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Metric, Seattle, dated 2008. 
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September 1986.  
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RHO-R-34-3, Geologic and Seismic Investigation of the PUREX Building Site near Richland, Washington, 
prepared for Vitro Engineering Corporation, Richland, Washington, dated March 1981, prepared 
by URS/John A. Blume and Associates, Engineers.  

Shannon & Wilson, Inc. (2015) Geotechnical Engineering Study—West Replacement Footings for 324 
Building ‘B’ Cell Excavation, Hanford Reservation, Washington. Submitted to Kurion, Inc. 22-1-
03078-010. February 27. 
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EXHIBIT B – QA/QC LiDAR PROFILES LOCATION 

 

CHPRC-03365, REV. 0

239

WA7890008967 
PUREX Storage Tunnels 

Chapter 4B.243



  
SEATTLE 
 

EXHIBIT C – LiDAR FLIGHT LINE COVERAGE 
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• Number of Tiles within project area: 343 

• Tile size: 750m 
 

  
SEATTLE 
 

EXHIBIT E –TILE LAYOUT 
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EXHIBIT E –TILE LAYOUT 

Number of Tiles within project area: 343 

Tile size: 750m 

LIDAR TILES NEEDED
TO SUPPORT PUREX
TUNNEL NO. 1 AND
TUNNEL NO. 2
EVALUATION (153, 154,
177, 178)

SEATTLE
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Calculation Title: 
PUREX Tunnel 2 

Engineering Evaluation 

          Project Number: 693839.BS 
          Project: PUREX Tunnel 2 
          Client: CHPRC 

 
 

 

 

 

 

Attachment C 

Earth Pressure Recommendations 
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Tunnel 2 Soil Loading
Prepared by:  M. Kacmarcik 6/12/2017
Reviewed by: Y. Bougataya 6/13/2017

Embankment Soil Unit Weight 110 pcf Range is 105 to 115

Internal Friction Angle of Cover Soil 30 deg

At‐Rest Lateral Earth Pressure Coefficient 0.5 ‐‐ Horizontal ground surface

Snow Load 15 psf Provided by Structural Engineer

Location of Wales around Tunnel Perimeter (angle from vertical):

Deg Min Sec Dec Deg Cum Deg Loc

0 0 0 0.00 0.0 Crown
4 2 17 4.04 4.0 Wale No. 1

16 50 56 16.85 20.9 Wale No. 2

16 50 56 16.85 37.7 Wale No. 3

16 50 56 16.85 54.6 Wale No. 4

16 50 56 16.85 71.4 Wale No. 5

18 33 59 18.57 90.0 Springline

POSITION OF WALES AROUND PERIMETER OF TUNNEL (adapted from 1962 design drawings ):

EXAMPLE OF SOIL PRESSURE DISTRIBUTION ON TUNNEL SEGMENTS PROVIDED BY STRUCTURAL ENGINEER:
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TUNNEL NO. 2 
STA 3+32.34

Point No.
Height of Soil Fill 

(feet)
Vertical Effective 

Stress (psf)

Average Ground 
Surface Slope 

(deg from 
horizontal)

Adjusted At‐Rest 
Earth Pressure 
Coefficient, Koi

Horizontal Lateral 
Earth Pressure 

(psf)
Angle from 

Horizontal (deg)
Angle from 

Horizontal (rad)

Normal Stress 
component of 

Vertical Effective 
Stress (psf)

Normal Stress 
component of 

Horizontal Lateral 
Earth Pressure 

(psf)

Normal Stress 
Component of 

Snow Load due to 
Vertical and 
Horizontal 

Componentsl 
(psf)

Total Normal 
Stress on Tunnel 

at Wale(psf)

Segment Average 
Orthogonal 

Soil Pressure 
(psf)

E. SPRINGLINE 23.7 2607.0 0.0 0.50 1303.5 0.0 0.00 0.0 1303.5 7.5 1311.0 W6 EAST 1463.3
E. WALE 5 18.4 2024.0 0.0 0.50 1012.0 18.6 0.32 644.4 959.3 11.9 1615.7 W5 EAST 1586.1
E. WALE 4 14.2 1562.0 0.0 0.50 781.0 35.4 0.62 905.2 636.5 14.8 1556.5 W4 EAST 1456.1
E. WALE 3 11.1 1221.0 0.0 0.50 610.5 52.3 0.91 965.6 373.6 16.5 1355.7 W3 EAST 1212.4
E. WALE 2 8.6 946.0 0.0 0.50 473.0 69.1 1.21 883.8 168.6 16.7 1069.2 W2 EAST 962.6
E. WALE 1 7.4 814.0 0.0 0.50 407.0 86.0 1.50 812.0 28.7 15.5 856.1 W1 847.1
CROWN 7.4 814.0 0.0 0.50 407.0 90.0 1.57 814.0 0.0 15.0 829.0 W2 WEST 962.6

W. WALE 1 7.4 814.0 0.0 0.50 407.0 86.0 1.50 812.0 28.7 15.5 856.1 W3 WEST 1091.3

W. WALE 2 8.6 946.0 0.0 0.50 473.0 69.1 1.21 883.8 168.6 16.7 1069.2 W4 WEST 1151.4

W. WALE 3 10.0 1100.0 19.0 0.34 370.9 52.3 0.91 869.9 227.0 16.5 1113.4 W5 WEST 1169.2

W. WALE 4 12.5 1375.0 19.0 0.34 463.7 35.4 0.62 796.8 377.9 14.8 1189.5 W6 WEST 969.6

W. WALE 5 16.2 1782.0 19.0 0.34 600.9 18.6 0.32 567.4 569.6 11.9 1148.9

W. SPRINGLINE 21.1 2321.0 19.0 0.34 782.7 0.0 0.00 0.0 782.7 7.5 790.2

TUNNEL NO. 2 
STA 4+00

Point No.
Height of Soil Fill 

(feet)
Vertical Effective 

Stress (psf)

Average Ground 
Surface Slope 

(deg from 
horizontal)

Adjusted At‐Rest 
Earth Pressure 
Coefficient, Koi

Horizontal Lateral 
Earth Pressure 

(psf)
Angle from 

Horizontal (deg)
Angle from 

Horizontal (rad)

Normal Stress 
component of 

Vertical Effective 
Stress (psf)

Normal Stress 
component of 

Horizontal Lateral 
Earth Pressure 

(psf)

Normal Stress 
Component of 

Snow Load due to 
Vertical and 
Horizontal 

Componentsl 
(psf)

Total Normal 
Stress on Tunnel 

at Wale(psf)

Segment Average 
Orthogonal 

Soil Pressure 
(psf)

E. SPRINGLINE 18.6 2046.0 24.0 0.30 606.9 0.0 0.00 0.0 606.9 7.5 614.4 W6 EAST 768.2
E. WALE 5 13.8 1518.0 24.0 0.30 450.3 18.6 0.32 483.3 426.9 11.9 922.1 W5 EAST 933.7
E. WALE 4 10.3 1133.0 24.0 0.30 336.1 35.4 0.62 656.6 273.9 14.8 945.3 W4 EAST 924.8
E. WALE 3 8.3 913.0 24.0 0.30 270.8 52.3 0.91 722.0 165.8 16.5 904.2 W3 EAST 968.3
E. WALE 2 8.3 913.0 0.0 0.50 456.5 69.1 1.21 853.0 162.8 16.7 1032.4 W2 EAST 995.4
E. WALE 1 8.3 913.0 0.0 0.50 456.5 86.0 1.50 910.7 32.1 15.5 958.4 W1 959.5
CROWN 8.4 924.0 0.0 0.50 462.0 90.0 1.57 924.0 0.0 15.0 939.0 W2 WEST 1074.1

W. WALE 1 8.5 935.0 0.0 0.50 467.5 86.0 1.50 932.7 32.9 15.5 981.1 W3 WEST 1189.0

W. WALE 2 9.4 1034.0 0.0 0.50 517.0 69.1 1.21 966.1 184.3 16.7 1167.1 W4 WEST 1228.0

W. WALE 3 11.0 1210.0 21.0 0.32 388.2 52.3 0.91 956.9 237.6 16.5 1210.9 W5 WEST 1220.8

W. WALE 4 13.3 1463.0 21.0 0.32 469.4 35.4 0.62 847.8 382.5 14.8 1245.1 W6 WEST 992.0

W. WALE 5 17.3 1903.0 21.0 0.32 610.5 18.6 0.32 605.9 578.7 11.9 1196.5

W. SPRINGLINE 22.1 2431.0 21.0 0.32 779.9 0.0 0.00 0.0 779.9 7.5 787.4

Normal Stress

Normal Stress
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STA 3+32.34

Normal Stress component of Vertical Effective Stress (psf)

Normal Stress component of Horizontal Lateral Earth Pressure (psf)

Normal Stress Component of Snow Load due to Vertical and Horizontal Componentsl (psf)

Total Normal Stress on Tunnel at Wale(psf)
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Normal Stress Component of Snow Load due to Vertical and Horizontal Componentsl (psf)

Total Normal Stress on Tunnel at Wale(psf)
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TUNNEL NO. 2 
STA 5+00

Point No.
Height of Soil Fill 

(feet)
Vertical Effective 

Stress (psf)

Average Ground 
Surface Slope 

(deg from 
horizontal)

Adjusted At‐Rest 
Earth Pressure 
Coefficient, Koi

Horizontal Lateral 
Earth Pressure 

(psf)
Angle from 

Horizontal (deg)
Angle from 

Horizontal (rad)

Normal Stress 
component of 

Vertical Effective 
Stress (psf)

Normal Stress 
component of 

Horizontal Lateral 
Earth Pressure 

(psf)

Normal Stress 
Component of 

Snow Load due to 
Vertical and 
Horizontal 

Componentsl 
(psf)

Total Normal 
Stress on Tunnel 

at Wale(psf)

Segment Average 
Orthogonal 

Soil Pressure 
(psf)

E. SPRINGLINE 19.7 2167.0 22.0 0.31 677.6 0.0 0.00 0.0 677.6 7.5 685.1 W6 EAST 855.7
E. WALE 5 15.0 1650.0 22.0 0.31 515.9 18.6 0.32 525.4 489.1 11.9 1026.3 W5 EAST 1052.9
E. WALE 4 11.6 1276.0 22.0 0.31 399.0 35.4 0.62 739.4 325.2 14.8 1079.4 W4 EAST 1050.3
E. WALE 3 9.3 1023.0 22.0 0.31 319.9 52.3 0.91 809.0 195.8 16.5 1021.3 W3 EAST 1057.4
E. WALE 2 8.8 968.0 0.0 0.50 484.0 69.1 1.21 904.4 172.6 16.7 1093.6 W2 EAST 1020.3
E. WALE 1 8.2 902.0 0.0 0.50 451.0 86.0 1.50 899.8 31.8 15.5 947.0 W1 933.3
CROWN 8.1 891.0 0.0 0.50 445.5 90.0 1.57 891.0 0.0 15.0 906.0 W2 WEST 1057.0

W. WALE 1 8.2 902.0 0.0 0.50 451.0 86.0 1.50 899.8 31.8 15.5 947.0 W3 WEST 1169.4

W. WALE 2 9.4 1034.0 0.0 0.50 517.0 69.1 1.21 966.1 184.3 16.7 1167.1 W4 WEST 1171.4

W. WALE 3 10.8 1188.0 24.0 0.30 352.4 52.3 0.91 939.5 215.7 16.5 1171.6 W5 WEST 1129.0

W. WALE 4 12.8 1408.0 24.0 0.30 417.7 35.4 0.62 815.9 340.4 14.8 1171.1 W6 WEST 886.6

W. WALE 5 16.3 1793.0 24.0 0.30 531.9 18.6 0.32 570.9 504.2 11.9 1087.0

W. SPRINGLINE 20.8 2288.0 24.0 0.30 678.7 0.0 0.00 0.0 678.7 7.5 686.2

TUNNEL NO. 2 
STA 6+00

Point No.
Height of Soil Fill 

(feet)
Vertical Effective 

Stress (psf)

Average Ground 
Surface Slope 

(deg from 
horizontal)

Adjusted At‐Rest 
Earth Pressure 
Coefficient, Koi

Horizontal Lateral 
Earth Pressure 

(psf)
Angle from 

Horizontal (deg)
Angle from 

Horizontal (rad)

Normal Stress 
component of 

Vertical Effective 
Stress (psf)

Normal Stress 
component of 

Horizontal Lateral 
Earth Pressure 

(psf)

Normal Stress 
Component of 

Snow Load due to 
Vertical and 
Horizontal 

Componentsl 
(psf)

Total Normal 
Stress on Tunnel 

at Wale(psf)

Segment Average 
Orthogonal 

Soil Pressure 
(psf)

E. SPRINGLINE 20.8 2288.0 22.0 0.31 715.5 0.0 0.00 0.0 715.5 7.5 723.0 W6 EAST 908.5
E. WALE 5 16.0 1760.0 22.0 0.31 550.3 18.6 0.32 560.4 521.7 11.9 1094.0 W5 EAST 1123.4
E. WALE 4 12.4 1364.0 22.0 0.31 426.5 35.4 0.62 790.4 347.6 14.8 1152.8 W4 EAST 1135.7
E. WALE 3 10.2 1122.0 22.0 0.31 350.8 52.3 0.91 887.3 214.7 16.5 1118.5 W3 EAST 1148.9
E. WALE 2 9.5 1045.0 0.0 0.50 522.5 69.1 1.21 976.3 186.3 16.7 1179.3 W2 EAST 1102.9
E. WALE 1 8.9 979.0 0.0 0.50 489.5 86.0 1.50 976.6 34.5 15.5 1026.5 W1 1015.7
CROWN 8.9 979.0 0.0 0.50 489.5 90.0 1.57 979.0 0.0 15.0 994.0 W2 WEST 1102.9

W. WALE 1 8.9 979.0 0.0 0.50 489.5 86.0 1.50 976.6 34.5 15.5 1026.5 W3 WEST 1132.7

W. WALE 2 9.5 1045.0 0.0 0.50 522.5 69.1 1.21 976.3 186.3 16.7 1179.3 W4 WEST 1101.5

W. WALE 3 10.0 1100.0 24.0 0.30 326.3 52.3 0.91 869.9 199.7 16.5 1086.1 W5 WEST 1085.5

W. WALE 4 12.2 1342.0 24.0 0.30 398.1 35.4 0.62 777.7 324.4 14.8 1116.9 W6 WEST 865.2

W. WALE 5 15.8 1738.0 24.0 0.30 515.5 18.6 0.32 553.4 488.7 11.9 1054.0

W. SPRINGLINE 20.5 2255.0 24.0 0.30 668.9 0.0 0.00 0.0 668.9 7.5 676.4
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Normal Stress component of Vertical Effective Stress (psf)

Normal Stress component of Horizontal Lateral Earth Pressure (psf)

Normal Stress Component of Snow Load due to Vertical and Horizontal Componentsl (psf)

Total Normal Stress on Tunnel at Wale(psf)
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Normal Stress component of Horizontal Lateral Earth Pressure (psf)

Normal Stress Component of Snow Load due to Vertical and Horizontal Componentsl (psf)

Total Normal Stress on Tunnel at Wale(psf)
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TUNNEL NO. 2 
STA 7+00

Point No.
Height of Soil Fill 

(feet)
Vertical Effective 

Stress (psf)

Average Ground 
Surface Slope 

(deg from 
horizontal)

Adjusted At‐Rest 
Earth Pressure 
Coefficient, Koi

Horizontal Lateral 
Earth Pressure 

(psf)
Angle from 

Horizontal (deg)
Angle from 

Horizontal (rad)

Normal Stress 
component of 

Vertical Effective 
Stress (psf)

Normal Stress 
component of 

Horizontal Lateral 
Earth Pressure 

(psf)

Normal Stress 
Component of 

Snow Load due to 
Vertical and 
Horizontal 

Componentsl 
(psf)

Total Normal 
Stress on Tunnel 

at Wale(psf)

Segment Average 
Orthogonal 

Soil Pressure 
(psf)

E. SPRINGLINE 21.1 2321.0 19.0 0.34 782.7 0.0 0.00 0.0 782.7 7.5 790.2 W6 EAST 962.5
E. WALE 5 16.0 1760.0 19.0 0.34 593.5 18.6 0.32 560.4 562.6 11.9 1134.9 W5 EAST 1162.2
E. WALE 4 12.5 1375.0 19.0 0.34 463.7 35.4 0.62 796.8 377.9 14.8 1189.5 W4 EAST 1167.9
E. WALE 3 10.3 1133.0 19.0 0.34 382.1 52.3 0.91 896.0 233.8 16.5 1146.3 W3 EAST 1150.6
E. WALE 2 9.3 1023.0 0.0 0.50 511.5 69.1 1.21 955.8 182.4 16.7 1154.8 W2 EAST 1079.3
E. WALE 1 8.7 957.0 0.0 0.50 478.5 86.0 1.50 954.6 33.7 15.5 1003.8 W1 985.8
CROWN 8.6 946.0 0.0 0.50 473.0 90.0 1.57 946.0 0.0 15.0 961.0 W2 WEST 1055.3

W. WALE 1 8.6 946.0 0.0 0.50 473.0 86.0 1.50 943.7 33.3 15.5 992.5 W3 WEST 1134.8

W. WALE 2 9.0 990.0 0.0 0.50 495.0 69.1 1.21 924.9 176.5 16.7 1118.1 W4 WEST 1165.9

W. WALE 3 10.4 1144.0 20.0 0.33 376.4 52.3 0.91 904.7 230.3 16.5 1151.5 W5 WEST 1154.2

W. WALE 4 12.5 1375.0 20.0 0.33 452.4 35.4 0.62 796.8 368.7 14.8 1180.3 W6 WEST 946.0

W. WALE 5 16.1 1771.0 20.0 0.33 582.6 18.6 0.32 563.9 552.3 11.9 1128.1

W. SPRINGLINE 20.9 2299.0 20.0 0.33 756.3 0.0 0.00 0.0 756.3 7.5 763.8

TUNNEL NO. 2 
STA 8+00

Point No.
Height of Soil Fill 

(feet)
Vertical Effective 

Stress (psf)

Average Ground 
Surface Slope 

(deg from 
horizontal)

Adjusted At‐Rest 
Earth Pressure 
Coefficient, Koi

Horizontal Lateral 
Earth Pressure 

(psf)
Angle from 

Horizontal (deg)
Angle from 

Horizontal (rad)

Normal Stress 
component of 

Vertical Effective 
Stress (psf)

Normal Stress 
component of 

Horizontal Lateral 
Earth Pressure 

(psf)

Normal Stress 
Component of 

Snow Load due to 
Vertical and 
Horizontal 

Componentsl 
(psf)

Total Normal 
Stress on Tunnel 

at Wale(psf)

Segment Average 
Orthogonal 

Soil Pressure 
(psf)

E. SPRINGLINE 20.9 2299.0 27.0 0.27 627.6 0.0 0.00 0.0 627.6 7.5 635.1 W6 EAST 837.8
E. WALE 5 16.2 1782.0 27.0 0.27 486.5 18.6 0.32 567.4 461.2 11.9 1040.5 W5 EAST 1092.2
E. WALE 4 12.8 1408.0 27.0 0.27 384.4 35.4 0.62 815.9 313.3 14.8 1144.0 W4 EAST 1154.5
E. WALE 3 10.9 1199.0 27.0 0.27 327.3 52.3 0.91 948.2 200.3 16.5 1165.0 W3 EAST 1184.4
E. WALE 2 9.7 1067.0 0.0 0.50 533.5 69.1 1.21 996.9 190.2 16.7 1203.8 W2 EAST 1115.2
E. WALE 1 8.9 979.0 0.0 0.50 489.5 86.0 1.50 976.6 34.5 15.5 1026.5 W1 1008.2
CROWN 8.8 968.0 0.0 0.50 484.0 90.0 1.57 968.0 0.0 15.0 983.0 W2 WEST 1091.1

W. WALE 1 8.8 968.0 0.0 0.50 484.0 86.0 1.50 965.6 34.1 15.5 1015.2 W3 WEST 1170.6

W. WALE 2 9.4 1034.0 0.0 0.50 517.0 69.1 1.21 966.1 184.3 16.7 1167.1 W4 WEST 1200.6

W. WALE 3 10.5 1155.0 18.0 0.35 399.0 52.3 0.91 913.4 244.2 16.5 1174.1 W5 WEST 1209.3

W. WALE 4 12.8 1408.0 18.0 0.35 486.5 35.4 0.62 815.9 396.4 14.8 1227.2 W6 WEST 1009.9

W. WALE 5 16.6 1826.0 18.0 0.35 630.9 18.6 0.32 581.4 598.0 11.9 1191.3

W. SPRINGLINE 21.6 2376.0 18.0 0.35 820.9 0.0 0.00 0.0 820.9 7.5 828.4
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Total Normal Stress on Tunnel at Wale(psf)

0

200

400

600

800

1000

1200

1400

N
or

m
al
 S

tr
es

s (
ps

f)

Tunnel No. 2 Normal Stresses
STA 8+00

Normal Stress component of Vertical Effective Stress (psf)
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Normal Stress Component of Snow Load due to Vertical and Horizontal Componentsl (psf)

Total Normal Stress on Tunnel at Wale(psf)
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TUNNEL NO. 2 
STA 9+00

Point No.
Height of Soil Fill 

(feet)
Vertical Effective 

Stress (psf)

Average Ground 
Surface Slope 

(deg from 
horizontal)

Adjusted At‐Rest 
Earth Pressure 
Coefficient, Koi

Horizontal Lateral 
Earth Pressure 

(psf)
Angle from 

Horizontal (deg)
Angle from 

Horizontal (rad)

Normal Stress 
component of 

Vertical Effective 
Stress (psf)

Normal Stress 
component of 

Horizontal Lateral 
Earth Pressure 

(psf)

Normal Stress 
Component of 

Snow Load due to 
Vertical and 
Horizontal 

Componentsl 
(psf)

Total Normal 
Stress on Tunnel 

at Wale(psf)

Segment Average 
Orthogonal 

Soil Pressure 
(psf)

E. SPRINGLINE 20.7 2277.0 24.0 0.30 675.4 0.0 0.00 0.0 675.4 7.5 682.9 W6 EAST 875.1
E. WALE 5 16.0 1760.0 24.0 0.30 522.1 18.6 0.32 560.4 494.9 11.9 1067.2 W5 EAST 1101.1
E. WALE 4 12.4 1364.0 24.0 0.30 404.6 35.4 0.62 790.4 329.7 14.8 1135.0 W4 EAST 1131.9
E. WALE 3 10.4 1144.0 24.0 0.30 339.3 52.3 0.91 904.7 207.7 16.5 1128.9 W3 EAST 1154.1
E. WALE 2 9.5 1045.0 0.0 0.50 522.5 69.1 1.21 976.3 186.3 16.7 1179.3 W2 EAST 1097.2
E. WALE 1 8.8 968.0 0.0 0.50 484.0 86.0 1.50 965.6 34.1 15.5 1015.2 W1 997.0
CROWN 8.7 957.0 0.0 0.50 478.5 90.0 1.57 957.0 0.0 15.0 972.0 W2 WEST 1067.1

W. WALE 1 8.7 957.0 0.0 0.50 478.5 86.0 1.50 954.6 33.7 15.5 1003.8 W3 WEST 1127.4

W. WALE 2 9.1 1001.0 0.0 0.50 500.5 69.1 1.21 935.2 178.4 16.7 1130.3 W4 WEST 1152.2

W. WALE 3 10.1 1111.0 19.0 0.34 374.6 52.3 0.91 878.6 229.3 16.5 1124.4 W5 WEST 1168.0

W. WALE 4 12.4 1364.0 19.0 0.34 460.0 35.4 0.62 790.4 374.9 14.8 1180.1 W6 WEST 973.1

W. WALE 5 16.3 1793.0 19.0 0.34 604.6 18.6 0.32 570.9 573.2 11.9 1155.9

W. SPRINGLINE 21.1 2321.0 19.0 0.34 782.7 0.0 0.00 0.0 782.7 7.5 790.2

TUNNEL NO. 2 
STA 10+00

Point No.
Height of Soil Fill 

(feet)
Vertical Effective 

Stress (psf)

Average Ground 
Surface Slope 

(deg from 
horizontal)

Adjusted At‐Rest 
Earth Pressure 
Coefficient, Koi

Horizontal Lateral 
Earth Pressure 

(psf)
Angle from 

Horizontal (deg)
Angle from 

Horizontal (rad)

Normal Stress 
component of 

Vertical Effective 
Stress (psf)

Normal Stress 
component of 

Horizontal Lateral 
Earth Pressure 

(psf)

Normal Stress 
Component of 

Snow Load due to 
Vertical and 
Horizontal 

Componentsl 
(psf)

Total Normal 
Stress on Tunnel 

at Wale(psf)

Segment Average 
Orthogonal 

Soil Pressure 
(psf)

E. SPRINGLINE 20.5 2255.0 23.0 0.30 687.0 0.0 0.00 0.0 687.0 7.5 694.5 W6 EAST 877.5
E. WALE 5 15.7 1727.0 23.0 0.30 526.1 18.6 0.32 549.9 498.7 11.9 1060.5 W5 EAST 1084.0
E. WALE 4 12.0 1320.0 23.0 0.30 402.1 35.4 0.62 764.9 327.7 14.8 1107.5 W4 EAST 1104.8
E. WALE 3 10.1 1111.0 23.0 0.30 338.4 52.3 0.91 878.6 207.1 16.5 1102.2 W3 EAST 1128.5
E. WALE 2 9.3 1023.0 0.0 0.50 511.5 69.1 1.21 955.8 182.4 16.7 1154.8 W2 EAST 1073.6
E. WALE 1 8.6 946.0 0.0 0.50 473.0 86.0 1.50 943.7 33.3 15.5 992.5 W1 978.3
CROWN 8.5 935.0 0.0 0.50 467.5 90.0 1.57 935.0 0.0 15.0 950.0 W2 WEST 1061.4

W. WALE 1 8.6 946.0 0.0 0.50 473.0 86.0 1.50 943.7 33.3 15.5 992.5 W3 WEST 1113.6

W. WALE 2 9.1 1001.0 0.0 0.50 500.5 69.1 1.21 935.2 178.4 16.7 1130.3 W4 WEST 1152.6

W. WALE 3 9.8 1078.0 18.0 0.35 372.4 52.3 0.91 852.5 227.9 16.5 1096.9 W5 WEST 1192.7

W. WALE 4 12.6 1386.0 18.0 0.35 478.9 35.4 0.62 803.2 390.3 14.8 1208.2 W6 WEST 999.0

W. WALE 5 16.4 1804.0 18.0 0.35 623.3 18.6 0.32 574.4 590.8 11.9 1177.1

W. SPRINGLINE 21.4 2354.0 18.0 0.35 813.3 0.0 0.00 0.0 813.3 7.5 820.8

Normal Stress

Normal Stress

0

200

400

600

800

1000

1200

1400

N
or

m
al
 S

tr
es

s (
ps

f)

Tunnel No. 2 Normal Stresses
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Normal Stress component of Vertical Effective Stress (psf)

Normal Stress component of Horizontal Lateral Earth Pressure (psf)

Normal Stress Component of Snow Load due to Vertical and Horizontal Componentsl (psf)

Total Normal Stress on Tunnel at Wale(psf)

0

200

400

600

800

1000

1200

1400

N
or

m
al
 S

tr
es

s (
ps

f)

Tunnel No. 2 Normal Stresses
STA 10+00

Normal Stress component of Vertical Effective Stress (psf)

Normal Stress component of Horizontal Lateral Earth Pressure (psf)

Normal Stress Component of Snow Load due to Vertical and Horizontal Componentsl (psf)

Total Normal Stress on Tunnel at Wale(psf)
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TUNNEL NO. 2 
STA 11+00

Point No.
Height of Soil Fill 

(feet)
Vertical Effective 

Stress (psf)

Average Ground 
Surface Slope 

(deg from 
horizontal)

Adjusted At‐Rest 
Earth Pressure 
Coefficient, Koi

Horizontal Lateral 
Earth Pressure 

(psf)
Angle from 

Horizontal (deg)
Angle from 

Horizontal (rad)

Normal Stress 
component of 

Vertical Effective 
Stress (psf)

Normal Stress 
component of 

Horizontal Lateral 
Earth Pressure 

(psf)

Normal Stress 
Component of 

Snow Load due to 
Vertical and 
Horizontal 

Componentsl 
(psf)

Total Normal 
Stress on Tunnel 

at Wale(psf)

Segment Average 
Orthogonal 

Soil Pressure 
(psf)

E. SPRINGLINE 20.0 2200.0 24.0 0.30 652.6 0.0 0.00 0.0 652.6 7.5 660.1 W6 EAST 837.3
E. WALE 5 15.2 1672.0 24.0 0.30 496.0 18.6 0.32 532.4 470.2 11.9 1014.4 W5 EAST 1034.0
E. WALE 4 11.5 1265.0 24.0 0.30 375.2 35.4 0.62 733.1 305.8 14.8 1053.7 W4 EAST 1064.5
E. WALE 3 9.9 1089.0 24.0 0.30 323.0 52.3 0.91 861.2 197.7 16.5 1075.4 W3 EAST 1102.9
E. WALE 2 9.1 1001.0 0.0 0.50 500.5 69.1 1.21 935.2 178.4 16.7 1130.3 W2 EAST 1033.0
E. WALE 1 8.1 891.0 0.0 0.50 445.5 86.0 1.50 888.8 31.4 15.5 935.7 W1 937.0
CROWN 8.2 902.0 0.0 0.50 451.0 90.0 1.57 902.0 0.0 15.0 917.0 W2 WEST 1032.1

W. WALE 1 8.3 913.0 0.0 0.50 456.5 86.0 1.50 910.7 32.1 15.5 958.4 W3 WEST 1087.8

W. WALE 2 8.9 979.0 0.0 0.50 489.5 69.1 1.21 914.7 174.5 16.7 1105.9 W4 WEST 1092.7

W. WALE 3 9.7 1067.0 21.0 0.32 342.3 52.3 0.91 843.8 209.5 16.5 1069.8 W5 WEST 1097.9

W. WALE 4 11.9 1309.0 21.0 0.32 419.9 35.4 0.62 758.6 342.2 14.8 1115.6 W6 WEST 905.5

W. WALE 5 15.6 1716.0 21.0 0.32 550.5 18.6 0.32 546.4 521.9 11.9 1080.1

W. SPRINGLINE 20.5 2255.0 21.0 0.32 723.4 0.0 0.00 0.0 723.4 7.5 730.9

TUNNEL NO. 2 
STA 12+00

Point No.
Height of Soil Fill 

(feet)
Vertical Effective 

Stress (psf)

Average Ground 
Surface Slope 

(deg from 
horizontal)

Adjusted At‐Rest 
Earth Pressure 
Coefficient, Koi

Horizontal Lateral 
Earth Pressure 

(psf)
Angle from 

Horizontal (deg)
Angle from 

Horizontal (rad)

Normal Stress 
component of 

Vertical Effective 
Stress (psf)

Normal Stress 
component of 

Horizontal Lateral 
Earth Pressure 

(psf)

Normal Stress 
Component of 

Snow Load due to 
Vertical and 
Horizontal 

Componentsl 
(psf)

Total Normal 
Stress on Tunnel 

at Wale(psf)

Segment Average 
Orthogonal 

Soil Pressure 
(psf)

E. SPRINGLINE 20.6 2266.0 22.0 0.31 708.6 0.0 0.00 0.0 708.6 7.5 716.1 W6 EAST 898.3
E. WALE 5 15.8 1738.0 22.0 0.31 543.5 18.6 0.32 553.4 515.2 11.9 1080.5 W5 EAST 1112.1
E. WALE 4 12.3 1353.0 22.0 0.31 423.1 35.4 0.62 784.1 344.8 14.8 1143.7 W4 EAST 1109.5
E. WALE 3 9.8 1078.0 22.0 0.31 337.1 52.3 0.91 852.5 206.3 16.5 1075.3 W3 EAST 1108.9
E. WALE 2 9.2 1012.0 0.0 0.50 506.0 69.1 1.21 945.5 180.4 16.7 1142.6 W2 EAST 1027.8
E. WALE 1 7.9 869.0 0.0 0.50 434.5 86.0 1.50 866.8 30.6 15.5 912.9 W1 896.0
CROWN 7.7 847.0 0.0 0.50 423.5 90.0 1.57 847.0 0.0 15.0 862.0 W2 WEST 991.0

W. WALE 1 7.9 869.0 0.0 0.50 434.5 86.0 1.50 866.8 30.6 15.5 912.9 W3 WEST 1040.2

W. WALE 2 8.6 946.0 0.0 0.50 473.0 69.1 1.21 883.8 168.6 16.7 1069.2 W4 WEST 1027.9

W. WALE 3 9.3 1023.0 24.0 0.30 303.5 52.3 0.91 809.0 185.7 16.5 1011.2 W5 WEST 1026.2

W. WALE 4 11.4 1254.0 24.0 0.30 372.0 35.4 0.62 726.7 303.2 14.8 1044.6 W6 WEST 830.7

W. WALE 5 15.1 1661.0 24.0 0.30 492.7 18.6 0.32 528.9 467.1 11.9 1007.8

W. SPRINGLINE 19.8 2178.0 24.0 0.30 646.1 0.0 0.00 0.0 646.1 7.5 653.6
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Normal Stress component of Vertical Effective Stress (psf)

Normal Stress component of Horizontal Lateral Earth Pressure (psf)

Normal Stress Component of Snow Load due to Vertical and Horizontal Componentsl (psf)

Total Normal Stress on Tunnel at Wale(psf)
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Normal Stress component of Vertical Effective Stress (psf)

Normal Stress component of Horizontal Lateral Earth Pressure (psf)

Normal Stress Component of Snow Load due to Vertical and Horizontal Componentsl (psf)

Total Normal Stress on Tunnel at Wale(psf)
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TUNNEL NO. 2 
STA 13+00

Point No.
Height of Soil Fill 

(feet)
Vertical Effective 

Stress (psf)

Average Ground 
Surface Slope 

(deg from 
horizontal)

Adjusted At‐Rest 
Earth Pressure 
Coefficient, Koi

Horizontal Lateral 
Earth Pressure 

(psf)
Angle from 

Horizontal (deg)
Angle from 

Horizontal (rad)

Normal Stress 
component of 

Vertical Effective 
Stress (psf)

Normal Stress 
component of 

Horizontal Lateral 
Earth Pressure 

(psf)

Normal Stress 
Component of 

Snow Load due to 
Vertical and 
Horizontal 

Componentsl 
(psf)

Total Normal 
Stress on Tunnel 

at Wale(psf)

Segment Average 
Orthogonal 

Soil Pressure 
(psf)

E. SPRINGLINE 19.7 2167.0 25.0 0.29 625.6 0.0 0.00 0.0 625.6 7.5 633.1 W6 EAST 810.9
E. WALE 5 15.0 1650.0 25.0 0.29 476.3 18.6 0.32 525.4 451.5 11.9 988.8 W5 EAST 1012.7
E. WALE 4 11.4 1254.0 25.0 0.29 362.0 35.4 0.62 726.7 295.0 14.8 1036.5 W4 EAST 1032.0
E. WALE 3 9.5 1045.0 25.0 0.29 301.7 52.3 0.91 826.4 184.6 16.5 1027.5 W3 EAST 1054.5
E. WALE 2 8.7 957.0 0.0 0.50 478.5 69.1 1.21 894.1 170.6 16.7 1081.4 W2 EAST 1002.8
E. WALE 1 8.0 880.0 0.0 0.50 440.0 86.0 1.50 877.8 31.0 15.5 924.3 W1 910.7
CROWN 8.0 880.0 0.0 0.50 440.0 90.0 1.57 880.0 0.0 15.0 895.0 W2 WEST 1003.3

W. WALE 1 7.9 869.0 0.0 0.50 434.5 86.0 1.50 866.8 30.6 15.5 912.9 W3 WEST 1045.0

W. WALE 2 8.8 968.0 0.0 0.50 484.0 69.1 1.21 904.4 172.6 16.7 1093.6 W4 WEST 995.2

W. WALE 3 9.3 1023.0 27.0 0.27 279.3 52.3 0.91 809.0 170.9 16.5 996.4 W5 WEST 960.1

W. WALE 4 11.1 1221.0 27.0 0.27 333.3 35.4 0.62 707.6 271.7 14.8 994.0 W6 WEST 755.1

W. WALE 5 14.4 1584.0 27.0 0.27 432.4 18.6 0.32 504.4 409.9 11.9 926.2

W. SPRINGLINE 19.2 2112.0 27.0 0.27 576.6 0.0 0.00 0.0 576.6 7.5 584.1

TUNNEL NO. 2 
STA 14+00

Point No.
Height of Soil Fill 

(feet)
Vertical Effective 

Stress (psf)

Average Ground 
Surface Slope 

(deg from 
horizontal)

Adjusted At‐Rest 
Earth Pressure 
Coefficient, Koi

Horizontal Lateral 
Earth Pressure 

(psf)
Angle from 

Horizontal (deg)
Angle from 

Horizontal (rad)

Normal Stress 
component of 

Vertical Effective 
Stress (psf)

Normal Stress 
component of 

Horizontal Lateral 
Earth Pressure 

(psf)

Normal Stress 
Component of 

Snow Load due to 
Vertical and 
Horizontal 

Componentsl 
(psf)

Total Normal 
Stress on Tunnel 

at Wale(psf)

Segment Average 
Orthogonal 

Soil Pressure 
(psf)

E. SPRINGLINE 19.9 2189.0 25.0 0.29 631.9 0.0 0.00 0.0 631.9 7.5 639.4 W6 EAST 820.6
E. WALE 5 15.2 1672.0 25.0 0.29 482.7 18.6 0.32 532.4 457.6 11.9 1001.8 W5 EAST 1037.1
E. WALE 4 11.8 1298.0 25.0 0.29 374.7 35.4 0.62 752.2 305.4 14.8 1072.4 W4 EAST 1071.2
E. WALE 3 9.9 1089.0 25.0 0.29 314.4 52.3 0.91 861.2 192.4 16.5 1070.1 W3 EAST 1094.1
E. WALE 2 9.0 990.0 0.0 0.50 495.0 69.1 1.21 924.9 176.5 16.7 1118.1 W2 EAST 1021.2
E. WALE 1 8.0 880.0 0.0 0.50 440.0 86.0 1.50 877.8 31.0 15.5 924.3 W1 914.5
CROWN 8.0 880.0 0.0 0.50 440.0 90.0 1.57 880.0 0.0 15.0 895.0 W2 WEST 984.5

W. WALE 1 8.0 880.0 0.0 0.50 440.0 86.0 1.50 877.8 31.0 15.5 924.3 W3 WEST 1014.3

W. WALE 2 8.4 924.0 0.0 0.50 462.0 69.1 1.21 863.3 164.7 16.7 1044.7 W4 WEST 991.1

W. WALE 3 9.0 990.0 23.0 0.30 301.6 52.3 0.91 782.9 184.6 16.5 984.0 W5 WEST 989.3

W. WALE 4 10.8 1188.0 23.0 0.30 361.9 35.4 0.62 688.4 294.9 14.8 998.2 W6 WEST 819.0

W. WALE 5 14.5 1595.0 23.0 0.30 485.9 18.6 0.32 507.9 460.6 11.9 980.3

W. SPRINGLINE 19.4 2134.0 23.0 0.30 650.1 0.0 0.00 0.0 650.1 7.5 657.6
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TUNNEL NO. 2 
STA 15+00

Point No.
Height of Soil Fill 

(feet)
Vertical Effective 

Stress (psf)

Average Ground 
Surface Slope 

(deg from 
horizontal)

Adjusted At‐Rest 
Earth Pressure 
Coefficient, Koi

Horizontal Lateral 
Earth Pressure 

(psf)
Angle from 

Horizontal (deg)
Angle from 

Horizontal (rad)

Normal Stress 
component of 

Vertical Effective 
Stress (psf)

Normal Stress 
component of 

Horizontal Lateral 
Earth Pressure 

(psf)

Normal Stress 
Component of 

Snow Load due to 
Vertical and 
Horizontal 

Componentsl 
(psf)

Total Normal 
Stress on Tunnel 

at Wale(psf)

Segment Average 
Orthogonal 

Soil Pressure 
(psf)

E. SPRINGLINE 19.8 2178.0 26.0 0.28 611.6 0.0 0.00 0.0 611.6 7.5 619.1 W6 EAST 804.2
E. WALE 5 15.2 1672.0 26.0 0.28 469.5 18.6 0.32 532.4 445.1 11.9 989.3 W5 EAST 1026.7
E. WALE 4 11.8 1298.0 26.0 0.28 364.5 35.4 0.62 752.2 297.1 14.8 1064.0 W4 EAST 1059.1
E. WALE 3 9.8 1078.0 26.0 0.28 302.7 52.3 0.91 852.5 185.3 16.5 1054.2 W3 EAST 1086.2
E. WALE 2 9.0 990.0 0.0 0.50 495.0 69.1 1.21 924.9 176.5 16.7 1118.1 W2 EAST 1026.9
E. WALE 1 8.1 891.0 0.0 0.50 445.5 86.0 1.50 888.8 31.4 15.5 935.7 W1 925.8
CROWN 8.1 891.0 0.0 0.50 445.5 90.0 1.57 891.0 0.0 15.0 906.0 W2 WEST 1008.5

W. WALE 1 8.1 891.0 0.0 0.50 445.5 86.0 1.50 888.8 31.4 15.5 935.7 W3 WEST 1041.0

W. WALE 2 8.7 957.0 0.0 0.50 478.5 69.1 1.21 894.1 170.6 16.7 1081.4 W4 WEST 1013.5

W. WALE 3 9.2 1012.0 24.0 0.30 300.2 52.3 0.91 800.3 183.7 16.5 1000.5 W5 WEST 1010.6

W. WALE 4 11.2 1232.0 24.0 0.30 365.5 35.4 0.62 713.9 297.8 14.8 1026.6 W6 WEST 824.1

W. WALE 5 14.9 1639.0 24.0 0.30 486.2 18.6 0.32 521.9 460.9 11.9 994.6

W. SPRINGLINE 19.8 2178.0 24.0 0.30 646.1 0.0 0.00 0.0 646.1 7.5 653.6

TUNNEL NO. 2 
STA 16+00

Point No.
Height of Soil Fill 

(feet)
Vertical Effective 

Stress (psf)

Average Ground 
Surface Slope 

(deg from 
horizontal)

Adjusted At‐Rest 
Earth Pressure 
Coefficient, Koi

Horizontal Lateral 
Earth Pressure 

(psf)
Angle from 

Horizontal (deg)
Angle from 

Horizontal (rad)

Normal Stress 
component of 

Vertical Effective 
Stress (psf)

Normal Stress 
component of 

Horizontal Lateral 
Earth Pressure 

(psf)

Normal Stress 
Component of 

Snow Load due to 
Vertical and 
Horizontal 

Componentsl 
(psf)

Total Normal 
Stress on Tunnel 

at Wale(psf)

Segment Average 
Orthogonal 

Soil Pressure 
(psf)

E. SPRINGLINE 20.2 2222.0 24.0 0.30 659.1 0.0 0.00 0.0 659.1 7.5 666.6 W6 EAST 847.1
E. WALE 5 15.4 1694.0 24.0 0.30 502.5 18.6 0.32 539.4 476.3 11.9 1027.6 W5 EAST 1063.2
E. WALE 4 12.0 1320.0 24.0 0.30 391.6 35.4 0.62 764.9 319.1 14.8 1098.8 W4 EAST 1081.8
E. WALE 3 9.8 1078.0 24.0 0.30 319.8 52.3 0.91 852.5 195.7 16.5 1064.7 W3 EAST 1085.3
E. WALE 2 8.9 979.0 0.0 0.50 489.5 69.1 1.21 914.7 174.5 16.7 1105.9 W2 EAST 1020.8
E. WALE 1 8.1 891.0 0.0 0.50 445.5 86.0 1.50 888.8 31.4 15.5 935.7 W1 918.3
CROWN 8.0 880.0 0.0 0.50 440.0 90.0 1.57 880.0 0.0 15.0 895.0 W2 WEST 990.6

W. WALE 1 8.0 880.0 0.0 0.50 440.0 86.0 1.50 877.8 31.0 15.5 924.3 W3 WEST 1041.9

W. WALE 2 8.5 935.0 0.0 0.50 467.5 69.1 1.21 873.6 166.7 16.7 1056.9 W4 WEST 1035.3

W. WALE 3 9.4 1034.0 23.0 0.30 315.0 52.3 0.91 817.7 192.8 16.5 1027.0 W5 WEST 1022.0

W. WALE 4 11.3 1243.0 23.0 0.30 378.7 35.4 0.62 720.3 308.6 14.8 1043.7 W6 WEST 834.0

W. WALE 5 14.8 1628.0 23.0 0.30 495.9 18.6 0.32 518.4 470.1 11.9 1000.4

W. SPRINGLINE 19.7 2167.0 23.0 0.30 660.1 0.0 0.00 0.0 660.1 7.5 667.6
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Total Normal Stress on Tunnel at Wale(psf)
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Normal Stress Component of Snow Load due to Vertical and Horizontal Componentsl (psf)

Total Normal Stress on Tunnel at Wale(psf)
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TUNNEL NO. 2 
STA 17+00

Point No.
Height of Soil Fill 

(feet)
Vertical Effective 

Stress (psf)

Average Ground 
Surface Slope 

(deg from 
horizontal)

Adjusted At‐Rest 
Earth Pressure 
Coefficient, Koi

Horizontal Lateral 
Earth Pressure 

(psf)
Angle from 

Horizontal (deg)
Angle from 

Horizontal (rad)

Normal Stress 
component of 

Vertical Effective 
Stress (psf)

Normal Stress 
component of 

Horizontal Lateral 
Earth Pressure 

(psf)

Normal Stress 
Component of 

Snow Load due to 
Vertical and 
Horizontal 

Componentsl 
(psf)

Total Normal 
Stress on Tunnel 

at Wale(psf)

Segment Average 
Orthogonal 

Soil Pressure 
(psf)

E. SPRINGLINE 21.6 2376.0 21.0 0.32 762.3 0.0 0.00 0.0 762.3 7.5 769.8 W6 EAST 972.9
E. WALE 5 17.0 1870.0 21.0 0.32 599.9 18.6 0.32 595.4 568.7 11.9 1176.0 W5 EAST 1205.9
E. WALE 4 13.2 1452.0 21.0 0.32 465.8 35.4 0.62 841.4 379.6 14.8 1235.9 W4 EAST 1218.0
E. WALE 3 10.9 1199.0 21.0 0.32 384.7 52.3 0.91 948.2 235.4 16.5 1200.1 W3 EAST 1177.5
E. WALE 2 9.3 1023.0 0.0 0.50 511.5 69.1 1.21 955.8 182.4 16.7 1154.8 W2 EAST 1056.6
E. WALE 1 8.3 913.0 0.0 0.50 456.5 86.0 1.50 910.7 32.1 15.5 958.4 W1 948.2
CROWN 8.3 913.0 0.0 0.50 456.5 90.0 1.57 913.0 0.0 15.0 928.0 W2 WEST 1001.5

W. WALE 1 8.3 913.0 0.0 0.50 456.5 86.0 1.50 910.7 32.1 15.5 958.4 W3 WEST 1046.1

W. WALE 2 8.4 924.0 0.0 0.50 462.0 69.1 1.21 863.3 164.7 16.7 1044.7 W4 WEST 1095.0

W. WALE 3 9.4 1034.0 19.0 0.34 348.7 52.3 0.91 817.7 213.4 16.5 1047.6 W5 WEST 1138.7

W. WALE 4 12.0 1320.0 19.0 0.34 445.1 35.4 0.62 764.9 362.8 14.8 1142.5 W6 WEST 955.1

W. WALE 5 16.0 1760.0 19.0 0.34 593.5 18.6 0.32 560.4 562.6 11.9 1134.9

W. SPRINGLINE 20.7 2277.0 19.0 0.34 767.8 0.0 0.00 0.0 767.8 7.5 775.3

TUNNEL NO. 2 
STA 18+00

Point No.
Height of Soil Fill 

(feet)
Vertical Effective 

Stress (psf)

Average Ground 
Surface Slope 

(deg from 
horizontal)

Adjusted At‐Rest 
Earth Pressure 
Coefficient, Koi

Horizontal Lateral 
Earth Pressure 

(psf)
Angle from 

Horizontal (deg)
Angle from 

Horizontal (rad)

Normal Stress 
component of 

Vertical Effective 
Stress (psf)

Normal Stress 
component of 

Horizontal Lateral 
Earth Pressure 

(psf)

Normal Stress 
Component of 

Snow Load due to 
Vertical and 
Horizontal 

Componentsl 
(psf)

Total Normal 
Stress on Tunnel 

at Wale(psf)

Segment Average 
Orthogonal 

Soil Pressure 
(psf)

E. SPRINGLINE 20.9 2299.0 23.0 0.30 700.4 0.0 0.00 0.0 700.4 7.5 707.9 W6 EAST 897.5
E. WALE 5 16.1 1771.0 23.0 0.30 539.5 18.6 0.32 563.9 511.4 11.9 1087.2 W5 EAST 1120.1
E. WALE 4 12.5 1375.0 23.0 0.30 418.9 35.4 0.62 796.8 341.4 14.8 1153.0 W4 EAST 1143.7
E. WALE 3 10.4 1144.0 23.0 0.30 348.5 52.3 0.91 904.7 213.3 16.5 1134.5 W3 EAST 1150.8
E. WALE 2 9.4 1034.0 0.0 0.50 517.0 69.1 1.21 966.1 184.3 16.7 1167.1 W2 EAST 1045.7
E. WALE 1 8.0 880.0 0.0 0.50 440.0 86.0 1.50 877.8 31.0 15.5 924.3 W1 922.0
CROWN 8.1 891.0 0.0 0.50 445.5 90.0 1.57 891.0 0.0 15.0 906.0 W2 WEST 965.7

W. WALE 1 8.1 891.0 0.0 0.50 445.5 86.0 1.50 888.8 31.4 15.5 935.7 W3 WEST 983.3

W. WALE 2 8.0 880.0 0.0 0.50 440.0 69.1 1.21 822.2 156.9 16.7 995.7 W4 WEST 1023.8

W. WALE 3 8.7 957.0 19.0 0.34 322.7 52.3 0.91 756.8 197.5 16.5 970.8 W5 WEST 1074.2

W. WALE 4 11.3 1243.0 19.0 0.34 419.2 35.4 0.62 720.3 341.6 14.8 1076.7 W6 WEST 914.3

W. WALE 5 15.1 1661.0 19.0 0.34 560.1 18.6 0.32 528.9 531.0 11.9 1071.7

W. SPRINGLINE 20.2 2222.0 19.0 0.34 749.3 0.0 0.00 0.0 749.3 7.5 756.8
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Normal Stress component of Horizontal Lateral Earth Pressure (psf)

Normal Stress Component of Snow Load due to Vertical and Horizontal Componentsl (psf)

Total Normal Stress on Tunnel at Wale(psf)
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Normal Stress component of Horizontal Lateral Earth Pressure (psf)

Normal Stress Component of Snow Load due to Vertical and Horizontal Componentsl (psf)

Total Normal Stress on Tunnel at Wale(psf)
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TUNNEL NO. 2 
STA 19+00

Point No.
Height of Soil Fill 

(feet)
Vertical Effective 

Stress (psf)

Average Ground 
Surface Slope 

(deg from 
horizontal)

Adjusted At‐Rest 
Earth Pressure 
Coefficient, Koi

Horizontal Lateral 
Earth Pressure 

(psf)
Angle from 

Horizontal (deg)
Angle from 

Horizontal (rad)

Normal Stress 
component of 

Vertical Effective 
Stress (psf)

Normal Stress 
component of 

Horizontal Lateral 
Earth Pressure 

(psf)

Normal Stress 
Component of 

Snow Load due to 
Vertical and 
Horizontal 

Componentsl 
(psf)

Total Normal 
Stress on Tunnel 

at Wale(psf)

Segment Average 
Orthogonal 

Soil Pressure 
(psf)

E. SPRINGLINE 21.3 2343.0 22.0 0.31 732.6 0.0 0.00 0.0 732.6 7.5 740.1 W6 EAST 934.0
E. WALE 5 16.5 1815.0 22.0 0.31 567.5 18.6 0.32 577.9 538.0 11.9 1127.8 W5 EAST 1167.9
E. WALE 4 13.0 1430.0 22.0 0.31 447.2 35.4 0.62 828.7 364.4 14.8 1207.9 W4 EAST 1195.6
E. WALE 3 10.8 1188.0 22.0 0.31 371.5 52.3 0.91 939.5 227.4 16.5 1183.3 W3 EAST 1169.1
E. WALE 2 9.3 1023.0 0.0 0.50 511.5 69.1 1.21 955.8 182.4 16.7 1154.8 W2 EAST 1045.2
E. WALE 1 8.1 891.0 0.0 0.50 445.5 86.0 1.50 888.8 31.4 15.5 935.7 W1 933.3
CROWN 8.1 891.0 0.0 0.50 445.5 90.0 1.57 891.0 0.0 15.0 906.0 W2 WEST 977.1

W. WALE 1 8.3 913.0 0.0 0.50 456.5 86.0 1.50 910.7 32.1 15.5 958.4 W3 WEST 991.2

W. WALE 2 8.0 880.0 0.0 0.50 440.0 69.1 1.21 822.2 156.9 16.7 995.7 W4 WEST 1035.9

W. WALE 3 8.8 968.0 18.0 0.35 334.4 52.3 0.91 765.5 204.7 16.5 986.7 W5 WEST 1099.1

W. WALE 4 11.3 1243.0 18.0 0.35 429.4 35.4 0.62 720.3 350.0 14.8 1085.1 W6 WEST 949.9

W. WALE 5 15.5 1705.0 18.0 0.35 589.1 18.6 0.32 542.9 558.4 11.9 1113.2

W. SPRINGLINE 20.5 2255.0 18.0 0.35 779.1 0.0 0.00 0.0 779.1 7.5 786.6

TUNNEL NO. 2 
STA 20+00

Point No.
Height of Soil Fill 

(feet)
Vertical Effective 

Stress (psf)

Average Ground 
Surface Slope 

(deg from 
horizontal)

Adjusted At‐Rest 
Earth Pressure 
Coefficient, Koi

Horizontal Lateral 
Earth Pressure 

(psf)
Angle from 

Horizontal (deg)
Angle from 

Horizontal (rad)

Normal Stress 
component of 

Vertical Effective 
Stress (psf)

Normal Stress 
component of 

Horizontal Lateral 
Earth Pressure 

(psf)

Normal Stress 
Component of 

Snow Load due to 
Vertical and 
Horizontal 

Componentsl 
(psf)

Total Normal 
Stress on Tunnel 

at Wale(psf)

Segment Average 
Orthogonal 

Soil Pressure 
(psf)

E. SPRINGLINE 22.2 2442.0 17.0 0.35 864.0 0.0 0.00 0.0 864.0 7.5 871.5 W6 EAST 1067.4
E. WALE 5 17.4 1914.0 17.0 0.35 677.2 18.6 0.32 609.4 642.0 11.9 1263.3 W5 EAST 1283.4
E. WALE 4 13.5 1485.0 17.0 0.35 525.4 35.4 0.62 860.6 428.2 14.8 1303.6 W4 EAST 1252.9
E. WALE 3 10.7 1177.0 17.0 0.35 416.4 52.3 0.91 930.8 254.9 16.5 1202.1 W3 EAST 1141.8
E. WALE 2 8.7 957.0 0.0 0.50 478.5 69.1 1.21 894.1 170.6 16.7 1081.4 W2 EAST 985.8
E. WALE 1 7.7 847.0 0.0 0.50 423.5 86.0 1.50 844.9 29.8 15.5 890.2 W1 873.4
CROWN 7.6 836.0 0.0 0.50 418.0 90.0 1.57 836.0 0.0 15.0 851.0 W2 WEST 943.4

W. WALE 1 7.6 836.0 0.0 0.50 418.0 86.0 1.50 833.9 29.4 15.5 878.9 W3 WEST 1010.4

W. WALE 2 8.1 891.0 0.0 0.50 445.5 69.1 1.21 832.4 158.8 16.7 1008.0 W4 WEST 1085.9

W. WALE 3 8.9 979.0 15.0 0.37 362.8 52.3 0.91 774.2 222.0 16.5 1012.7 W5 WEST 1178.5

W. WALE 4 11.8 1298.0 15.0 0.37 481.0 35.4 0.62 752.2 392.0 14.8 1159.0 W6 WEST 1032.8

W. WALE 5 16.1 1771.0 15.0 0.37 656.3 18.6 0.32 563.9 622.2 11.9 1197.9

W. SPRINGLINE 21.1 2321.0 15.0 0.37 860.1 0.0 0.00 0.0 860.1 7.5 867.6
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Normal Stress component of Vertical Effective Stress (psf)

Normal Stress component of Horizontal Lateral Earth Pressure (psf)

Normal Stress Component of Snow Load due to Vertical and Horizontal Componentsl (psf)

Total Normal Stress on Tunnel at Wale(psf)
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Normal Stress component of Vertical Effective Stress (psf)

Normal Stress component of Horizontal Lateral Earth Pressure (psf)

Normal Stress Component of Snow Load due to Vertical and Horizontal Componentsl (psf)

Total Normal Stress on Tunnel at Wale(psf)
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TUNNEL NO. 2 

SUMMARY
Point No. MIN AVG MAX MIN AVG MAX MIN AVG MAX MIN AVG MAX

E. SPRINGLINE 0.0 0.0 0.0 606.9 723.60 1303.5 7.5 7.5 7.5 614.4 731.1 1311.0
E. WALE 5 483.3 556.3 644.4 426.9 527.24 959.3 11.9 11.9 11.9 922.1 1095.4 1615.7
E. WALE 4 656.6 783.4 905.2 273.9 350.70 636.5 14.8 14.8 14.8 945.3 1148.9 1556.5
E. WALE 3 722.0 880.1 965.6 165.8 216.21 373.6 16.5 16.5 16.5 904.2 1112.7 1355.7
E. WALE 2 853.0 934.1 996.9 162.8 178.22 190.2 16.7 16.7 16.7 1032.4 1129.0 1203.8
E. WALE 1 812.0 902.8 976.6 28.7 31.87 34.5 15.5 15.5 15.5 856.1 950.2 1026.5
CROWN 814.0 901.4 979.0 0.0 0.00 0.0 15.0 15.0 15.0 829.0 916.4 994.0

W. WALE 1 812.0 903.4 976.6 28.7 31.89 34.5 15.5 15.5 15.5 856.1 950.8 1026.5
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Bearing Capacity Evaluation
 

PROJECT:  Hanford PUREX Tunnel No. 2 Evalua�on
PROJECT #: 693839.BS.02
CREATED BY: Mark Kacmarcik/CVO DATE: 6/9/2017 MODIFIED: 6/24/2017
REVIEWED BY: Youssef Bougataya/SEA DATE: 6/12/2017

Given: Tunnel No. 2 Design Drawings
Tunnel No. 2 Construction Specification
Tunnel No. 2 Historical Photos

Find: Ultimate Bearing Capacity of Tunnel 2 Strip Footings
Recommended Allowable Bearing Capacity of Tunnel 2 Strip Footings

Assumptions: Noted below in calculation.

References: Coduto, D. Foundation Design. Prentice Hall. New Jersey. 2000.
Gemperline, M.C. 1988. Centrifuge Modeling of Shallow Foundations. Proc, ASCE Spring
Convention. ASCE.
Shields, D., Chandler, N., and Garnier, J. 1990. Bearing Capacity of Foundations in
Slopes. Journal of Geotechnical Engineering, 116 (3), March. 
McCarthy, D. 2002. Essentials of Soil Mechanics and Foundations. 6th Ed. Prentice
Hall.

1.0 Soil Properties

At this time, there is no site specific geotechnical data available. Soil properties are based uon the interpretation of construction

photographs, and from a 1984 Dames and Moore report which provides foundation recommendations for a proposed Process

Facility Modifications approximately 0.25 miles west of the PUREX storage tunnels, in similar subsurface materials.

Original Tunnel 2 Construction Photograph. Original strip footings 6 feet wide cast against undisturbed earth. 
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Subsurface Properties:

From construction photos, undisturbed earth appears to be dense fluvial/glaciofluvial deposits of the Hanford Formation.

Excavation walls stand vertical to near vertical in many places, with some ravelling to angle of repose. There is no apparent

shoring used. There is neither groundwater nor dewatering infrastructure visible, and groundwater is noted to be deep at the

PUREX facility. Photos of footing subgrade are not available. It is assumed that the material beneath the footings is similar to the

material visible at and above the footings. Ravelling may be due to loss of apparent coehsion due to negative pore pressure in

moist soils, or may be attributed to natural cementation. Properties assumed herein should be checked against available geologic

literature and available geotechnical studies in similar materials, if available.

ϕ 34deg:= Internal friction angle, from 1984 Dames and Moore Report

c 0psf:= Effective stress cohesion, from 1984 Dames and Moore Report
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γmoist 125pcf:= Assumed average moist unit weight of in-situ soils.

γwater 62.4pcf:= Unit weight of water.

2.0 Subsurface Profile

The subsurface profile is assumed to be uniform within the depths of stress influence beneath the footings.

The drawings indicate that footings were to be cast against undisturbed earth, this is assumed to be the case.

Groundwater is assumed to be significantly deeper than the footings, and total stresses are equal to effective stresses.

3.0 Footing Geometry

The footings for Tunnel 2 consist of two parallel strip footings.

The footings were initally constructed as strip footings 6.0 feet wide as indicated in CYAN below, then later modified to include 12

foot wide arch support footings (indicated in GREEN below) at 15.8 foot center-to-center spacing.

For analysis footings are treated as individual footings at the spacing of the concrete ribs (15.8 feet) 

 
Typical Plan View of Footing (Original in CYAN, Modification in GREEN)
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Profile View of Footing (Original in CYAN, Modification in GREEN):

4.0 Footing Geometry:
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Due to irregular geometry of footing, determine average width by dividing representative footing area by the footing length.

For Analysis, treat continuous footing as individual footings centered around concrete arch footings.

Bftg.avg
112.5ft

2

15.8ft
7.12 ft=:= Planimetric average footing width

Actual footing surface is inclined convert planimentric average footing width to actual average footing width:
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α 10deg:= Footing inclination

Bftg

Bftg.avg

cos α( )
7.23 ft=:= Actual average footing width, measured along angle α

Lftg 99999999999ft:= Footing length. Extended to represent 2-D plain strain conditions similar to

SLIDE.

β atan
1

1.5









33.7 deg⋅=:= Slope inside tunnel is 1.5H:1V

Dftg 0ft:= Footing depth

σzD Dftg γmoist⋅ 0 psf⋅=:= In-situ vertical effective stress at depth, D
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6.2 Estimate Bearing Capacity Using Vesic's Bearing Capacity Formula:

Footing Parameters for Vesic's Bearing Capacity Formula (adapted from Coduto (2001) Figure 6.8). 

Function to calculate ultimate bearing capacity using Vesic's factors:

qult c Nc⋅ sc⋅ dc⋅ ic⋅ bc⋅ gc⋅ σzD Dftg( ) Nq⋅ sq⋅ dq⋅ iq⋅ bq⋅ gq⋅+ 0.5 γ⋅ B⋅ Nγ⋅ sγ⋅ dγ⋅ iγ⋅ bγ⋅ gγ⋅+:=
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where: sc, sq, sγ = shape factors

dc, dq, dγ = depth factors

ic, iq, iγ = load inclination factors

bc, bq, bγ = base inclination factors

gc, gq, gγ = ground inclination factors

Vesic's Bearing Capacity Factors:

Nq e
π tan ϕ( )

tan 45 deg⋅
ϕ

2
+








2

:= Nq 29.44=

Nc 5.14 ϕ 0=if

Nq 1−

tan ϕ( )
otherwise

:= Nc 42.164=

Nγ 2 Nq 1+( ) tan ϕ( ):= Nγ 41.064=

Vesic's Footing Shape Factors

sc 1.0
Nq

Nc









Bftg

Lftg









+:= sc 1=

sq 1.0
Bftg

Lftg








tan ϕ( )⋅+:= sq 1=

sγ 1.0 0.4
Bftg

Lftg









⋅−:= sγ 1=

Vesic's Depth Factors:

Dftg 0 ft⋅=
k Dftg( )

Dftg

Bftg

Dftg

Bftg

1.0≤if

atan
Dftg

Bftg








otherwise

:=

k Dftg( ) 0=

dc 1 0.4 k Dftg( )⋅+:= dc 1=

dq 1 2 tan ϕ( )⋅ 1 sin ϕ( )−( )
2⋅ k Dftg( )⋅+:= dq 1=

dγ 1.00:= for all φ dγ 1=
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Vesic's Load Inclination Factors:

Total footing load, magnitude is not relevant, used only to establish ratio

of normal to shear forces in calculation of "i" factors below.
Q 400000lbf:=

V 0lbf:= P Q:= For comparision, consider that load is vertical only.

A Bftg Lftg⋅:= Base area of footing

m

2
Bftg

Lftg

+

1
Bftg

Lftg

+

2=:= For load inclination transverse to axis of tunnel

iq 1
V

P
A c⋅
tan ϕ( )

+
−










m

:= iq 1=

iγ 1
V

P
A c⋅
tan ϕ( )

+
−










m 1+
:= iγ 1=
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ic iq

1 iq−

Nc tan ϕ( )⋅









−:= ic 1=

Ground Inclination Factors:

Vesic's factors for accounting for inclined ground surface

β 33.7 deg⋅=
1

tan β( )
1.5= 1.5H:1V slope

gc 1
β

147deg
−:= gc 0.771=

gq 1 tan β( )−( )
2:= gq 0.111=

gγ gq:= gγ 0.111=

Base Inclination Factors:

Vesic's factors for inclined base of footing.

α 10 deg⋅= Angle of inclination of base of footing.

bc 1
α

147deg
−:= bc 0.932=

bq 1
α tan ϕ( )⋅
57deg

−







2

:= bq 0.777=

bγ bq:= bγ 0.777=
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Estimate Ultimate and Allowable Bearing Capacity Using Vesic's Extended Bearing Capacity

Equation:

qult.vesic c Nc⋅ sc⋅ dc⋅ ic⋅ bc⋅ gc⋅ σzD Nq⋅ sq⋅ dq⋅ iq⋅ bq⋅ gq⋅+ 0.5 γmoist⋅ Bftg⋅ Nγ⋅ sγ⋅ dγ⋅ iγ⋅ bγ⋅ gγ⋅+:=

c 0 psf⋅= σzD 0 psf⋅= γmoist 125 pcf⋅= Bftg 7.23 ft=

Nc 42.164= Nq 29.44= Nγ 41.064=

sc 1= sq 1= sγ 1=

dc 1= dq 1= dγ 1=

ic 1= iq 1= iγ 1=

bc 0.932= bq 0.777= bγ 0.777=

gc 0.771= gq 0.111= gγ 0.111=

qult.vesic 1603 psf⋅= Ultimate Bearing Capacity (FS=1.0)

FS 3:= factor of safety recommended for bearing capacity. Higher FS may be justified considering the

poorly-defined subsurface conditions and the consequences of failure

qallow.vesic

qult.vesic

FS
534 psf⋅=:= Allowable Bearing Capacity for noted Factor of Safety

Check using SLIDE 2-D Limit Equilibrium Analysis:

Simplified Geometry Used in SLIDE to Compare to Vesic:
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1.001.00

 1603.00 lbs/f t2

1.001.00

Undisturbed Earth
Unit Weight: 125 lb/ft3
Strength Type: Mohr-Coulomb
Cohesion: 0 psf
Friction Angle: 34 degrees
Water Surface: None
Ru value: 0

34°

7.116

3.558

1.255

30
20
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0
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0
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qult.SLIDE 1603psf:= for FS = 1.0

Comparison of Vesic's method, used herein, and 2D Limit Equilibrium Method in SLIDE produces identical results for similar

loading adjacent to sloping ground surface. Within SLIDE, Spencer's method was used, along with a unit weight of 125 pcf,

an internal friction angle of 34 degrees, a cohesion of 0 psf, vertical footing stresses, footing inclination of 10 degrees, and a

slope angle of 1.5H:1V as shown in the attached screen captures. It was found necessary to move the slope limits to a

distance of B/2 to produce identical results.

Through this exercise, it is concluded that SLIDE is an acceptable tool for evaluating bearing capacity of footings, and can be

used to account for the complex geometry of Tunnel 2.

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END OF CALCULATION
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Tunnel No. 2 Bearing Pressure Evalutation:

Maximum Bearing Pressure is approximately 5600 psf, as interpreted from 2008 LIDAR topography and design tunnel geometry.
Bearing Pressure estimated as weight Tunnel 2 cover soil, using unit weight of soil of 110 pcf, snow load of 15 psf, footing width of 7.5 feet. 
Bearing pressure assumed to act vertically.
Weight of structure and concrete footing not included.
Actual bearing pressures may vary.

Shear strength of Upper Hanford Formation and Hanford Formation from Shannon and Wilson (2015):

Recommended Geotechnical Properties for PUREX Site from Dames and Moore (1984):
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