 (3 - >
S EVFI S IEIFIFIFFlF1F 4
sPT Count 0 3 1 1 0 1 5 8 4 3 19 81
% of Count 0.0% 24% 0.8% 0.8% 0.0% 0.8% 40% 4.8% 2% 24% 15.3% 85.2%
ceT Counl a5 33 34 32 28 38 2 25 2% 24 72 87
% of Court 18.7% 25% 8.7% 8.3% 57% T1% 4.5% 49% 5.7% 4.7% 14.1% 17.1%
ve Count 8 4 3 e 2 D) ] [ 4 1 4 73
% of Court 8.1% 40% 3.0% 0.0% 20% 0% 0.0% 2.0% 4.0% 1.0% 40% 73.7%

N/A= V, Method not applicable at this depth




44.8%

Attachment 6
Page 67 of 115

18.0%

OSPT BCPT OVs

3.3%
1"
2.9%
0

0%

U7-C-STP-NRC-090090

33%
24
8.2%
0

0%

42%
23
2.0%
1

0%

7.0%
2
§.2%
0
0.0%

8.1%
45
1M.7%
9
Q.0%

Stratum B - Site Wide

AN

12
8.6%
20
8.8%
a
0.0%

W/% »@0«»? /]

»
~

Figure 2 - Calculable Factors of Safety (FOS) Against Liquefaction -

RAI 02.05.04-28

- 7, F
Y o, [~Ele g% =
o t 3
-qws sl st s ..m
N o, = B8 E|- 5 =
- 4 <
N b
=)
e ND@ 2lo 2l 2 S
N 0#34...3.”,0& =
: E
e i . i . m
XY  “w, [oEFEE -
. 2
R 2 3 £ £ g2 £ H 3
£ ¢ & & & B B wmwmmmm
? td & & V
SO SIGRINIES J0 RGN S04 2|qenaes jo abeiuasiag k& N f
% o > m
Z




RAI 02.05.04-28 U7-C-STP-NRC-090090
Attachment 6
Page 68 of 115

Figure 3 - Calculable Factors of Safety (FOS) Against Liquefaction -
Stratum C - Site Wide
OSPT ACPT OVs

550 ’—]

450

400

350

250

200

Number of Calculable FOS

150

70% .

60% -

50% L

40%

30%

Percentage of Calculable FOS

2%

10%

A |l e | | A | A7 A | 7Bl AL
«@»\?

%3
7o
73

1

¥
Os,.
£
A‘Os’
Ay
st "
Qs,

& 5&

7
L9
L

SPT

7
o 7y
£ 'Sk,
@ Os.
® Y,

% of Court 0.8% 0.5% 0.2% 0.9% 0.2% 03% 1.2% 0.8% 0.8% 5.5% 88.9%
Count 2 15 1% e a3 73 56 eo 58 35 287 505

% of Count 1.7% 12% 15% 2.0% 50% 38% 47% 4.7% £.0% 51% 22.7% 40.0%
Court 8 1 1 c 2 1 ] c 1 1 s 114

% of Count 8.1% 08% Q8% C.0% 0.0% 08% 20% 0.0% 0.8% D&% 3 8% 80.4%

CPT

Vs

N/A= V, Method not applicable at this depth
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Figure 4 - Calculable Factors of Safety (FOS) Against Liquefaction -
Stratum D - Site Wide
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N/A= V; Method not applicable at this depth
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Figure 5 - Calculable Factors of Safety (FOS) Against Liquefaction -

Stratum E - Site Wide
OSPT ACPT OVs
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N/A= V; Method not applicable at this depth
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Figure 6 - Calculable Factors of Safety (FOS) Against Liquefaction -
Stratum F - Site Wide
OSPT ACPT OVs
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N/A= V, Method not applicable at this depth
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Figure 7 - Calculable Factors of Safety (FOS) Against Liquefaction -

Stratum H - Site Wide
OSPT ACPT OVs
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Figure 8 - Calculable Factors of Safety (FOS) Against Liquefaction -
Stratum J C1 - Site Wide
OSPT @CPT OVs
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Figure 9 - Calculable Factors of Safety (FOS) Against Liquefaction -
Stratum J C2 - Site Wide OSPT B@CPT OVs
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N/A= No CPT data in this stratum

N/A= V Method not applicable at this depth
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Figure 11 - Calculable Factors of Safety (FOS) Against Liquefaction -
Stratum J 12 - Site Wide OSPT BCPT OVs
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N/A= No CPT data in this stratum

N/A= V, Method not applicable at this depth
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Figure 12 - Calculable Factors of Safety (FOS) Against Liquefaction -
Stratum J S1 - Site Wide OSPT @aCPT OVs
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N/A= No CPT data in this stratum

N/A= V, Method not applicable at this depth
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Figure 13 - Caiculable Factors of Safety (FOS) Against Liquefaction -
Stratum K C - Site Wide OSPT @CPT OVs
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N/A= No CPT data in this stratum

N/A= V Method not applicable at this depth
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Figure 14 - Calculable Factors of Safety (FOS) Against Liquefaction -
Stratum K SS - Site Wide
OSPT ACPT OVs
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N/A= No CPT data in this stratum

N/A= V Method not applicable at this depth
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Figure 15 - Calculable Factors of Safety (FOS) Against Liquefaction -

Stratum L - Site Wide
OSPT ACPT [OVs
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N/A= No CPT data in this stratum

N/A= V Method not applicable at this depth
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Figure 16 - Calculable Factors of Safety (FOS) Against Liquefaction -
Stratum M - Site Wide
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N/A= No CPT data in this stratum

N/A= V; Method not applicable at this depth
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Figure 17 - Calculable Factors of Safety (FOS) Against Liquefaction -
Stratum N C1 - Site Wide
OSPT ACPT OVs
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N/A= No CPT data in this stratum

N/A= V, Method not applicable at this depth
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Figure 18 - Calculable Factors of Safety (FOS) Against Liquefaction -
Stratum N C2 - Site Wide
e ESPT @CPT OVs
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N/A= No CPT data in this stratum

N/A= V Method not applicable at this depth
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Figure 19 - Calculable Factors of Safety (FOS) Against Liquefaction -
Stratum N C3 - Site Wide
OSPT ACPT OVs
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N/A= No CPT data in this stratum

N/A= V; Method not applicable at this depth
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Figure 20 - Caliculable Factors of Safety (FOS) Against Liquefaction -
Stratum N C4 - Site Wide ]
OSPT ACPT OVs
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N/A= No CPT data in this stratum

N/A= V, Method not applicable at this depth
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Figure 21 - Calculable Factors of Safety (FOS) Against Liquefaction -
OSPT ACPT OVs

Stratum N C5 - Site Wide
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N/A= No CPT data in this stratum

N/A= V; Method not applicable at this depth
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Figure 22 - Calculable Factors of Safety (FOS) Against Liquefaction -
Stratum N C6 - Site Wide .
OSPT ACPT OVs
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N/A=No CPT data in this stratum

N/A= V, Method not applicable at this depth
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Figure 23 - Calculable Factors of Safety (FOS) Against Liquefaction -
Stratum N S1 - Site Wide )
OSPT ACPT OVs
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N/A= No CPT data in this stratum

N/A= V, Method not applicable at this depth
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Figure 24 - Calculable Factors of Safety (FOS) Against Liquefaction -
Stratum N S2 - Site Wide
OSPT ACPT OVs
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N/A= No CPT data in this stratum

N/A= V Method not applicable at this depth



RAI 02.05.04-28 U7-C-STP-NRC-090090
Attachment 6
Page 90 of 115

Figure 26 - Calculable Factors of Safety (FOS) Against Liquefaction -
- Sit
Stratum N S4 e Wide OSPT BCPT OVs
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N/A= No CPT data in this stratum

N/A= V Method not applicable at this depth




RAI 02.05.04-28 U7-C-STP-NRC-090090
Attachment 6
Page 91 of 115

Figure 26 - Calculable Factors of Safety (FOS) Against Liquefaction -

Stratum N S5 - Site Wide ;
OSPT &ACPT OVs
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N/A=No CPT data in this stratum

N/A= V, Method not applicable at this depth
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Figure 27 - Calculable Factors of Safety (FOS) Against Liquefaction -

Unit 3 Control Building
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Figure 27 - Calculable Factors of Safety (FOS) Against Liquefaction -
Unit 3 Control Building
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Figure 28 - Calculable Factors of Safety (FOS) Against Liquefaction -
OSPT ACPT OVs

Unit 4 Control Building
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Figure 29 - Calculable Factors of Safety (FOS) Against Liquefaction -
OSPT #CPT Vs

Unit 3 Diesel Generator Fuel Storage Vaults
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Figure 30 - Calculable Factors of Safety (FOS) Against Liquefaction -
Unit 4 Diesel Generator Fuel Storage Vaults OSPT BCPT 0OVs
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Figure 31 - Calculable Factors of Safety (FOS) Against Liquefaction -
Unit 3 RSW Pump House
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Figure 32 - Calculable Factors of Safety (FOS) Against Liquefaction -

Unit 4 RSW Pump House
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Figure 33 - Calculable Factors of Safety (FOS) Against Liquefaction -

Unit 3 Reactor Building
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Figure 34 - Calculable Factors of Safety (FOS) Against Liquefaction -
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Attachment 6

Page 99 of 115

i

I
]

c"?

&

7
o .&‘o&

&

iy,
k%‘.

s

%
,c%‘_

Q”posv,
e

LS
%v,&

)

z
o "%"'os

% of Count

7
< g,
29 %

2.0%

0.0%

0.0%

0.0%

00%

CPT

% of Count

NiA
00%

00%

A
0.0%

NA
0.0%

NA
00%

NA
00%

Vs

% of Count

0.0%

18%

0.0%

0.0%

0.0%

31%

00%

N/A= No CPT data at this structure




RAI 02.05.04-28

U7-C-STP-NRC-090090

Figure 35 - Calculable Factors of Safety (FOS) Against Liquefaction -
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Figure 36 - Calculable Factors of Safety (FOS) Against Liquefaction -
Unit 4 RSW Tunnel

Attachment 6
Page 101 of 115

OSPT @CPT OVs

£

7-.}

2, ‘QS‘_

&

&
P%v,
9

SPT

% of Count

7 -|

00%

7
> (S
FUO

1.0%

7
_| ",
O N

1.0%

CPT

Count
% of Count

NiA
0.0%

NA
0 0%

NA
0.0%

NA
0.0%

NiA
0.0%

Vs

% of Count

NA

0.0%

NA
00%

NA
0 0%

NA
0.0%

A
00%

00%

o Lle @ 2
o glo oz . 2
g 53 5|z 8 Ty,

N/A= No V;, data at this structure

N/A= No CPT data at this structure




RAI 02.05.04-28 U7-C-STP-NRC-090090
Attachment 6
Page 102 of 115

Figure 37 - Calculable Factors of Safety (FOS) Against Liquefaction -

Unit 3 Ultimate Heat Sink COSPT CPT OVs
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Figure 38 - Calculable Factors of Safety (FOS) Against Liquefaction -
OSPT ACPT OVs

Unit 4 Ultimate Heat Sink
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