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C .
1 

2 

3 REASONS FOR REV 2 
4 Add calculation of average values of ranges of Vp and Vs reported by Geosphere Midwest 
S 

(1997) 
7 

S 

9 

10 REASONS FOR REV 1 

"I I Remove "Requires Confirmation" re: 
12 

13 * Geosphere Midwest preliminary results from geophysical surveys 
'3 

14 0 Strain-compatible properties based on soil amplification analyses 

5 * Cask weights revised from 300 K to 354 K, based on p C3 of Calc 05996.01 -G(B)-05 
16 
17 Rev 0.  

Is 

19 

20 

2 1 OBJECTIVE 
22 

23 
24 Document the bases for recommended values of geotechnical parameters required for use in 
24 

25 seismic analyses. These include low-strain values of: 

26 shear wave velocity, 
2? 

28 compression wave velocity, 

29 Poisson's ratio, 
30 

shear modulus, 
31 

32 compression modulus, 
33 elastic modulus, 
34 

35 

36 and strain-compatible values of: 
3? shear modulus, 
38 

39 compression modulus, 
40 Poisson's ratio, 
41 

elastic modulus, and 
42 

43 modulus of subgrade reaction.  
44 

45 

46
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1 

2 

3 BACKGROUND 
4 

S 

6 Preliminary estimates of these geotechnical parameters were provided to Holtec International 

7 via Letter No. S-V-41, dated 10/16/96. Since then, geotechnical borings, laboratory testing, 
a 

9 and seismic refraction and reflection surveys have been performed and Geomatrix 
9 

,0 Consultants, Inc has prepared Calc 05996.01-G(P05)-1, which documents the bases for the 

"I I strain-compatible soil properties. The purpose of this calculation is to review and revise, if 
12 

13 necessary, the preliminary estimates of these geotechnical parameters.  

14 

15 

16 

17 METHOD/ASSUMPTIONS 
18 

' 9 
20 Methods and assumptions are identified below under the discussion of the development of 

2 1 each geotechnical parameter.  
22 

23 

24 SOURCES OF DATA 

25 

26 

27 9 Boring logs and laboratory test results are included in PFSF Report No. 05996.01-G(B)-2 

28 Rev 0, "Geotechnical Data Report.' 

29 0 Seismic survey results, provided by Geosphere, Inc, are included in PFSF Report No.  
30 

3 1 05996.1-G(PO9)-1 Rev 0, "Seismic Survey of the Private Fuel Storage Facility." 

32 • Soil amplification analyses are performed and strain-compatible soil properties are 

33 reported in Calc 05996.01-G(P05)-1 Rev 0, "Development of Soil and Foundation 
34 

35 Parameters in Support of Dynamic Soil-structure Interaction Analyses," prepared by 

36 Geomatrix Consultants, Inc,.  
37 
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42 
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1 

2 

3 DISCUSSION 
4 

5 

6 Generalized Subsurface Profile 

7 The soil profile at the site was investigated by drilling a series of exploratory borings up to 
8 

100 ft deep, as well as by performing seismic refraction (S and P-wave) and reflection 

1o surveys. Standard Penetration Test (SPT) samples were obtained at 5 ft intervals in these 
"I borings. Based on these borings, the generalized soil profile, shown in Figure 1, consists 

'2 

of three layers. The uppermost layer extends to a depth of between 25 and 35 ft and is 

14 mainly interlayered silt, silty clay, and clayey silt. The silts are nonplastic, whereas the 
'5 
16 clayey silts and silty clays are commonly slightly to moderately plastic, with some being 
16 

17 highly plastic. SPT N-values are mostly between 8 and 20 blows per ft, indicating "stiff" 

18 or "medium dense" materials. Most samples were dry or damp. These materials probably 
19 

20 represent deeper water facies of Lake Bonneville.  

21 

22 A distinct change in material occurs at about 25 to 35 ft. SPT N-values commonly exceed 
23 

24 100 blows per ft, and refusal (> 100 blows per 6 in.) conditions are often encountered.  

25 The upper 25 to 30 ft consists of very dense, dry, fine sand. Thin layers of fine gravel 
26 
27 and coarse sand also are evident, indicating a near-shore environment of deposition. A 
27 

28 few clayey zones were encountered, but they had no apparent effect on the blow counts.  

29 

30 

The two borings that were drilled to a depth of 100 ft (Borings A-1 and D-4) indicate that 

32 this layer is underlain by very dense silt, with occassional layers of silty sand and clayey 

33 silt. SPT N-values generally indicate refusal (> 100 blows per 6 in.) conditions.  
34 

35 

36 The groundwater table was not encountered in the borings, which were completed to 100 
37 

ft depth. Seismic refraction results indicate the compression wave (P-wave) velocity 38 

39 changes from an average of 2,780 fps to an average of 5,525 fps at about 100 to 130 ft 
40 depth, which may represent the water table.  
41 
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1 

2 

3 These borings did not encounter bedrock; however, interpretation of the seismic reflection 

4 survey data indicates that the depth to bedrock is between 520 ft and 880 ft below the 
5 

6 surface at the site in the vicinity of the Storage Facility.  

7 

8 

Geotechnical Laboratory Tests 

,0 Geotechnical laboratory tests were performed on undisturbed samples obtained in these 

"i borings. These included determination of water content, Atterberg Limits, percent fines, 

'2 

and specific gravity. Unconsolidated-undrained triaxial compression tests and 

14 consolidation tests also were performed. See Report No. 05996.O1-G(B)-2 Rev 0 for 
1 5 

additional details about these tests.  
16 

17 

[a Unconsolidated-undrained triaxial tests were performed on two undisturbed tube samples 

' 9 

of the clayey silt, obtained from depths of 10 to 12 ft. Figure 2 presents the results of 

2 these tests plotted as maximum shear stress vs normal stress and indicates that the 

22 undrained shear strength of this clayey silt is 2.2 to 2.4 ksf. See Report No. 05996.01

23 

24 G(B)-2 Rev 0 for additional details.  

25 

26 

27 A total of 5 consolidation tests were performed on undisturbed tube samples from Borings 
28 

229 C-1 and C-2. The strain vs log stress plots, included as Figures 3A to 3D, indicate that 

30 the maximum past pressure of this clayey silt is approximately 3 tsf. These plots also 

31 indicate that after exceeding the maximum past pressure, the secondary compression is 

32 

33 significant. The large secondary compression may be due to deformation of a weakly 

34 cemented structure of the silt.  
35 

36 

37 Strain-Compatible Soil Properties 

38 Soil amplification analyses are performed and strain-compatible soil properties are reported in 
39 

40 Caic 05996.01-G(PO5)-1 Rev 0, "Development of Soil and Foundation Parameters in Support 

41 of Dynamic Soil-structure Interaction Analyses," prepared by Geomatrix Consultants, Inc,.  
42 The results of this calculation are summarized in Attachment A, Transmittal from Chin Man 
43 

4 , Mok of Geomatrix Consultants, Inc, to Stan Macie, dated March 28, 1997.  
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As a result of this condition, bulk modulus values approaching 

that of water (i.e., approximately 320,000 psi) should be used in 
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CONCLUSIONS 

Table 1 presents the average P-wave and S-wave velocities reported by Geosphere Midwest 

(in PFSF Report 0599601-G(P09)-1 Rev 0), as well as low-strain values of various moduli, 

which were computed based on these data.  

Attachment A presents a summary of the strain-compatible soil parameters, which were 

developed by Geomatrix Consultants, Inc, in PFSF Calc 05996.01-G(P05)-1, Rev 0.  

The coefficient of vertical subgrade reaction is: 

k, =60 t/ft3 - 2._ K/V--•S 
1'x1" 

k, = 20 k/ft 3 

15'x&4'
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TABLE 1 

SUMMARY OF GEOTECHNICAL PARAMETERS 
REQUIRED FOR DYNAMIC ANALYSES 

Private Fuel Storage Facility - Skull Valley, Utah

Vicinity of Storage Facility Layer 1 Layer 2 Layer 3 Layer 4 

Geotechnical Parameter z < 30' 30' < z < 60' 60' < z < 120' z > 120' 

Low-strain values of: 
Shear wave velocity ft/sec 750 2,110 

Compressional wave velocity ft/sec 1,550 2,780 5,525 

Poisson's ratio 0.35 0.3 -0.5 
Shear modulus ksf 1,400 17,280 

Elastic modulus ksf 3,780 44,940 
Constrained modulus ksf 6,070 60,490 118,500 

Bulk modulus ksf 4,200 37,450 46,080 

Moist unit weight pcf 80 1 25 1 25 130 

Geosphere Midwest (1997) reported that compressional wave velocities along Seismic Line 3 were significantly higher 
than the average values recorded along Seismic Lines 1 and 2 and the depths to the bottoms of these layers were 
greater along Seismic Line 3. Seismic Line 3 is in the vicinity of the Operations & Maintenance Buildings and the 
western end of the Access Road. The following table presents average values of P-wave velocitiesreported by 
Geosphere Midwest (1997) for Seismic Line 3: keA & ;ý&Ases oQ • v-s 

Vicinity of Op's & Maintenance Bldg Layer 1 Layer 2 & 3 Layer 4 

Geotechnical Parameter z < 50' 50' < z < 130' z > 130' 

Low-strain values of: 
Compressional wave velocity ft/sec 1610 2850 5650
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TABLE 2 

PFSF Storage Facility 
Seismic Velocities from Geosphere Midwest Report, February 1997 

Average Values Based on Ranges Reported by Geosphere 

GEOTECHNICAL Layer I Layer 2 Layer 3 Layer 4 

PARAMETER z < 30' 30' < z < 60' 60' < z < 120' z > 120' 

Line 1 VP Maximum 1300 3475 5900 

Minimum 1125 2725 5200 

Average 1213 3100 5550 

Line 2 VP Maximum 1550 2725 5900 

Minimum 1150 2200 5100 

Average 1350 2463 5500 

Lines 1 &2 Vp Average 1281 2781 5525 

Line 1 V, Maximum 825 2600 

Minimum 725 1750 

Average 775 2175 

Line 2 V, Maximum 950 2425 

Minimum 700 1675 

Average 825 2050 

Lines 1&2 V, Average 800 2113
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1.0 10.0

10.0 

VERTICAL STRESS (tsf)

SAMPLE INFORMATION: 
BORING: 
SAMPLE: 
DEPTH: 
DESCRIPTION: 

SPECIMEN INFORMATION: 
WATER CONTENT: 
DRY UNIT WEIGHT: 
VOID RATIO: 
SATURATION:

C-1 
U-3B 
10.8 ft 

Clayey SILT 

IN ITIA L 
30.3 % 
64.7 pcf 

1.625 
50.7 %

DATE: 
TESTED BY: 
CHECKED:

FINAL 
28.7 % 
73.4 pcf 

1.315 
59.3 %

1/9197 
ACS 
PJT

SPECIFIC GRAVITY: 
2.72 (est)

NOTE: Sample was not inundated and porous stones were dry

PRIVATE FUEL STORAGE FACILITY 

SKULL VALLEY 
PRIVATE FUEL STORAGE, LLC

4.

STONE & WEBSTER ENGINEERING CORP.  

Lz \ BOSTON, MASSACHUSETTS

F,..( - -3A -

CONSOUDATION TEST RESULTS 

BORING C-1, SAMPLE U-3B
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VERTICAL STRESS (tsf)

SAMPLE INFORMATION: 
BORING: 
SAMPLE: 
DEPTH: 
DESCRIPTION:

C-1 
U-3C 
11.2 ft

Clayey SILT

DATE: 
TESTED BY: 
CHECKED:

SPECIMEN INFORMATION: 
WATER CONTENT: 
DRY UNIT WEIGHT: 
VOID RATIO: 
SATURATION:

IN ITIA L 
38.9 % 
55.8 pcf 

2.041 
51.8 %

FINAL 
51.9 % 
68.4 pcf 

1.484 
95.2 %

SPECIFIC GRAVITY: 
2.72

NOTE: Sample was not inundated and porous stones were moist

PRIVATE FUEL STORAGE FACILITY 
SKULL VALLEY 

PRIVATE FUEL STORAGE, LLC

STONE & WEBSTER ENGINEERING CORP.  

BOSTON, MASSACHUSETTS

CONSOLIDATION TEST RESULTS 

BORING C-1, SAMPLE U-3C
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VERTICAL STRESS (tsf)

SAMPLE INFORMATION: 
BORING: 
SAMPLE: 
DEPTH: 
DESCRIPTION:

C-1 
U-3D 
11.4 ft 

Clayey SILT

DATE: 
TESTED BY: 
CHECKED:

SPECIMEN INFORMATION: 
WATER CONTENT: 
DRY UNIT WEIGHT: 
VOID RATIO: 
SATURATION:

IN ITIA L 
46.7 % 
51.7 pcf 

2.285 
55.6 %

FINAL 
62.4 % 
64.1 pcf 

1.649 
103.0 %

SPECIFIC GRAVITY: 
2.72

NOTE: Sample was inundated when the applied pressure was 0.5 tsf.

PRIVATE FUEL STORAGE FACILITY 
SKULL VALLEY 

PRIVATE FUEL STORAGE, LLC

STONE & WEBSTER ENGINEERING CORP.  

BOSTON, MASSACHUSETTS

1;%6U9R1 3C.

CONSOUDATION TEST RESULTS

BORING C-1. SAMPLE U-3D
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VERTICAL STRESS (tsf)

SAMPLE INFORMATION: 
BORING: 
SAMPLE: 
DEPTH: 
DESCRIPTION: 

SPECIMEN INFORMATION: 
WATER CONTENT: 
DRY UNIT WEIGHT: 
VOID RATIO: 
SATURATION:

C-2 
U-2C 
10.9 ft 

Clayey SILT 

INITIAL 
27.6 % 
64.9 pcf 

1.615 
46.4 %

DATE: 
TESTED BY: 
CHECKED:

FINAL 
44.2 % 
76.2 pcf 

1.230 
97.7 %

12117196 
ACS 
PJT

SPECIFIC GRAVITY: 
2.72 (est)

NOTE: Sample was inundated when the applied pressure was 0.5 tsf.

PRIVATE FUEL STORAGE FACILITY 

SKULL VALLEY 
PRIVATE FUEL STORAGE, LLC
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STONE & WEBSTER ENGINEERING CORP. CONSOUDATION TEST RESULTS 
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NOTEb MAY 8 1997, r.J.,

STONE & WEBSTER ENGINEERING CORPORATION 

CALCULATION SHEET
jom 

CALCULATION IDENTIFICATION NUMBER 

J.O. OR W.O. NO. I DIVISION & GROUP CALCULATION NO. IOPTIONAL TASK CODE PAGE 35 

05996.01 G(B) 01 - 1
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GEOMATRIX

TRANSMITTAL

GEOMATRIX CONSULTANTS, INC.  
Tel: (415) 434-9400 
Fax: (415) 434-1365 or (415) 434-3216

Business Address: 
100 Pine Street, 10th Floor 
San Francisco, CA 94111

(I Page~s) including this page)

March 28, 1997

Stan Macie 
Stone and Webster Engineering Corporation 
Denver Operations Center 
7677 East Berry Avenue 
Englewood, CO 80111-2137 
Phone: (303) 741-7305 
Fax: (303) 741-7806

N0oT S.m. MACIE MAR 2b '97 

-1 (,,r'i.

Chin Man Mok

SUBJECT: Soil Parameters for SSI studies 
Skull Valley Private Fuel Storage Facility, Project No. 3801 

The soil parameters on page 2/11 of Section 1.5 are correct. In summary, these parameters for an 

equivalent homogeneous isotropic soil medium are:

shear modulus 

Young's modulus 

unit weight 

Poisson's ratio 

shear-wave velocity 

compressional-wave velocity 

shear-wave damping 

compressional-wave velocity

= G 
- E 

- p 

-= Vs 

=- VP 

= b, 
= bp

= 668 

= 1915 

= 81 

= 0.433 

= 515 

- 1500 

= 11 
= 10

Please call us if you have any questions regarding these dynamic soil parameters, or if you need 

additional information.  

Gecimatrix Consultants, Inc.  
Engqn . Geoloqqins M i b Ewvonrmwnca.l ,•,*cwuts 
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