
C\UTEXAS3\KFGYYE3.OUT
Factor of Safety 1.204 Side Force Inclination 21.58

1 UTEXAS3 - VER. 1.209 - 2/28/98 - C 1985-1998 S. G. WRIGHT
One 1 copy licensed to Parsons I T Cincinnati OH
Date 12 42004 Time 11413 Input file kfgyye3.dat
Kingston 6 Section Y-Y Multi-Stage Run With UTEXAS3
GYPSUM STACK Option 2 Earthquake 0.11g
KIF Wet with Pond Surcharge Included

TABLE NO. 18

INFORMATION FOR CURRENT MODE OF SEARCH - All Circles Are Tangent
to a Horizontal Line at Y 730.000
----------------------------------------------------------------

1-Stage
Center Coordinates Factor Side Force

of Inclination
X Y Radius Safety degrees Iterations

293.00 691.00 -39.00 Center of circle is below lowest

point of slope - CIRCLE REJECTED
593.00 691.00 -39.00 Center of circle is below lowest

point of slope - CIRCLE REJECTED
893.00 691.00 -39.00 Center of circle is below lowest

point of slope - CIRCLE REJECTED
293.00 991.00 261.00 1.898 2.78 5

893.00 991.00 261.00 2.769 10.49 4

293.00 1291.00 561.00 1.753 3.07 6

593.00 1291.00 561.00 1.376 28.98 8

893.00 1291.00 561.00 2.460 12.95 5

543.00 941.00 211.00 1.154 13.43 8

593.00 941.00 211.00 1.183 19.34 8

643.00 941.00 211.00 1.301 18.14 8

543.00 991.00 261.00 1.231 15.07 7

643.00 991.00 261.00 1.289 19.81 8

543.00 1041.00 311.00 1.284 16.82 8

593.00 1041.00 311.00 1.233 23.39 8

643.00 1041.00 311.00 1.289 21.68 8

493.00 891.00 161.00 1.246 6.04 7

543.00 891.00 161.00 1.091 11.87 9

593.00 891.00 161.00 1.183 16.67 8

493.00 941.00 211.00 1.252 6.75 7

493.00 991.00 261.00 1.284 7.51 7

493.00 841.00 111.00 1.372 4.64 7

543.00 841.00 111.00 1.055 10.44 12

593.00 841.00 111.00 1.257 13.56 7

493.00 791.00 61.00 See Message on Next Lines
Last Trial Values 114.000 43.16 1001

Last Trial Values Shown Above Are Not Correct Final Values
FATAL ERROR IN CALCULATING FACTOR OF SAFETY
SOLUTION DID NOT CONVERGE WITHIN1000 ITERATIONS

543.00 791.00 61.00 1.156 8.66 7

Message on the following lines applies to the above circle
DENOMINATOR IN EQUATIONS FOR F WAS SMALL FOR 2 SLICES
FIRST AND LAST SLICES WHERE DENOMINATOR WAS LOW - 1 2

593.00 791.00 61.00 1.662 9.83 6

Message on the following lines applies to the above circle
DENOMINATOR IN EQUATIONS FOR F WAS SMALL FOR 4 SLICES
FIRST AND LAST SLICES WHERE DENOMINATOR WAS LOW - 1 4

513.00 811.00 81.00 1.230 5.78 7

543.00 811.00 81.00 1.068 9.65 8

573.00 811.00 81.00 1.226 11.41 7

513.00 841.00 111.00 1.148 6.99 7

573.00 841.00 111.00 1.110 13.76 9

513.00 871.00 141.00 1.135 7.68 7

543.00 871.00 141.00 1.071 11.30 10
573.00 871.00 141.00 1.100 15.31 8

533.00 831.00 101.00 1.063 9.06 8
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543.00 831.00

553.00 831.00

533.00 841.00

553.00 841.00

533.00 851.00

543.00 851.00

553.00 851.00

101.00 1.055 10.13 10

101.00 1.057 11.42 10

111.00 1.066 9.20 8

111.00 1.054 11.78 11

121.00 1.071 9.42 10

121.00 1.058 10.73 12

121.00 1.057 12.11 11

563.00 831.00 101.00 1.075 12.60 9

563.00 841.00 111.00 1.067 13.02 9

563.00 851.00 121.00 1.065 13.40 10

1

At the end of the current mode of search the most critical

circle which was found has the following-values-X-center553.00 Y-center 841.00 Radius 111.00

Factor of Safety 1.054 Side Force Inclination 11.78

UTEXAS3 - VER. 1.209 - 2/28/98 - C 1985-1998 S. G. WRIGHT

One 1 copy licensed to Parsons I T Cincinnati OH

Date 12 42004 Time 11413 Input file kfgyye3.dat

Kingston 6 Section Y-Y Multi-Stage Run With UTEXAS3

GYPSUM STACK Option 2 Earthquake 0.llg
KIF Wet with Pond Surcharge Included

TABLE NO. 19

INFORMATION FOR CURRENT MODE OF SEARCH - All Circles Have the

Same Radius - Radius 111.000
-------------------------------------------------------------

Center Coordinates
1-Stage
Factor Side Force

of Inclination

Safety degrees IterationsX Y Radius

253.00 541.00 111.00 Center of circle is below lowest

point of slope - CIRCLE REJECTED

553.00 541.00 111.00 Center of circle is below lowest

point of slope - CIRCLE REJECTED

853.00 541.00 111.00 Center of circle is below lowest

point of slope - CIRCLE REJECTED

253.00 841.00 111.00 2.244 2.22 5

853.00 841.00 111.00 3.649 16.32 6

Message on the following lines applies to the above circle

DENOMINATOR IN EQUATIONS FOR F WAS SMALL FOR 8 SLICES

FIRST AND LAST SLICES WHERE DENOMINATOR WAS LOW - 3 10

253.00 1141.00 111.00 See Message on Next Lines
CIRCLE DOES NOT INTERSECT SLOPE

553.00 1141.00 111.00 See Message on Next Lines
CIRCLE DOES NOT INTERSECT SLOPE

853.00 1141.00 111.00 See Message on Next Lines
CIRCLE DOES NOT INTERSECT SLOPE

503.00 791.00 111.00 Bottom of circle exceeds allowable

depth - CIRCLE REJECTED

553.00 791.00 111.00 Bottom of circle exceeds allowable

depth - CIRCLE REJECTED

603.00 791.00 111.00 Bottom of circle exceeds allowable

depth - CIRCLE REJECTED

503.00 841.00 111.00 1.235 5.74 7

603.00 841.00 111.00 1.307 13.63 7

503.00 891.00 111.00 See Message on Next Lines
CIRCLE DOES NOT INTERSECT SLOPE

553.00 891.00 111.00 See Message on Next Lines
CIRCLE DOES NOT INTERSECT SLOPE

603.00 891.00 111.00 See Message on Next Lines
CIRCLE DOES NOT INTERSECT SLOPE

523.00 811.00 111.00 Bottom of circle exceeds allowable

depth - CIRCLE REJECTED

553.00 811.00 111.00 Bottom of circle exceeds allowable

depth - CIRCLE REJECTED

583.00 811.00 111.00 Bottom of circle exceeds allowable

depth - CIRCLE REJECTED

523.00 841.00 111.00 1.091 8.21 8
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583.00 841.00 111.00 1.188 13.69 7

523.00 871.00 111.00 See Message on Next Lines
CIRCLE DOES NOT INTERSECT SLOPE

553.00 871.00 111.00 2.299 21.67 5

583.00 871.00 111.00 2.501 19.69 5

543.00 831.00 111.00 1.413 10.97 7

553.00 831.00 111.00 1.393 11.92 7

563.00 831.00 111.00 1.393 12.89 7

543.00 841.00 111.00 1.055 10.44 12

563.00 841.00 111.00 1.067 13.02 9

543.00 851.00 111.00 1.467 14.92 6

553.00 851.00 111.00 1.525 16.19 6

563.00 851.00 111.00 1.597 16.78 8

At the end of the current mode of search the most critical
circle which was found has the following values-X-center553.00 Y-center 841.00 Radius 111.00
Factor of Safety 1.054 Side Force Inclination 11.78
UTEXAS3 - VER. 1.209 - 2/28/98 - C 1985-1998 S. G. WRIGHT
One 1 copy licensed to Parsons I T Cincinnati OH
Date 12 42004 Time 11413 Input file kfgyye3.dat
Kingston 6 Section Y-Y Multi-Stage Run With UTEXAS3
GYPSUM STACK Option 2 Earthquake 0.llg
KIF Wet with Pond Surcharge Included

TABLE NO. 21

1-STAGE FINAL CRITICAL CIRCLE INFORMATION
X Coordinate of Center - - - - - - - 553.000
Y Coordinate of Center ------.- 841.000
Radius - - - - - - - - - - - - - - - 111.000
Factor of Safety - - - - - - - - - - 1.054
Side Force Inclination - - - - - - - 11.78

Number of circles tried ------ 159
No. of circles F calc. for ----- 120
UTEXAS3 - VER. 1.209 - 2/28/98 - C 1985-1998 S. G. WRIGHT
One 1 copy licensed to Parsons I T Cincinnati OH
Date 12 42004 Time 11413 Input file kfgyye3.dat
Kingston 6 Section Y-Y Multi-Stage Run With UTEXAS3
GYPSUM STACK Option 2 Earthquake 0.11g
KIF Wet with Pond Surcharge Included

TABLE NO. 26

Coordinate Weight Strength and Pore Water Pressure
Information for Individual Slices for Conventional

Computations or First Stage of Multi-Stage Computations.
Information is for the Critical Shear Surface in the

Case of an Automatic Search.?
Slice Slice Matl. Friction Pore

No. X Y Weight Type Cohesion Angle Pressure

489.4 750.0
1 491.9 748.4 799.7 6 .0 32.10 599.1

494.3 746.8
2 496.8 745.3 2412.0 6 .0 32.10 790.8

499.3 743.9

3 501.9 742.5 3975.9 6 .0 32.10 966.2
504.5 741.2

4 506.8 740.1 4858.7 6 .0 32.10 1117.7
509.2 739.0

5 511.9 737.9 6697.0 7 100.00 14.50 1252.7
514.6 736.8

6 515.8 736.4 3174.0 7 100.00 14.50 1345.3
516.9 736.0

7 519.7 735.2 8935.2 7 100.00 14.50 1425.1
522.4 734.3

8 525.3 733.6 11049.0 7 100.00 14.50 1524.9
528.1 732.8

9 530.9 732.3 13033.2 7 100.00 14.50 1606.3
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533.8

10 536.6

11

12

13

14

15

16

17

18

19

20

539.5

540.2

540.9

543.8

546.7

546.8

546.9

549.8

552.7

552.9

553.0

555.9

558.8

561.7

564.6

567.5

570.4

573.2

576.1

578.9

581.7

731.7

731.3

730.8

730.7

730.7

730.4

730.2

730.2

730.2

730.1

730.0

730.0

730.0

730.1

730.2

730.4

730.6

731.0

731.4

731.9

732.4

733.1

733.8

14861.4

3828.1

16936.0

639.3

18519.3

964. 9

19900.1

20973.6

21800.2

22372.8

22688.4

7 100.00 14.50 1669.1

7 100.00 14.50 1700.9

7 100.00 14.50 1721.0

7 100.00 14.50 1736.4

7 100.00 14.50 1742.0

7 100.00 14.50 1747.2

7 100.00 14.50 1742.5

7 100.00 14.50 1723.5

7 100.00 14.50 1685.6

7 100.00 14.50 1628.9

7 100.00 14.50 1553.5

UTEXAS3 - VER. 1.209 - 2/28/98 - C 1985-1998 S. G. WRIGHT
One 1 copy licensed to Parsons I T Cincinnati OH
Date 12 42004 Time 11413 Input file kfgyye3.dat
Kingston 6 Section Y-Y Multi-Stage Run With UTEXAS3
GYPSUM STACK Option 2 Earthquake 0.llg
KIF Wet with Pond Surcharge Included

TABLE NO. 26

Coordinate Weight Strength and Pore Water Pressure
Information for Individual Slices for Conventional
Computations or First Stage of Mu1tiStage Computations.

Information is for the Critical Shear Surface in the
Case of an Automatic Search.

Slice Slice Matl. Friction Pore
No. X Y Weight Type Cohesion Angle Pressure

581.7 733.8
21 584.5 734.6 22747.6 7 100.00 14.50 1459.7

587.3 735.4

22 590.0 736.4 22554.8 7 100.00 14.50 1347.7
592.8 737.4

23 594.8 738.2 16511.2 7 100.00 14.50 1236.4
596.8 739.0

24 598.4 739.7 13211.3 6 .0 32.10 1140.6
600.0 740.4

25 602.6 741.7 21119.3 6 .0 32.10 1014.6
605.2 743.0

26 606.0 743.5 6831.9 6 .0 32.10 904.7
606.9 744.0

27 609.4 745.4 19258.3 6 .0 32.10 783.6
611.9 746.9

28 614.3 748.5 17098.6 6 .0 32.10 591.3
616.7 750.1

29 619.1 751.9 14877.3 6 .0 32.10 383.1
621.4 753.6

30 621.7 753.8 1446.5 6 .0 32.10 263.2
621.9 754.0

31 623.5 755.2 8997.3 6 .0 32.10 171.9
625.0 756.5

32 625.7 757.1 4039.3 6 .0 32.10 53.4
626.4 757.8

33 626.6 757.9 719.4 5 180.00 36.00 7.2
626.7 758.0

34 627.9 759.1 6292.0 5 180.00 36.00 .
629.0 760.1

35 631.1 762.2 10132.0 4 110.00 36.00 .
633.2 764.2
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36 635.1 766.4 8334.7 4 110.00 36.00 .

637.1 768.5

37 638.9 770.8 6537.4 4 110.00 36.00 .
640.8 773.0

38 641.1 773.5 1152.2 4 110.00 36.00 .
641.5 774.0

39 643.2 776.4 4378.9 1 100.00 43.00 .
644.9 778.7

40 646.5 781.2 2649.7 1 100.00 43.00 .
648.0 783.6

UTEXAS3 - VER. 1.209 - 2/28/98 - C 1985-1998 S. G. WRIGHT
One 1 copy licensed to Parsons I T Cincinnati OH
Date 12 42004 Time 11413 Input file kfgyye3.dat
Kingston 6 Section Y-Y Multi-Stage Run With UTEXAS3
GYPSUM STACK Option 2 Earthquake 0.llg
KIF Wet with Pond Surcharge Included

TABLE NO. 26

Coordinate Weight Strength and Pore Water Pressure

Information for Individual Slices for Conventional

Computations or First Stage of Multi-Stage Computations.
Information is for the Critical Shear Surface in the

Case of an Automatic Search.

Slice Slice Matl. Friction Pore
No. X Y Weight Type Cohesion Angle Pressure

648.0 783.6

41 648.1 783.7 46.3 1 100.00 43.00 .
648.1 783.8

UTEXAS3 - VER. 1.209 - 2/28/98 - C 1985-1998 S. G. WRIGHT
One 1 copy licensed to Parsons I T Cincinnati OH
Date 12 42004 Time 11413 Input file kfgyye3.dat
Kingston 6 Section Y-Y Multi-Stage Run With UTEXAS3
GYPSUM STACK Option 2 Earthquake 0.llg
KIF Wet with Pond Surcharge Included

TABLE NO. 27

Seismic Forces and Forces Due to Surface Pressures for
Individual Slices for Conventional Computations or the
First Stage of Multi-Stage Computations.

Information is for the Critical Shear Surface in the
Case of an Automatic Search.

FORCES DUE TO SURFACE PRESSURES

Y for
Slice Seismic Seismic Normal Shear

No. X Force Force Force Force X Y

1 491.9 88. 749.2 2421. 0. 491.9 750.0
2 496.8 265. 747.7 2501. 0. 496.8 750.0
3 501.9 437. 746.3 2575. 0. 501.9 750.0
4 506.8 534. 745.0 2376. 0. 506.8 750.0
5 511.9 737. 744.0 2695. 0. 511.9 750.0
6 515.8 349. 743.3 1141. 0. 515.8 750.0
7 519.7 983. 743.1 2917. 0. 519.7 750.9
8 525.3 1215. 743.2 2961. 0. 525.3 752.8
9 530.9 1434. 743.5 2997. 0. 530.9 754.7

10 536.6 1635. 744.0 3024. 0. 536.6 756.6
11 540.2 421. 744.3 730. 0. 540.2 757.8
12 543.8 1863. 744.8 762. 0. 543.8 759.0
13 546.8 70. 745.3 27. 0. 546.8 760.0
14 549.8 2037. 745.8 0. 0. 549.8 761.0
15 552.9 106. 746.3 0. 0. 552.9 762.0
16 555.9 2189. 746.9 0. 0. 555.9 763.0
17 561.7 2307. 748.1 0. 0. 561.7 764.9
18 567.5 2398. 749.4 0. 0. 567.5 766.9
19 573.2 2461. 750.9 0. 0. 573.2 768.8
20 578.9 2496. 752.5 0. 0. 578.9 770.7
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1

1

2

2

2

2

2

2

1

2

3

4

5

6

27

2

2

8

9

30

31

32

33

34

35

36

37

584.5

590.0

594.8

598.4

602.6

606.0

609.4

614.3

619.1

621.7

623.5

625.7

626.6

627.9

631.1

635.1

638.9

2502.

2481.

1816.

1453.

2323.

752.

2118.

1881.

1637.

159.

990.

444.

79.

692.

1115.

917.

719.
38 641.1 127.

39 643.2 482.

754.2 0. 0. 584.5 772.5
756.0 0. 0. 590.0 774.4

757.7 0. 0. 594.8 776.0
759.0 0. 0. 598.4 777.2

760.7 0. 0. 602.6 778.6
762.1 0. 0. 606.0 779.7

763.2 0. 0. 609.4 780.0

764.7 0. 0. 614.3 780.0

766.2 0. 0. 619.1 780.0
767.1 0. 0. 621.7 780.0

768.1 0. 0. 623.5 780.5

769.3 0. 0. 625.7 781.3
769.8 0. 0. 626.6 781.6

770.6 0. 0. 627.9 782.0
772.7 0. 0. 631.1 783.1

775.5 0. 0. 635.1 784.4

778.3 0. 0. 638.9 785.7

780.0 0. 0. 641.1 786.4
781.7 0. 0. 643.2 787.1

UTEXAS3 - VER. 1.209 - 2/28/98 - C 1985-1998 S. G. WRIGHT
One 1 copy licensed to Parsons I T Cincinnati OH
Date 12 42004 Time 11413 Input file kfgyye3.dat
Kingston 6 Section Y-Y Multi-Stage Run With UTEXAS3
GYPSUM STACK Option 2 Earthquake 0.11g
KIF Wet with Pond Surcharge Included

TABLE NO. 27

Seismic Forces and Forces Due to Surface Pressures for
Individual Slices for Conventional Computations or the
First Stage of Multi-Stage Computations.

Information is for the Critical Shear Surface in the
Case of an Automatic Search.

FORCES DUE TO SURFACE PRESSURES

Slice Seismic Seismic Normal Shear
No. X Force Force Force Force X Y

Y for

40 646.5 291. 784.7 0. 0. 646.5 788.2
41 648.1 5. 786.2 0. 0. 648.1 788.7

UTEXAS3 - VER. 1.209 - 2/28/98 - C 1985-1998 S. G. WRIGHT
One 1 copy licensed to Parsons I T Cincinnati OH
Date 12 42004 Time 11413 Input file kfgyye3.dat
Kingston 6 Section Y-Y Multi-Stage Run With UTEXAS3
GYPSUM STACK Option 2 Earthquake 0.llg
KIF Wet with Pond Surcharge Included

TABLE NO. 29

Information Generated During Iterative Solution for the Factor
of Safety and Side Force Inclination by Spencers Procedure

Trial Trial

Factor Side Force Force Moment Delta
Iter- of Inclination Imbalance Imbalance Delta-F Theta
ation Safety degrees lbs. ft.-lbs. degrees

1 3.00000 15.0000 .8263E0 -.4671E08
First-order corrections to F and THETA ........ -.519E01 -.258E00
Values factored by .964E-0 - Deltas too large -.500E00 -.248E-01

2 2.50000 14.9752 .7311E0 -.4132E08
First-order corrections to F and THETA ........ -.322E01 -.293E00
Values factored by .155E0 - Deltas too large -.500E00 -.455E-01

3 2.00000 14.9297 .5897E0 -.3330E08
First-order corrections to F and THETA ........ -.168E01 -.365E00
Values factored by .298E0 - Deltas too large -.500E00 -.109E00

4 1.50000 14.8209 .3552E0 -.1999E08
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First-order corrections to F and THETA ........ -.574E00 -.587E00
Values factored by .871E0 - Deltas too large -.500E00 -.511E00

5 1.00000 14.3095 -.1281E05 .7753E0
First-order corrections to F and THETA ........ .246E0 .104E0
Values factored by .829E0 - Deltas too large .204E0 .859E0

6 1.20441 22.9039 -.1095E05 .6878E0
On iteration 6 the following slices produced
low denominators in the equations for the factor
of safety - 1 2

First-order corrections to F and THETA ........ -.780E00 -.275E02
Values factored by .313E0 - Deltas too large -.244E00 -.859E01

7 .9604 14.3095 -.1945E05 .1162E0
First-order corrections to F and THETA ........ .152E0 .263E0
Second-order correction - Iteration 1 ....... .181E0 .263E0
Second-order correction - Iteration 2 ....... .184E0 .263E0
Second-order correction - Iteration 3 ....... .184E0 .263E0

8 1.14402 16.9407 .1017E0 .1106E0
First-order corrections to F and THETA ........ -.870E-01 -.418E01
Second-order correction - Iteration 1 ....... -.750E-01 -.418E01
Second-order correction - Iteration 2 ....... -.748E-01 -.418E01
Second-order correction - Iteration 3 ....... -.748E-01 -.418E01

9 1.06919 12.7579 .1882E0 .1131E0
First-order corrections to F and THETA ........ -.147E-01 -.939E00
Second-order correction - Iteration 1 ....... -.143E-01 -.939E00
Second-order correction - Iteration 2 ....... -.143E-01 -.939E00

10 1.05490 11.8193 .1321E0 .3805E0
First-order corrections to F and THETA ........ -.545E-03 -.405E-01
Second-order correction - Iteration 1 ....... -.545E-03 -.405E-01

11 1.05436 11.7788 -.9681E-02 .1469E0
First-order corrections to F and THETA ........ -.940E-06 -.771E-04

Factor of Safety - - - - - - - - 1.054
Side Force Inclination - - - - - 11.78
Number of Iterations - - - - - - 11

UTEXAS3 - VER. 1.209 - 2/28/98 - C 1985-1998 S. G. WRIGHT
One 1 copy licensed to Parsons I T Cincinnati OH
Date 12 42004 Time 11413 Input file kfgyye3.dat
Kingston 6 Section Y-Y Multi-Stage Run With UTEXAS3
GYPSUM STACK Option 2 Earthquake 0.llg
KIF Wet with Pond Surcharge Included

TABLE NO. 38

Final Results for Stresses Along the Shear Surface

Results for Critical Shear Surface in Case of a Search.

SPENCERS PROCEDURE USED TO COMPUTE FACTOR OF SAFETY
Factor of Safety 1.054 Side Force Inclination 11.78 Degrees

-------- VALUES AT CENTER OF BASE OF SLICE---------

Total Effective
Slice Normal Normal Shear

No. X-center Y-center Stress Stress Stress

1 491.9 748.4 1015.0 415.9 247.5
2 496.8 745.3 1473.1 682.3 405.9
3 501.9 742.5 1817.8 851.6 506.7
4 506.8 740.1 2072.9 955.2 568.3
5 511.9 737.9 2060.4 807.7 293.0
6 515.8 736.4 2189.3 844.0 301.9
7 519.7 735.2 2451.3 1026.1 346.5
8 525.3 733.6 2792.2 1267.3 405.7
9 530.9 732.3 3089.5 1483.2 458.6

10 536.6 731.3 3345.1 1676.0 505.9
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11 540.2 730.7 3486.9 1786.0 532.9

12 543.8 730.4 3177.8 1456.9 452.2

13 546.8 730.2 3290.2 1553.8 476.0

14 549.8 730.1 3244.4 1502.5 463.4

15 552.9 730.0 3341.6 1594.4 485.9

16 555.9 730.1 3420.7 1678.2 506.5

17 561.7 730.4 3549.4 1825.9 542.7

18 567.5 731.0 3641.1 1955.5 574.5

19 573.2 731.9 3696.7 2067.8 602.1

20 578.9 733.1 3717.2 2163.7 625.6

21 584.5 734.6 3703.5 2243.8 645.2

22 590.0 736.4 3656.6 2309.0 661.2

23 594.8 738.2 3591.0 2354.7 672.4

24 598.4 739.7 3378.4 2237.8 1331.4

25 602.6 741.7 3245.0 2230.4 1327.0

26 606.0 743.5 3125.0 2220.4 1321.0

27 609.4 745.4 2916.5 2132.9 1269.0

28 614.3 748.5 2562.1 1970.9 1172.6

29 619.1 751.9 2198.4 1815.4 1080.1

30 621.7 753.8 1996.1 1732.9 1031.0

31 623.5 755.2 1887.0 1715.1 1020.4

32 625.7 757.1 1754.1 1700.7 1011.9

33 626.6 757.9 1566.2 1559.0 1245.0

34 627.9 759.1 1490.2 1490.2 1197.6

35 631.1 762.2 1327.0 1327.0 1018.7

36 635.1 766.4 1079.5 1079.5 848.2

37 638.9 770.8 834.4 834.4 679.3

38 641.1 773.5 690.6 690.6 580.2

39 643.2 776.4 491.9 491.9 529.9

1

-------- VALUES AT CENTER OF BASE OF SLICE---------

Total Effective

Slice Normal Normal Shear

No. X-center Y-center Stress Stress Stress

40 646.5 781.2 276.6 276.6 339.5

41 648.1 783.7 173.8 173.8 248.6

CHECK SUMS - ALL SHOULD BE SMALL
SUM OF FORCES IN VERTICAL DIRECTION .0 .109E-0

SHOULD NOT EXCEED .100E0
SUM OF FORCES IN HORIZONTAL DIRECTION .0 .208E-0

SHOULD NOT EXCEED .100E0
SUM OF MOMENTS ABOUT COORDINATE ORIGIN -12.29 -.123E02

SHOULD NOT EXCEED .100E0
SHEAR STRENGTH/SHEAR FORCE CHECK-SUM .0 .484E-0

SHOULD NOT EXCEED .100E0
1 UTEXAS3 - VER. 1.209 - 2/28/98 - C 1985-1998 S. G. WRIGHT

One 1 copy licensed to Parsons I T Cincinnati OH

Date 12 42004 Time 11413 Input file kfgyye3.dat

Kingston 6 Section Y-Y Multi-Stage Run With UTEXAS3

GYPSUM STACK Option 2 Earthquake 0.llg
KIF Wet with Pond Surcharge Included

TABLE NO. 39

Final Results for Side Forces and Stresses Between Slices.

Results for Critical Shear Surface in Case of a Search.

SPENCERS PROCEDURE USED TO COMPUTE FACTOR OF SAFETY

Factor of Safety 1.054 Side Force Inclination 11.78 Degrees

--------------- VALUES AT RIGHT SIDE OF SLICE ----------------

Y-Coord. of Fraction Sigma Sigma

Slice Side Side Force of at at

No. X-Right Force Location Height Top Bottom

1 494.3 4456. 748.9 .65 2612.1 112.7

12/04/04 1102AM
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C\UTEXAS3\KFGYYE3.OUT
2 499.3 10692. 747.5

3 504.5 17886. 746.3

4 509.2 24714. 745.3

5 514.6 30105. 744.9

6 516.9 32274. 744.7

7 522.4 38545. 744.4

8 528.1 44736. 744.1

9 533.8 50558. 744.0

10 539.5 55763. 744.0

11 540.9 56898. 744.0

12 546.7 59481. 744.3

13 546.9 59559. 744.3

14 552.7 60782. 744.6

15 553.0 60819. 744.7

16 558.8 61057. 745.2

17 564.6 60259. 745.9

18 570.4 58370. 746.9

19 576.1 55371. 748.0

20 581.7 51281. 749.5

21 587.3 46153. 751.3

22 592.8 40073. 753.5

23 596.8 34998. 755.6

24 600.0 32913. 756.4

25 605.2 28976. 758.0

26 606.9 27549. 758.6

27 611.9 23072. 760.7

28 616.7 18546. 763.1

29 621.4 14253. 765.9

30 621.9 13823. 766.3

31 625.0 11134. 768.5

32 626.4 9930. 769.6

33 626.7 9812. 769.7

34 629.0 8711. 770.6
35 633.2 6322. 773.0

36 637.1 4028. 775.6

37 640.8 2010. 778.9

38 641.5 1636. 779.8

39 644.9 603. 782.6

40 648.0 8. 785.6

1

.59 2642.0 764.5

.57 2885.6 1083.7

.57 3157.0 1241.8

.60 3699.7 782.1

.61 3870.0 654.5

.57 3101.1 1196.8

.54 2593.6 1599.7

.51 2228.7 1905.7

.49 1951.8 2135.0

.48 1894.9 2179.9

.47 1643.5 2270.8

.47 1635.1 2273.7

.45 1401.1 2325.3

.45 1390.1 2327.1

.44 1186.2 2348.7

.43 1010.2 2332.7

.42 861.7 2273.2

.41 741.3 2165.1

.41 650.9 2003.3

.41 593.7 1782.1

.42 575.1 1494.0

.44 591.0 1230.0

.42 498.7 1230.9

.41 369.2 1189.6

.40 332.1 1164.7

.41 338.8 1026.7

.43 369.0 846.6

.46 424.7 632.0

.47 432.4 607.4

.48 411.7 477.4

.49 406.1 412.6

.49 397.4 416.5

.47 318.5 448.3

.44 215.6 418.2

.42 137.4 339.5

.44 98.0 198.6

.46 99.3 156.1

.43 41.1 90.8

.38 . 2.7

--------------- VALUES AT RIGHT SIDE OF SLICE ----------------

Y-Coord. of

Slice Side Side Force

No. X-Right Force Location

41 648.1 0. 1071.3

CHECK SUMS - ALL SHOULD BE SMALL
SUM OF FORCES IN VERTICAL DIRECTION

SHOULD NOT EXCEED .100E0
SUM OF FORCES IN HORIZONTAL DIRECTION

SHOULD NOT EXCEED .100E0
SUM OF MOMENTS ABOUT COORDINATE ORIGIN

SHOULD NOT EXCEED .100E0
SHEAR STRENGTH/SHEAR FORCE CHECK-SUM

SHOULD NOT EXCEED .100E0

Fraction Sigma Sigma

of at at

Height Top Bottom

ABOVE . -.6

.0 .109E-0

.0 .208E-0

-12.29 -.123E02

.0 .484E-0

12/04/04 1102AM
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TVA - Kingston Ash Disposal Facility

Response to GeoSyntec Consultants Review Comments

ATTACHMENT 5

Peak ground Acceleration Evaluation



PARSONS

STANDARD
CALCULATION

SHEET

CLIENT NAME TVA

PROJECT NAME Kingston Ash Disposal Facility KIF

SUBJECT Peak Ground Acceleration for

Liquefaction Stability Evaluation

REVISION

ORIGINATOR

REVIEWER

DATE

PURPOSE

0

Y.S.Shah

Anundson

04-24-04

1 2 3

Page 1 of 3

To determi.nePeak Grou?d Acceleratic5n P.GA for evaluation Qf the ps.e.udo-static global
stability and vene6r stability of the proposed finai gypsum ash stack Elev @ top - 970 and

for li0uefaction potential of the foundation soils/materials underlying the stack.

REFERENCES

Facffi?es ...?RA1609/R-95/05 datedApri11995 SubitleD258_
?

RCF?A Subi?iitle D258 Seismic Desig17 Gu?darice for1Vlunicipal Vliaste Landfil/

__--TenriesseeDiVisiqn of SblidWaste Technical Guidance document dated 7/29193.

._.__....?_____..i._._.._L.....-_. _

tkaulgance aocuml

ASAUIIl1PTIOIVS

...1.?. .Becfrc?c -PGA at site

_
....

2. Existing soii overburden 0 site below staek Free-Field Condrtion.

GS @ Elev 763

Iev
...__.

76? Eiev 758r CqmpactFlyAsh FA Base
? .

..Ele. 7.5El.e v 73.9......

3

4

B?low ?d rQCk ?Sha
. . .. ?

3--
?le

the t.Stal thickness? of the Gprmar?i? tiff soil_ o?erburtlen ?.

? _t N 970 ?63 20fi
.

?

FA.t..Bo.ttom_Ash..?A..medium campaot_.
_._...

considering future corisolidation under staCk
.... .. ...

aoseElev 73? Eiev 729 .........

....

E
Vv

72 ElEiv 714 N tural Clay stiff

....

Elev. 14 SEtEiv 703 R?sicfuum-.SC-SM7 sti .ff hard

JOB NO. 55090501

CALC NO. KIF-0-DC-024-C-001

I

I
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PARSONS

STANDARD
CALCULATION

SHEET

CLIENT NAME TVA

PROJECT NAME Kingston Ash Disposal Facility KIF

SUBJECT Peak Ground Acceleration for

Liquefaction Stability Evaluation

REVISION

ORIGINATOR

REVIEWER

DATE

QETERMINATION OF PGA

3

In adcordance with the procedure stated on Pages 45 and 46 of Subtitle25$

Page2of3

._.Ste 1..Thesite can be_classified as STIFFy.considering consolidation of foundation___

ck and the soil-

overDurcien qeptn much less thpn 100 teet.

Free-Field Accel4attonfor stiff site.. Bedrock PGA 0 22g.

Usirig Figu?es 4.4iand 415 anaytical data median curve and PGA 0.22g the

Peak apceteration at the top o the stack ? 0 31 g --

i

Usirig the Yakdisil and Seed average curve in Fig 4.6 with Crest Accelerafion

uat?r? of0.31 g3 the vAtues of PGA at varicius depths belowthe strding massand
the averagp PQA over the entire length- of the -siiding surface are estimated4as-----

folloiws

Y.SShah

Anundson

04-24-04

1

Peak or Max Aceeleration

2

0.32g

1 030g.0_96 x 0319

?.?..

0.90 x 0.31 g 0.?8g

0.80 x.03-14-0-25g _

070. xQ31g022g

0 56- x-031g 017g

044x0.31g 0.14g
....

.._._..?_.

041 x0.31g 0.13g

...... _..

038x0.31g 0.12g

THIS IS A DESIGN RECORD

?_.._.?.. _.._?..._._..

6Qx0.31.g..0..19g
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SK PARSONS

0.22g/2 p..i1g

Far evaluatlon af f

the
f?-ee...._fiel

motic?

___.... .?... ._ .__.._ ._..

GOI?CLUS ON

For eva?uatiorrof the.

v

Uation of the seismi deforrnation potontial if required use 020?
?... .

.. .

or evaluation of the veneerj stabili use amaX ks 0.11 g per th6 gtid?nce dacurnent
....

E.....

d . .. t..hd ver?y stab lity usih g A ma? ?.2 g
_.._... .__..__.

or- eva

STANDARD
CALCULATION

SHEET

CLIENT NAME TVA

PROJECT NAME Kingston Ash Disposal Facility KIF

SUBJECT Peak Ground Acceleration for

Liquefaction Stability Evaluation

REVISION

ORIGINATOR

REVIEWER

DATE

0

Y.S.Shah

Anundson

04-24-04

1 2

JOB NO. 55090501

CALC NO. KIF-0-DC-024-C-001

3

Page3of3

. -_.
Subtitle 258 state? P. 46 that this stepped procedure is a simplified decoupled analysis

that ignrares Intera?ction betweeri the waste mass and the ground Analyses of the coupled

resppnse.-of landfills andfoundationsoils indicates.that thissimplified decoupled.analysis-will..

yielc? a conservatiVe upper bound estirnate of the combined arnplification potential of a laridfill

and its foundationBray et al. 1995 GeoSynec 1994.

Subf?itle25?..._also
on the same_page r6camrr?ends using the average Peak Acceleration

0.20g cornputed aboveias PGA forth e global slope stabihty and deformation potential

evaluationsi however foil the cover it recommends using the crest acceleratiori 0.31 g. On
the ather handthe Gurd-Tnce Dacument suggest.s P 14 using tbe pseuda static coeffrcient

ar the ueneer or caver stabilit?r euaauation by defining am? as the pseudo-static seism1e-1 ......

coef?icient1 This is perhaps be6ause it states it is the op?nion ofthe SQlid 1Naste Dw?sron._
..

....
_._

that
this typ?e of failure

mechani?m
will generally not result in a catastrophic type of failure

Ther?efore some
flexibility wrll be giver? for the design of the stabifCity of laridfill cover systems.

4pp rentlyi TaS1l1?
is tak?ng a practica? appro?cf? for therr requirement vrrth respec to the

ven erlcaver._stab?lity..evluatlort whe.reas the Subtitle 25$ appr.aach although heor..eticaly....

reas nabe is apparenN conservative...

Furtf? er forthe-giqbal pseudo Estatie slope stability evaluation Subtttle 258 rec om?nends use
of the earthquake vefficient ksy and recornrriends that the value of..this qoe?firien.t.be eqLal...tio..

0.5 tlmes the peak acceleration p 26g as calculaed above Thus kS 0 20g/2 0 10g is
? ?_..._

reco?ririn ended for the pseudo-static slope stab?lity evaliiafion Asithrs is an empir?qafvafue?
is

used
for thts study conservatively.

. . _... ..... __

al Ref..1 10n P. 42 recqmmer?ds usir?g
_.__

nie

iseudo static?gtotraistability use Cs 1

6
.. ....... ..

iquefacfion p?tential of foundation solls/materials 6se PGA ? 0. ?2g
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SUBJECT Ave. Maximum Peak Ground

Acceleration for Stability Evaluation

REVISION -o q xz
ORIGINATOR

REVIEWER

DATE

Coli1 ? ic?? Y
...........

PT

Y.S.Shah

11-19-04

PARSONSI

CLIENT NAMETVA

PROJECT NAME Kingston Ash Disposal Facility

STANDARD
CALCULATION

SHEET

THIS IS A DESIGN RECORD

JOB NO. 51020101

CALC NO. KIF-0-DC-024-C-002

le

a C7.1.?........

Page 1 of e Z
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PARSONS
SUBJECT Ave. Maximum Peak Ground

STANDARD
CALCULATION REVISION

Acceleration for Stability Evaluation

SHEET ORIGINATOR I Y.S.Shah

CLIENT NAMETVA

PROJECT NAME Kingston Ash Disposal Facility

REVIEWER

DATE 1 11-19-04

THIS IS A DESIGN RECORD
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.s..........__

... ..
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ATTACHMENT 6

VENEER SLOPE STABILITY ANALYSIS

24

C\Documents and Settings\p0085704\Local Settines\Temnorary hiternet Files\OLK3\TVA.KIF.GeoSyntech.Resonse

.F..I.NAL1..do.c.C\Ooce?ment and ?Settings\p001?7930\Loeal Settings\Temporary. Intemet. Files\OLK2\TVA.KWGeoSynteeh.Response
FI?ir??l doc



PARSONS

STANDARD
CALCULATION

SHEET

PURPOSE

CLIENT NAME TVA

PROJECT NAME Kingston Fossil Plant -

SUBJECT Veneer Slope Stability Analysis

Recommendations

REVISION

ORIGINATOR

REVIEWER

DATE

0

G.McNulty

Y. Shah

11-17-04

1

G. McNulty

Y. Shah

12-6-04

2

JOB NO. 55

CALC NO.

DC-55090501

3

To evaluate the veneer stability of several sections under the various cap config

for both stability against seepage and seismic forces

1. Case 1 -10 percent 5.7 degrees slope for Dredge Cell lateral expansion

2. Case 2- Seep Slope Area at 15.9 percent 9 degrees -6H1 V and 33.3 p

3H1V 18.44 degrees slopes

3. Case 3 - All other Dredge Cell lateral expansion areas with 33.3 percent 3
slopes.

REFERENCES

1. TVA Drawing Package 10W425 2004. Kingston Fossil Plant Dredged Cel

Expansion Prepared by Parsons Inc Initial Issue November 11.

090501

-002

Page 1

Of 7

urations

rcent

2. Soong T-Y. and R. M. Koerner 1997. The Design of Drainage Systems Over

Geosynthetically Lined Slopes. Geosynthetic Research Institute Drexel University

West Wing - Rush Building Philadelphia PA 19104.

3. Richardson G. N. 2002. Drainage Geocomposite Design Methodologies

Design Calculators Technology Transfer Seminar Sponsored by

LandfillDesign.Com Advanced Geotech Systems and Tenax September

Frankfort Kentucky.

and

17th

4. Schreiner L.C. and J. T. Riedel 1978. Probable Maximum Precipitation Estimates

United States East of the 105th Meridian Hydrometeorological Report No. 51 U.S.

Department of Commerce and U.S Department of the Army-Corps of the Engineers

National Oceanic and Atmospheric Administration Hydrometeorological Branch

Office of Hydrology National Weather Service Washington D.C. June.

5. Tennessee Division of Solid Waste Management 1993. Technical Guidan

Document Earthquake Evaluation Guidance Policy 41 pages.

6. Koerner R. M. 1998. Designing With Geosynthetics 4th Edition Prentice

New Jersey.

7. Mactec 2004. Laboratory Testing results - Samples from gypsum Pond a

Cumberland Fossil Plant prepared for Parsons ECon behalf of TVA M

ce

Hall Inc.

t

ay 13.
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PARSONS

STANDARD
CALCULATION

SHEET

CLIENT NAME TVA

PROJECT NAME Kingston Fossil Plant -

SUBJECT Veneer Slope Stability Anaiysis

Recommendations

REVISION 0

G. McNultyORIGINATOR

REVIEWER

DATE

EVALUATION STEPS

1. Define Geometry.

Two soil-covers are analyzed

G.McNulty

Y. Shah

11-17-04

Y. Shah

12-6-04

JOB NO. 55

CALC NO.
DC-55090501

3

090501

-002

Page 2

Of 7

One with 24 inches of soil cover including six inches of vegetative cover wi

geocomposite drainage layer over ash Detail F74 Drawing 10W425-74.

thout a

Another with total 18 inches soil cover including six inches of vegetative cover over a

geocomposite drainage layer Detail E75 Drawing 10W425-75. In the seep Blow Out

area along Swan Road there will be total 24 inches of soil cover above the

geocomposite drainage layer Detail G74 Drawing 10W425-74.

The lengths along the slopes used in this evaluation for the three cases listed a

obtained from Drawings 10425W-68 69 74 and 75.

1. Define Soil Drainage Layer Properties and Infiltration Rates

bove are

The specifications require that the lower 12 inches of the cover soil have a maximum

hydraulic conductivity of 1.0E-06 cm/sec. However additional analyses are performed to

confirm that the design would still perform adequately if the cover soils had up to 1.0E-05

cm/sec. The 6-inches of topsoil is assumed to have a maximum hydraulic conductivity of

1.0E-04 cm/sec. The geocomposite drainage layer is assumed to have a hydraulic

conductivity of 1.986 cm/sec. The hydraulic conductivities for the fly ash and bottom ash

are assumed to be 5.85E-05 and 1.0E-03 cm/sec respectively.

The shear strength effective angle of internal friction for the cover soil is assume
29.6 degrees and the effective cohesion 1200 psf. These values are based on

tests of Natural Clay in the area.. Koerner 1996 Table 2.5 suggests that 80 p
the shear strength of a cohesionless soil may be used for the interface friction..

d to be

riaxial

ercent of

Therefore the effective stress seepage analyses herein take no credit for cohes

the interface. The static efficiencies will be confirmed with site-specific geotextil

soils. If it proves necessary during testing to increase strength properties mixin

gypsum with the clay to increase not only the cohesion but also the friction anglo

considered along with other treatments or materials maintain veneer slope stabi

ion with

es and

g of the

will be

lity.

By contrast the interface friction and cohesion for the undrained case are assu

be 80 percent of the shear strength during the seismic condition. In addition the

requirement for the clay cover is that it has a phi angle of 26 degrees and cohes

psf based on Standard Proctor 2% wet of optimum content WOMC or combin

med to

minimum

ion of 250

ation of

THIS IS A DESIGN RECORD EP3-212196



PARSONS

STANDARD
CALCULATION

SHEET

CLIENT NAME TVA

PROJECT NAME Kingston Fossil Plant -

SUBJECT Veneer Slope Stability Analysis

Recommendations

REVISION

ORIGINATOR

REVIEWER

DATE

Y. Shah

11-17-04

1

G. McNulty

Y. Shah

12-6-04

2

JOB NO. 55090501

CALC NO.

DC-55090501 -002

3

phi and cohesion that will yield a factor of safety for the seismic analysis above

Page 3

Of 7

one. One

layey Soil

a seismic

run is included with a 1400 psf undrained shear strength typical of the Alluvial C
from CPT data and is included to demonstrate the factor of safety derived when

force is included.

Schreiner and Riedel 1978 define the PMP near the site as approximately 29.

per hour period over a 10 square mile area all season. The hourly rate becom
inches or 125 mm per hour.

2. Define Seismic Force

The veneer stability is evaluated along the sloped surface of the final stack usin

landfilldesign.com calculators Attachment B. In accordance with the recomme

iinches

es 4.92

g the

ndation in

altothe Tennessee Guidance 1993 Ref. 20 Document the seismic coefficient equ
0.11 g or the same value as used for the global stability evaluation is used for th

stability evaluation.

2. Evaluate Veneer Stability

e veneer

Veneer stability analyses that have been performed with the maximum PMP event with

the model developed by Soong and Koerner 1997 Ref. 2. Specifically the HELP model

should never be used to account for seepage forces due to precipitation infiltration on

slope stability. This is due to a major flaw in the HELP model that has been documented

since the early 1990s with U.S. EPA research at its test facilities in Cincinnati Ohio.

Several research studies have shown that the HELP Model by incorporating daily

average weather data grossly underestimates the actual impingement rate into the

drainage systems and hence underestimates the head on the liner and results in

undersized drainage system Soong and Koerner 1997 Ref. 2. Under-designed

drainage systems cause a saturated condition in the overlying soil layer. The detrimental

effect of underestimated seepage force can be catastrophic especially on side slopes in

landfill capping systems.

Table 1 below gives the results of the veneer slope stability evaluation. The tab

summarizes the factors of safety against sliding and for drainage layer capacity

The DLC factors of safety only apply to the static analyses as these consider se

forces. Natural drainage and drainage by a geocomposite drainage layer were

le

DLC.
epage

considered. Natural drainage was assumed limited to the top 12 inches of the b

material specifically ash or gypsum beneath the clay cover. The seismic stabi

evaluation considers no seepage force.

0

G.McNulty

ase

I ity

THIS IS A DESIGN RECORD fP3-212196



PARSONS

STANDARD
CALCULATION

SHEET

CLIENT NAME TVA

PROJECT NAME Kingston Fossil Plant -

SUBJECT Veneer Slope Stability Analysis

Recommendations

REVISION

G.McNulty G. McNulty

Y. Shah

0 1

ORIGINATOR

REVIEWER

DATE

Y. Shah

11-17-04 12-6-04

2

JOB NO. 55

CALC NO.

DC-55090501

3

090501

-002

Page 4

Of 7

The LandfillDesign.com static analysis runs assume a maximum vertical hydraulic

conductivity of 1.0E-05 cm/sec. Higher conductivities than 1.0E-05 result in drastic

lowering of the slope stability factor of safety and the Drainage Layer Capacity DLC
factors of safety. The DLCs calculated for both the assumed top 12 inches of the base

material cast gypsum or compacted bottom and fly ash indicate low water carrying

capacity underneath the cover. Over the course of several years many similar facilities

have been built and operated successfully so far without special provisions for cover

drainage. However both types of runs herein indicate that there exists a potential for not

only possible localized expressions of springs or boils near the lower portions of slopes

but also even veneer failures after intense rainfall events because the DLC falls well below

1. Note that current engineering practice has revised the acceptable DLC for passing

specifications from 1.0 to equal to or greater than 6 to avoid potential veneer slope

instability Richardson 2002. However the Tennessee Guidance 1993 Ref. 5 allows

some flexibility in veneer stability design because it states Presently it is the opinion of

the Solid Waste Division that this type of failure mechanism will generally not result in a

catastrophic type of failure. Therefore some flexibility will be given for the design of the

stability of landfill cover systems.

THIS IS A DESIGN RECORD EP3-212196



PARSONS
CLIENT NAME TVA

PROJECT NAME Kingston Fossil Plant -

STANDARD
CALCULATION

SHEET

SUBJECT Veneer Slope Stability Analysis

Recommendations

REVISION

ORIGINATOR

REVIEWER

DATE

0

G.McNulty

Y. Shah

11-17-04

1

G. McNulty

Y. Shah

12-6-04

2

TABLE 1

VENEER SLOPE STABILITY AND DRAINAGE LAYER FACTORS OF SAF

Seismic

ondition/ Coefficient

Static / 1 A1 BA

-Static
/ 1A2 Geoc

-Static
/ 1 B1 Geoc

-Seismic
/1 C1 Geoc 0.11 g

Seismic /1 C2 Geoc 0.11 g

Static / 2A1 FA - 29.6 0. 0

Static / 2A2 FA - 29.6 0. 0

Static / 2B1 Geoc - 29.6 0. 0

Static / 2B2 Geoc - 29.6 0. 0

Static / 2C1 Geoc - 29.6 0. 0

Seismic /2D1 Geoc 0. 11 g

Seismic /2D2 Geoc 0. 11 g

Static / 3A1 Geoc - 29.6 0.0

Static / 3A2 BA - 29.6 0.0

Static / 3A3 BA - 29.6 0.0

Seismic / 3B1 Geoc 0.11 g

Seismic / 3132 BA 0.11 g

Seismic / 3B3 Geoc 0.11 g

Seismic / 3B4 Geoc 0.33g

26.0 250 5.916

26.0 250 7.067

JOB NO. 55

CALC NO.

DC-55090501

3

1.611

1.61

2.929

2.932

1.374

26.0 250 4.636

26.0 250 2.753

1.362

1.649

0.971

26.0 250 3.325

26.0 250 2.996

0 1400 3.747

26.0 250 2.152

090501

-002

Page 5

Of 7

TY

DLC

0.297

9.825

1.362

0.001

0.008

4.662

46.19

110.6

77.936

.7
0.887

1

BA or FA - Compacted Bottom Ash and Fly Ash below cover soil Compacted to Standard Proctor at 2% wet

of OMC.

Geoc - Geocomposite Drainage Layer with hydraulic conductivity of 1.986 cm/sec 5.08 mm th

Effective Stress Total Stress/Undrained

h degs C psf DR deas ca psf F.S.

29.6 0.0 - - 3.327

29.6 0.0 - - 4.594

29.6 0.0 - - 4.577

ck.

THIS IS A DESIGN RECORD EP3-212/96
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N PARSONS

STANDARD
CALCULATION

SHEET

CLIENT NAME TVA

PROJECT NAME Kingston Fossil Plant -

SUBJECT Veneer Slope Stability Analysis

Recommendations

REVISION

Y. Shah

G. McNulty

Y. Shah

G.McNulty

1

ORIGINATOR

REVIEWER

DATE 11-17-04 12-6-04

JOB NO. 55

CALC NO.

DC-55090501

3

090501

-002

Page 6

Of 7

Assumed the top 12 inches of base material that is cast gypsum or compacted fly ash and bottom ash
or the actual geocomposite drainage layer.

Assumed the top 12 inches of sub base cast gypsum bottom ash or compacted fly ash assu

drainage layer.

Does not include the pipes indicated in Detail B68 on 30 to 50 foot spacing.

Demonstrates effect on slope stability FS and DLC with 50-percent drop in hydraulic conduc

drainage layer composed of BA/FA that is in place of a geocomposite drainage layer.

Geocomposite drainage layer with 5.08 mm height and 1.986 cm/sec hydraulic conductivity.

Cover Soil is in range of 1.0E-06 cm/sec as opposed to 1.0E-05.

AA W 29.6 degrees assumed.

sU 1400 psf based on the CPT testing in-place for the on-site soft to stiff alluvial clay.

Attachment 1 gives the printouts for the veneer slope stability runs.

med as

ivity in

CONCLUSION

It can be concluded that the proposed cover is likely to be stable during both the

design seismic conditions.

END

static and

THIS IS A DESIGN RECORD EP3-2 12/96
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REVIEWER

DATE

0

G.McNulty

Y. Shah

11-17-04
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G. McNulty

Y. Shah

12-6-04
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VENEER STABILITY PRINTOUTS
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Via 1.1 DALCACHE03 NetCache NetApp/5.5R2

go to problem statement inu_._p..._tvalues solution material selection contact help references

Iandfilldesign .co
Cover Slope Stability - Design Calculator

Problem Statement Case 1 Run Al - Sheet 69 10 percent Slopes for Dredge Cell

Lateral Expansion F74 24 Inch Soil Cover Detail Over Bottom Ash With Assumed

Drainage Hydraulic Conductivity of 1E-03 cm/sec. PMP of 29.5 inches/ 6hrs was used

for infiltration rate as required for this analysis.

FS for slope stability equals 3.327 and Drainage Layer Capacity DLC of Bottom Ash

/Fly Ash Falls below Minimum required Safety Limit of 1.0 that is actual DLC equals

0.297. The low DLC means that the bottom ash drainage layer may liquefy from time to

time under various rainfall events and produce erosional boils through the cover soils or

even cause localized or larger veneer failures. Other analyses with rainfall events of one

inch per hour will yield a DLC below 1.

h cs

h dl

Infiltration

4 ? 4 4 4 1 ?

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 1 Run Al - Sheet 69 10

percent Slopes for Dredge Cell Lateral Expansion F74 24 Inch Soil Cover Detail Over Bottom Ash.doc



sin 0 sin ftos

ywh? os?3 r N
A

tan? /FS

Active Wedge

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 1 Run A1 - Sheet 69 10 2

percent Slopes for Dredge Cell Lateral Expansion F74 24 Inch Soil Cover Detail Over Bottom Ash.doc



h Isino

h /ccs

Np
Passive Wedge

Input Values

Design Input

Slope characteristics

Length of the slope L

Slope angle 9
Height of soil layers

Height of cover soil h_cs

Height of drainage layer h_dl

Permeability of the soil layers

Permeability of cover soil

Design permeability of drainage layer

Rain intensity parameters

Precipitation

51.85883 m

I

5.7106 degrees

609.6

304.8Fmm
mm

L 1 9802E-06 cm/s

.00 cm/s

124.88 mm/hr

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 1 Run A1 - Sheet 69 10 3

percent Slopes for Dredge Cell Lateral Expansion F74 24 Inch Soil Cover Detail Over Bottom Ash.doc



Run-off coefficient

Soil characteristics

Dry unit weight of cover soil

Saturated unit weight of the cover soil

Friction angles

Friction angle of the cover soil

Friction angle of the cover soil / underlying interface

Stability Calculation

Solution

1. Normalized Input data

Gradient

Horizontal length

Height cover soil and drainage layer

Permeability of cover soil in m/s

Design permeability of the drainage layer in m/s

II. Calculation of the Drainage Capacity

0.4

1
29.6

1

29.6

kN/m3

kN/m3

I degrees

degrees

Precipitation from input

Actual runoff

Actual percolation

Actual flux

Allowable flux

Drainage Layer Capacity DLC needs to be 1.0 to avoid saturation

Ill. Parallel Submergence Ratio PSR

Average height water table

Parallel Submergence Ratio PSR

Stability Factor of Safety FS

0.100

51.601 m

0.9144 m

1.98E-008 m/s

le-005 m/s

124.88 mm/hr

124.8087128 mm/hr

0.0712872 mm/hr

0.004 m3/hr

0.001 m3/hr

0.297

3.65E002 m

1.000

3.327

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 1 Run Al - Sheet 69 10 4

percent Slopes for Dredge Cell Lateral Expansion F74 24 Inch Soil Cover Detail Over Bottom Ash.doc



Via 1.1 DALCACHE03 NetCache NetApp/5.5R2

go to problem statement input values solution material selection contact help references

Iandfilldesign.com
Cover Slope Stability - Design Calculator

Problem Statement Case 1 Run A2 - Sheet 69 10 percent Slopes for Dredge Cell

Lateral Expansion E75 18 Inch Soil Cover With Geocomposite Drainage Layer Over on

Ash or Gypsum. PMP of 29.5 inches/ 6hrs was used for infiltration rate as required for

this analysis. Effective 18 inches of Cover Soil has hydraulic conductivity of 1.49E-06.

FS for slope stability equals 4.594 and Drainage Layer Capacity of Bottom Ash Falls exceeds

the Minimum required Safety Limit of 1.0 that is DLC equals 9.825.

h cs

h dl

Infiltration

? ? 4 4 ?

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 1 Run A2 - Sheet 69 10

percent Slopes for Dredge Cell Lateral Expansion E75 18 Inch Soil Cover With Geocomposite

Drainage Layer.doc



yw hw IVAtan cD/FS

Active Wedge

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case I Run A2 - Sheet 69 10 2

percent Slopes for Dredge Cell Lateral Expansion E75 18 Inch Soil Cover With Geocomposite

Drainage Layer.doc



h /sino

h/ccs

Passive Wedge

Input Values

Design Input

Slope characteristics

Length of the slope L

Slope angle 9
Height of soil layers

Height of cover soil h_cs

Height of drainage layer h_dl

Permeability of the soil layers

Permeability of cover soil

Design permeability of drainage layer

Rain intensity parameters

Precipitation

1NP

1

51.85883 rp

5.7106

457.2

5.08

degrees

mm

mm

1.9802E 06 cm/s

1 986 cm/s

124.88 mm/hr

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 1 Run A2 - Sheet 69 10

percent Slopes for Dredge Cell Lateral Expansion E75 18 Inch Soil Cover With Geocomposite

Drainage Layer.doc



Run-off coefficient

Soil characteristics

Dry unit weight of cover soil

Saturated unit weight of the cover soil

Friction angles

Friction angle of the cover soil

Friction angle of the cover soil / underlying interface

Stability Calculation
I

Solution

1. Normalized Input data

Gradient

Horizontal length

Height cover soil and drainage layer

Permeability of cover soil in m/s

Design permeability of the drainage layer in m/s

11. Calculation of the Drainage Capacity

0.4

kN/m3

kN/m3

1

degreesq29.6

23.68 degrees

Precipitation from input

Actual runoff

Actual percolation

Actual flux

Allowable flux

Drainage Layer Capacity DLC needs to be 1.0 to avoid saturation

Ill. Parallel Submergence Ratio PSR

Average height water table

Parallel Submergence Ratio PSR

Stability Factor of Safety FS

0.100

51.601 m

0.46228 m

1.98E-008 m/s

0.01986 m/s

124.88 mm/hr

124.8087128 mm/hr

0.0712872 mm/hr

0.004 m3/hr

0.036 m3/hr

9.825

5.17E-004 m

0.001

4.594

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 1 Run A2 - Sheet 69 10 4

percent Slopes for Dredge Cell Lateral Expansion E75 18 Inch Soil Cover With Geocomposite

Drainage Layer.doc



Via 1.1 DALCACHE03 NetCache NetApp/5.5R2

go to problem statement input values solution material selection contact help references

landfilldesign.com
Cover Slope Stability - Design Calculator

Problem Statement Case 1 Run B1 - Sheet 69 10 percent Slopes for Dredge Cell

Lateral Expansion E75 18 Inch Soil Cover E-05 With Geocomposite Drainage Layer

Over on Ash or Gypsum. PMP of 29.5 inches/ 6hrs was used for infiltration rate as

required for this analysis. Effective 18 inches of Cover Soil has hydraulic conductivity of

1.4285E-05 cm/sec assume 12 inch compacted soil layer at 1.0E-05 cm/sec vegetative

layer at 1.0e-04 cm/sec.

FS for slope stability equals 4.577 and Drainage Layer Capacity of Bottom Ash Falls exceeds

the Minimum required Safety Limit of 1.0 that is DLC equals 1.362.

h c s

h dl

Infiltration

i??4 4 4

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 1 Run B 1- Sheet 69 10 1

percent Slopes for Dredge Cell Lateral Expansion E75 18 Inch Soil Cover E-05 With

Geocomposite.doc



ywhwcosfl NAtanVFS

Active Wedge

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case I Run Bl - Sheet 69 10 2

percent Slopes for Dredge Cell Lateral Expansion E75 18 Inch Soil Cover E-05 With

Geocomposite.doc



M

h / cais

h Isino

TNP

Input Values

Design Input

Slope characteristics

Length of the slope L

Slope angle 9
Height of soil layers

Height of cover soil h_cs

Height of drainage layer h_dl

Permeability of the soil layers

Permeability of cover soil

Design permeability of drainage layer

Rain intensity parameters

Precipitation

Passive Wedge

51.85883 m

F 5.7106
degrees

F457.2

5.08

mm

mm

1.4285?05 cm/s

1.986 cm/s

124
88mT

mm/hr

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 1 Run B 1- Sheet 69 10 3

percent Slopes for Dredge Cell Lateral Expansion E75 18 Inch Soil Cover E-05 With

Geocomposite.doc



Run-off coefficient

Soil characteristics

Dry unit weight of cover soil

Saturated unit weight of the cover soil

Friction angles

Friction angle of the cover soil

Friction angle of the cover soil I underlying interface

StabilRy CaIculation

Solution

1. Normalized Input data

Gradient

Horizontal length

Height cover soil and drainage layer

Permeability of cover soil in m/s

Design permeability of the drainage layer in m/s

II. Calculation of the Drainage Capacity

0.4

18.85...__.
kN/m3

21

_..29.6

F 23.68

kN/m3

degrees

degrees

Precipitation from input

Actual runoff

Actual percolation

Actual flux

Allowable flux

Drainage Layer Capacity DLC needs to be 1.0 to avoid saturation

Ill. Parallel Submergence Ratio PSR

Average height water table

Parallel Submergence Ratio PSR

Stability Factor of Safety FS

0.100

51.601 m

0.46228 m

1.43E-007 m/s

0.01986 m/s

124.88 mm/hr

124.36574 mm/hr

0.51426 mm/hr

0.027 m3/hr

0.036 m3/hr

1.362

3.73E-003 m

0.008

4.577

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 1 Run B1 - Sheet 69 10

percent Slopes for Dredge Cell Lateral Expansion E75 18 Inch Soil Cover E-05 With

Geocomposite.doc



Via 1.1 DALCACHE03 NetCache NetApp/5.5R2

go to problem statement input values solution material selection contact help references

landfilldesign.com
Slope StabilitySeismic Force - Design Calculator

Problem Statement Case 1 Run Cl - Pseudo-Static Anal Sheet 69 10 percent 5.7

degrees Slopes for Dredge Cell Lateral Expansion F74 24 Inch Soil Cover Detail Over

Bottom Ash.

Factor of Safety with seismic activity FS 5.916

This slope stability calculator utilizes a pseudo-static analysis to determine the factor of safety

FS of a geosynthetic lined slope. This calculator assumes that no seepage forces are present.

The unit gradient calculator can be used to calculate the required transmissivity of the drainage

geocomposite to assure adequate drainage.

Subtitle D of the U.S. EPA regulations requires a seismic analysis if the site has experienced a

0.1 g horizontal acceleration or more in the past 250 years. For the continental USA this does

not only include the western states but major sections of the midwest and northeast as well. The

map below shows the seismic coefficients for various zones in the USA.

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 1 Run Cl - Pseudo-Static

Anal Sheet 69 10 percent Slopes for Dredge Cell Lateral Expansion F74 24 Inch Soil Cover Detail

Over Bottom Ash.doc



Legend

Zone
No damage0

Zone Minor damage corresponds to intensities V and VI on the modified Mercalli

1 intensity scale

Zone Moderate damage corresponds to intensity VII on the modified Mercalli intensity

2 scale

Zone Major damage corresponds to intensity VIII and higher on the modified Mercalli

3 intensity scale

Seismic coefficients corresponding to each zone

Zone Remark Modified Mercalli Scale Average Seismic Coefficient Cs
0 No damage - 0

1 Minor damage V and VI 0.03 to 0.07

2 Moderate damage VII 0.13

3 Major damage VIII and higher 0.27

Input Values

Design Inputs

Slope characteristics

Thickness of cover soil h 0.6096 m

Slope angle f3 5.7106 degrees

Lenght of slope measured along geomembrane L 51 85883 m

Soil characteristics

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 1 Run Cl - Pseudo-Static 2
Anal Sheet 69 10 percent Slopes for Dredge Cell Lateral Expansion F74 24 Inch Soil Cover Detail

Over Bottom Ash.doc



Unit weight of the cover soil g
Friction angle of the cover soil f

Cohesion of the cover soil c
Interface frictiond

Interface adhesion Ca
Seismic characteristic

Seismic coefficient Cs

Seismic
Stability Calculation

Solution

21 kN/m3

26 degrees

11.97 kN/mz

20.8 degrees

9.57854 kN/m2

Factor of Safety with seismic activity FS 5.916

Factor of Safety no seismic activity FS 12.927

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 1 Run Cl - Pseudo-Static

Anal Sheet 69 10 percent Slopes for Dredge Cell Lateral Expansion F74 24 Inch Soil Cover Detail

Over Bottom Ash.doc



Via 1.1 DALCACHE03 NetCache NetApp/5.5R2

go to problem statement input values solution material selection contact help references

Iandfilldesign .co
Slope StabilitySeismic Force - Design Calculator

Problem Statement Case 1 Run C2 - Pseudo-Static Anal Sheet 69 10 percent Slopes

for Dredge Cell Lateral Expansion E75 18 Inch Soil Cover over Geocomposite Drainage

Layer Detail.

Factor of Safety with seismic activity FS 7.067

This slope stability calculator utilizes a pseudo-static analysis to determine the factor of safety

FS of a geosynthetic lined slope. This calculator assumes that no seepage forces are present.

The unit qradient calculator can be used to calculate the required transmissivity of the drainage

geocomposite to assure adequate drainage.

Subtitle D of the U.S. EPA regulations requires a seismic analysis if the site has experienced a

0.1 g horizontal acceleration or more in the past 250 years. For the continental USA this does

not only include the western states but major sections of the midwest and northeast as well. The

map below shows the seismic coefficients for various zones in the USA.

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 1 Run C2 - Pseudo-Static

Anal Sheet 69 10 percent Slopes for Dredge Cell Lateral Expansion E75 18 Inch Soil Cover over

Geocomposite Drainage Layer Detail.doc



Legend

Zone
No damage0

Zone Minor damage corresponds to intensities V and VI on the modified Mercalli

1 intensity scale

Zone Moderate damage corresponds to intensity VII on the modified Mercalli intensity

2 scale

Zone Major damage corresponds to intensity VIII and higher on the modified Mercalli

3 intensity scale

Seismic coefficients corresponding to each zone

Zone Remark Modified Mercalli Scale Average Seismic Coefficient Cs
0 No damage - 0

1 Minor damage V and VI 0.03 to 0.07

2 Moderate damage VII 0.13

3 Major damage VIII and higher 0.27

Input Values

Design Inputs

Slope characteristics

Thickness of cover soil h

Slope angle f3

0.4572 rp

_..._
?

5.7106
degrees

Lenght of slope measured along geomembrane L 51858ss
? m

Soil characteristics

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 1 Run C2 - Pseudo-Static 2
Anal Sheet 69 10 percent Slopes for Dredge Cell Lateral Expansion E75 18 Inch Soil Cover over

Geocomposite Drainage Layer Detail.doc



Unit weight of the cover soil g
Friction angle of the cover soil f

Cohesion of the cover soil c
Interface frictiond

Interface adhesion Ca
Seismic characteristic

Seismic coefficient Cs

Seisrric Stability Calculation

Solution

21
.

......_.

kN/m3

degrees

kN/m2

degrees

9.67854_1
kN/m 2

Factor of Safety with seismic activity FS 7.067

Factor of Safety no seismic activity FS 15.300

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 1 Run C2 - Pseudo-Static 3
Anal Sheet 69 10 percent Slopes for Dredge Cell Lateral Expansion E75 18 Inch Soil Cover over

Geocomposite Drainage Layer Detail.doc
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Via 1.1 DALCACHE03 NetCache NetApp/5.5R2

go to problem statement input values solution material selection contact help references

Iandfihldesign.com
Cover Slope Stability - Design Calculator

Problem Statement Statement Case 2 Run Al-Sheet 73 SEEP Slope Area at 9

percent with F74 -Fly Ash 5.9E-05 cm/sec as Drainage Layer and Compacted Clay
Cover WITH PMP RAINFALL 29.5 inches/6 hours Assumed for this Run with

Maximum K of 0.00001 cm/sec for cover soil.

Results FS for slope stability 1.611 With PMP in SWAN Road Area is acceptable. By
contrast DLC .00 1.0 or 6 therefore fails. Compacted Clay Cover with Ash as

Drainage layer will likely suffer localized or perhaps larger veneer failures due to

liquefaction of the fly ash drainage during rainfall events.

c Infiltration

4 4 4 4 4 t ?

h cs

h dl

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run

A1-Sheet 73 SEEP Slope Area at 9 percent with F74 -Fly Ash 5pt9E-05.doc



Active Wedge

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run 2

Al-Sheet 73 SEEP Slope Area at 9 percent with F74 -Fly Ash 5pt9E-05.doc



h Isino

h / cos

TNP
Passive Wedge

Input Values

Designanp_ut

Slope characteristics

Length of the slope L
Slope angle 13

Height of soil layers

Height of cover soil h_cs

Height of drainage layer h_dl

Permeability of the soil layers

Permeability of cover soil

Design permeability of drainage layer

Rain intensity parameters

Precipitation

m

9.0468 degrees

609.6

304?8F mm

mm

0.00001 cm/s

5.85E-05 Cm/S

124.883 mm/hr

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run

Al-Sheet 73 SEEP Slope Area at 9 percent with F74 Fly Ash 5pt9E-05.doc



Run-off coefficient

Soil characteristics

0.4

Dry unit weight of cover soil J1885 kN/m3

Saturated unit weight of the cover soil 21. kN/m3

Friction angles

Friction angle of the cover soil degrees

Friction angle of the cover soil / underlying interface
1

23.68
1

degrees

Stability Calculation

Solution

1. Normalized Input data

Gradient

Horizontal length

Height cover soil and drainage layer

Permeability of cover soil in rn/s

Design permeability of the drainage layer in m/s

II. Calculation of the Drainage Capacity

Precipitation from input

Actual runoff

Actual percolation

Actual flux

Allowable flux

Drainage Layer Capacity DLC needs to be 1.0 to avoid saturation

III. Parallel Submergence Ratio PSR

Average height water table

Parallel Submergence Ratio PSR

Stability Factor of Safety FS

0.157

34.029 m

0.9144 m

1.00E-007 m/s

5.85e-007 m/s

124.883 mm/hr

124.523 mm/hr

0.36 mm/hr

0.012 m3/hr

0.000 m3/hr

0.008

2.15E002 m

1.000

1.611

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run 4

Al-Sheet 73 SEEP Slope Area at 9 percent with F74 -Fly Ash 5pt9E-05.doc



Stability Factor of Safety FS 1.611

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run 5

Al-Sheet 73 SEEP Slope Area at 9 percent with F74 - Fly Ash 5pt9E-05.doc



Via 1.1 DALCACHE03 NetCache NetApp/5.5R2

go to problem statement input values solution material selection contact hetp references

landfilldesign.com
Cover Slope Stability - Design Calculator

Problem Statement Case 2 Run A2-Sheet 73 SEEP Slope Area at 9 percent with F74

-WITH 0.25 INCH PER HOUR RAINFALL Fly Ash 5.9E-05 cm/sec as Drainage

Layer and Compacted Clay Cover Assumed for this Run with Maximum K of 0.00001

cm/sec for cover soil.

Results FS slope 1.61 acceptable DLC .00 1.0 or 6 therefore fails. Compacted

Clay Cover with Ash as Drainage layer CAN suffer localized or perhaps larger veneer

failures due to liquefaction of the fly ash drainage during small rainfall events if they

remain constant for long enough period.

h cs

h dI

Infiltration

i?44 ?

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run A2-Sheet 73 SEEP 1

Slope Area at 9 percent with F7A -.wITH-Opt25-INCH-PER-HOIJRRAI1TFA.hE.doc-- --------- --



H H

yw hwcasp NAtanD/FS

Active Wedge

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run A2-Sheet 73 SEEP

Slope Area at 9 percent with F74 - WITH 0pt25 INCH PER HOUR RAINFALL.doc



h/sing

h lcos

1NP
Passive Wedge

Input Values

Design Input

Slope characteristics

Length of the slope L
Slope angle f3

Height of soil layers

Height of cover soil h_cs

Height of drainage layer h_dl

Permeability of the soil layers

Permeability of cover soil

Design permeability of drainage layer

Rain intensity parameters

Precipitation

34.45777

9.0468

609?6

304.8

0.00001

5.85E-05

E6.35

m

degrees
I

mm

mm

cm/s

cm/s

mm/hr

Q\GYPSUM STACKS KINGSTON\Veneer Runs Noveniber 17 2004\Case 2 Run A2-Sheet 73 SEEP

Slope Area at 9 percent with F74 - WITH 0pt25 INCH PER HOUR RAINFALL.doc



Run-off coefficient

Soil characteristics

Dry unit weight of cover soil

Saturated unit weight of the cover soil

Friction angles

Friction angle of the cover soil

Friction angle of the cover soil / underlying interface

Stabildy Calculation

Solution

0.4

23.68

kN/m3

kN/m3

degrees

degrees

1. Normalized Input data

Gradient 0.157

Horizontal length 34.029 m

Height cover soil and drainage layer 0.9144 m

Permeability of cover soil in rn/s 1.00E-007 m/s

Design permeability of the drainage layer in m/s 5.85e-007 m/s

II. Calculation of the Drainage Capacity

Precipitation from input 6.35 mm/hr

Actual runoff 5.99 mm/hr

Actual percolation 0.36 mm/hr

Actual flux 0.012 m3/hr

Allowable flux 0.000 m3/hr

Drainage Layer Capacity DLC needs to be 1.0 to avoid saturation 0.008

III. Parallel Submergence Ratio PSR

Average height water table 2.15E002 m

Parallel Submergence Ratio PSR 1.000

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run A2-Sheet 73 SEEP

Slope Area at 9 percent with F74 -WITH 0pt25 INCH PER HOUR RAINFALL.doc



Stability Factor of Safety FS 1.611

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run A2-Sheet 73 SEEP $

Slope Area at 9 percent with F74 -WITH 0pt25 INCH PER HOUR RAINFALL.doc



Via 1.1 DALCACHE03 NetCache NetApp/5.5R2

go to problem statement input values solution material selection contact help references

landfilldesign.com
Cover Slope Stability - Design Calculator

Problem Statement Case 2 Run A2-Sheet 73 SEEP Slope Area at 9 percent with F74

-WITH 0.25 INCH PER HOUR RAINFALL Fly Ash 5.9E-05 cm/sec as Drainage

Layer and Compacted Clay Cover Assumed for this Run with Maximum K of 0.00001

cm/sec for cover soil.

Results- FS-slope -9 61- acceptalile-DLC _ 008 -.-or-therefore-fails.-C-ompacted _

Clay Cover with Ash as Drainage layer CAN suffer localized or perhaps larger veneer

failures due to liquefaction of the fly ash drainage during small rainfall events if they

remain constant for long enough period.

Cover Soil -AN Infiltration

? ? 4 4 ? 4 -L

h cs

h dl

Q\GYPSUM STACKS KINGSTON\Veneer Runs Noveniber 17 2004\Case 2 Run A2-Sheet 73 SEEP 1

Slope Area at 9 percent with F74 - WITH 0pt25 INCH PER HOUR RAINFALL.doc



Active Wedge

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run A2-Sheet 73 SEEP 2
Slope Area at 9 percent with F74 - WITH 0pt25 INCH PER HOUR RAINFALL.doc



h 1sing

h lcos

1Na
Passive Wedge

Input Values

Design Input

Slope characteristics

Length of the slope L

Slope angle f3

Height of soil layers

Height of cover soil h_cs

Height of drainage layer h_dl

Permeability of the soil layers

Permeability of cover soil

Design permeability of drainage layer

Rain intensity parameters

Precipitation

34.45777 m

7.?68 degrees

Fo9.6

304.8

0.00001

5.85E05

6.35

mm

mm

cm/s

cm/s

j
mm/hr

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run A2-Sheet 73 SEEP 3

Slope Area at 9 percent with F74 - WITH 0pt25 INCH PER HOUR RAINFALL.doc



Run-off coefficient

Soil characteristics

Dry unit weight of cover soil

Saturated unit weight of the cover soil

Friction angles

Friction angle of the cover soil

Friction angle of the cover soil / underlying interface

Stabky falculatbn

Solution

0F .

29.6

23.68

kN/m3

kN/m3

degrees

degrees

1. Normalized Input data

Gradient 0.157

Horizontal length 34.029 m

Height cover soil and drainage layer
0.9144 m

Permeability of cover soil in m/s 1.00E-007 m/s

Design permeability of the drainage layer in m/s 5.85e-007 m/s

II. Calculation of the Drainage Capacity

Precipitation from input
6.35 mm/hr

Actual runoff 5.99 mm/hr

Actual percolation
0.36 mm/hr

Actual flux 0.012 m3/hr

Allowable flux 0.000 m3/hr

Drainage Layer Capacity DLC needs to be 1.0 to avoid saturation 0.008

111. Parallel Submergence Ratio PSR

Average height water table 2.15E002 m

Parallel Submergence Ratio PSR 1.000

Stability Factor of Safety FS
a

1.611

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run A2-Sheet 73 SEEP 4

Slope Area at 9 percent with F74 - WITH 0pt25 INCH PER HOUR RAINFALL.doc



Via 1.1 DALCACHE03 NetCache NetApp/5.5R2

go to problem statement input values solution matertat selection contact help reterences

Iandfilldesign .co
Cover Slope Stability - Design Calculator

Problem Statement Case 2 Run B1- SHEET 73 SEEP Swan Pond Blow Out Area

Detail G74 slope geocomposite drainage layer cover soil K 1E-05 Between Elevations

765 and 783 feet -slope 9 degrees L 113 feet PMP 29.5 inches/6hr 124.883

mm/hr.

Results FS slope 2.929 Therefore Acceptable DLC 4.662 1.0 but less than 6
which includes uncertainty factors. Could consider looking at large capacity drainage

layer.

Infiltration

4 44.?- L
h cs

hdl

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run B1- SHEET 73

SEEP Swan Pond Blow Out Area Detail G74 slope geocomposite drainage layer cover soil K1E-05.doc



sin
fl sin 6cvs

? wA

H

sin ?$

\NA

ywh? asg N tan? /FS

Active Wedge

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run B 1- SHEET 73 2
SEEP Swan Pond Blow Out Area Detail G74 slope geocomposite drainage layer cover soil KtE-05.doc



h f sino

h I cos

Passive Wedge

Input Values

Design Input

Slope characteristics

Length of the slope L
Slope angle 13

Height of soil layers

Height of cover soil h_cs

Height of drainage layer h_dl

Permeability of the soil layers

Permeability of cover soil

Design permeability of drainage layer

Rain intensity parameters

Precipitation

34.45777

9.0468

6F 09.6

5F .0

0.00001

TNP

m

degrees

mm

mm

cm/s

1.986 cm/s

124.883 1 mm/hr

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run B 1- SHEET 73 3

SEEP Swan Pond Blow Out Area Detail G74 slope geocomposite drainage layer cover soil K1E-05.doc



Run-off coefficient

Soil characteristics

Dry unit weight of cover soil

Saturated unit weight of the cover soil

Friction angles

Friction angle of the cover soil

0.4

29.6

kN/m3

kN/m3

degrees

Friction angle of the cover soil / underlying interface 1236$ degrees

Stabihty Calculation

Solution

1. Normalized Input data

Gradient

Horizontal length

Height cover soil and drainage layer

Permeability of cover soil in m/s

Design permeability of the drainage layer in m/s

II. Calculation of the Drainage Capacity

Precipitation from input

Actual runoff

Actual percolation

Actual flux

Allowable flux

Drainage Layer Capacity DLC needs to be 1.0 to avoid saturation

Ill. Parallel Submergence Ratio PSR

Average height water table

Parallel Submergence Ratio PSR

Stability Factor of Safety FS

0.157

34.029 m

0.61468 m

1.00 E-007 m/s

0.01986 m/s

124.883 mm/hr

124.523 mm/hr

0.36 mm/hr

0.012 m3/hr

0.057 m3/hr

4.662

1.09E-003 m

0.002

2.929

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run B1- SHEET 73 4
SEEP Swan Pond Blow Out Area Detail G74 slope geocomposite drainage layer cover soil K1E-05.doc



Via 1.1 DALCACHE03 NetCache NetApp/5.5R2

go to problem statement input values solution material selection contact help references

Iandfilldesign .co
Cover Slope Stability - Design Calculator

Problem Statement Case 2 Run B2 - SHEET 73 SEEP Swan Pond Blow Out Area

Detail G74 slope geocomposite drainage layer cover soil K 1E-06 Between Elevations

765 and 783 feet -slope 9 degrees L 113 feet PMP 29.5 inches/6hr 124.883

mm/hr.

Results FS slope 2.932 Therefore Acceptable DLC 46.19 1.0 and 6 includes

uncertainty factors therefore passes both tests for drainage layer capacity / factor of

safety.

h cs

h di

Infiltration

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run B2 - SHEET 73 SEEP Swan Pond Blow

Out Area Detail G74 slope geocomposite drainage layer cover soil K tE-06.doc



H H

ywhwas? NAtan?/FS

Active Wedge

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run B2 - SHEET 73 SEEP Swan Pond Blow

Out Area Detail G74 slope geocomposite drainage layer cover soil K I E-06.doc



h /sino

h cos

Passive Wedge

Input Values

Design Input

Slope characteristics

Length of the slope L
Slope angle 13

Height of soil layers

Height of cover soil h_cs

Height of drainage layer h_dl

Permeability of the soil layers

Permeability of cover soil

Design permeability of drainage layer

Rain intensity parameters

Precipitation

34.45777

9.0468

609.Y6

1NP

m

degrees

mm

5.08
1 mm

0.000001 cm/s

1

1.986 j cm/s

1
124.883 mm/hr

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run B2 - SHEET 73 SEEP Swan Pond Blow

Out Area Detail G74 slope geocomposite drainage layer cover soil K 1 E-06.doc



Run-off coefficient

Soil characteristics

Dry unit weight of cover soil

Saturated unit weight of the cover soil

Friction angles

Friction angle of the cover soil

Friction angle of the cover soil / underlying interface

Stability Cafculation

Solution

1. Normalized Input data

Gradient

Horizontal length

Height cover soil and drainage layer

Permeability of cover soil in m/s

Design permeability of the drainage layer in rn/s

II. Calculation of the Drainage Capacity

kN/m3

kN/m3

degrees

degrees23.68

Precipitation from input

Actual runoff

Actual percolation

Actual flux

Allowable flux

Drainage Layer Capacity DLC needs to be 1.0 to avoid saturation

III.Parallel Submergence Ratio PSR

Average height water table

Parallel Submergence Ratio PSR

Stability Factor of Safety FS

0.157

34.029 m

0.61468 m

1.00E-008 m/s

0.01986 m/s

124.883 mm/hr

124.847 mm/hr

0.036 mm/hr

0.001 m3/hr

0.057 m3/hr

46.619

1.09E-004 m

0.000

2.932

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run B2 - SHEET 73 SEEP Swan Pond Blow 4
Out Area Detail G74 slope geocomposite drainage layer cover soil K I E-06.doc



Via 1.1 DALCACHE03 NetCache NetApp/5.5R2

go to problem statement input values solution material selection contact help references

landfilldesign.com
Cover Slope Stability - Design Calculator

Problem Statement Case 2 Run Cl - Slope 3H to 1 V SHEET 73 SEEP Swan Pond

Blow Out Area Detail G74 slope geocomposite drainage layer cover soil K 1E-06-slope18.43 degrees L 99.5 feet PMP 29.5 inches/6hr 124.883 mm/hr.

Results FS slope 1.374 1.0 Therefore Acceptable DLC 110.6 1.0 and 6

includes uncertainty factors therefore passes both tests extremely well as for the

Drainage Layer Capacity Factor of Safety for geocomposite drainage layer.

Infiltration

i????t 4

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run Cl -Slope 3H to IV SHEET 73 SEEP Swan
Pond Blow Out Area Detail G74 slope geocomposite drainage layer.doc



H H

-ywh?as?3 NAtancD/FS

Active Wedge

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run Cl - Slope 3H to IV SHEET 73 SEEP Swan
Pond Blow Out Area Detail G74 slope geocomposite drainage layer.doc



h /sino

h / cos

1NP
Passive Wedge

Input Values

Design Input

Slope characteristics

Length of the slope L

Slope angle f3

Height of soil layers

Height of cover soil h_cs

Height of drainage layer h_dl

Permeability of the soil layers

Permeability of cover soil

Design permeability of drainage layer

Rain intensity parameters

Precipitation

18.43945 1

0.000001

m

degrees

mm

mm

cm/s

1

1.986
1

cm/s

124.883 mm/hr

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run Cl -Slope 3H to IV SHEET 73 SEEP Swan 3
Pond Blow Out Area Detail G74 slope geocomposite drainage layer.doc



Run-off coefficient

Soil characteristics

Dry unit weight of cover soil

Saturated unit weight of the cover soil

Friction angles

Friction angle of the cover soil

Friction angle of the cover soil / underlying interface

Stability Calculatbn

Solution

1. Normalized Input data

Gradient

Horizontal length

Height cover soil and drainage layer

Permeability of cover soil in rn/s

Design permeability of the drainage layer in m/s

II. Calculation of the Drainage Capacity

1
0.4

kN/m3

kN/m3

degrees29.6

degrees23.68

Precipitation from input

Actual runoff

Actual percolation

Actual flux

Allowable flux

Drainage Layer Capacity DLC needs to be 1.0 to avoid saturation

Ill. Parallel Submergence Ratio PSR

Average height water table

Parallel Submergence Ratio PSR

Stability Factor of Safety FS

0.316

28.771 m

0.61468 m

1.00E-008 m/s

0.01986 m/s

124.883 mm/hr

124.847 mm/hr

0.036 mm/hr

0.001 m3/hr

0.115 m3/hr

110.917

4.58E-005 m

0.000

1.374

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run Cl - Slope 3H to IV SHEET 73 SEEP Swan

Pond Blow Out Area Detail G74 slope geocomposite drainage layer.doc



Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run Cl - Slope 3H to IV SHEET 73 SEEP Swan 5
Pond Blow Out Area Detail G74 slope geocomposite drainage layer.doc



Via 1.1 DALCACHE03 NetCache NetApp/5.5R2

go to problem statement input values solution rnaterial selection contact help references

landfilldesign.com
Slope StabilitySeismic Force - Design Calculator

Problem Statement Case 2 Run D1 - PSEUDO STATIC SEISMIC VENEER
SHEET 73 SEEP Swan Pond Blow Out Area 9 Degree Slope Detail G74 geocomposite

drainage layer. FS Seismic Force 4.636.

This slope stability calculator utilizes a pseudo-static analysis to determine the factor of safety

FS of a geosynthetic lined slope. This calculator assumes that no seepage forces are present.

The unit gradient calculator can be used to calculate the required transmissivity of the drainage

geocomposite to assure adequate drainage.

Subtitle D of the U.S. EPA regulations requires a seismic analysis if the site has experienced a

0.1 g horizontal acceleration or more in the past 250 years. For the continental USA this does

not only include the western states but major sections of the midwest and northeast as well. The

map below shows the seismic coefficients for various zones in the USA.

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run Dl -PEUDO
STATIC SEISMIC VENEER SHEET 73 SEEP Swan Pond Blow Out Area 9 Degree Slope Detail

G74 geocomposite drainage layer.doc



Legend

Zone

0
No damage

Zone Minor damage corresponds to intensities V and VI on the modified Mercalli

1 intensity scale

Zone Moderate damage corresponds to intensity VII on the modified Mercalli intensity

2 scale

Zone Major damage corresponds to intensity VIII and higher on the modified Mercalli

3 intensity scale

Seismic coefficients corresponding to each zone

Zone Remark Modified Mercalli Scale Average Seismic Coefficient Cs
0 No damage - 0

1 Minor damage V and VI 0.03 to 0.07

2 Moderate damage VII 0.13

3 Major damage VIII and higher 0.27

Input Values

Design Inputs

Slope characteristics

Thickness of cover soil h

Slope angle f3

0.6096

9.0468 degrees

Lenght of slope measured along geomembrane L 34.457777 m
..................._..

?

Soil characteristics

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run Dl -PEUDO 2
STATIC SEISMIC VENEER SHEET 73 SEEP Swan Pond Blow Out Area 9 Degree Slope Detail

G74 geocomposite drainage layer.doc



Unit weight of the cover soil g
Friction angle of the cover soil f

Cohesion of the cover soil c
Interface frictiond

Interface adhesion Ca
Seismic characteristic

Seismic coefficient Cs

Seismic
Stability

Calculation

Solution

Factor of Safety with seismic activity FS 4.636

Factor of Safety no seismic activity FS 8.128

21 kN/m3

26 degrees

11.97 kN/m2

208
degrees

9.57854 kN/m2

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run D 1- PEUDO 3

STATIC SEISMIC VENEER SHEET 73 SEEP Swan Pond Blow Out Area 9 Degree Slope Detail

G74 geocomposite drainage layer.doc



Via 1.1 DALCACHE03 NetCache NetApp/5.5R2

go to problem statement input values solution material sefection conta cthelp references

landfilldesign.com
Slope StabilitySeismic Force - Design Calculator

Problem Statement Case 2 Run D2 - PSEUDO STATIC SEISMIC VENEER
SHEET 73 at Swan Pond Seep and Blow Out Area for 3H to 1 V or 18.44 Degree Slope

See Detail G74 for case of 24 inches of soil on geocomposite drainage layer. With

Seismic Force Factor of Safety 2.753.

This slope stability calculator utilizes a pseudo-static analysis to determine the factor of safety

FS of a geosynthetic lined slope. This calculator assumes that no seepage forces are present.

The unit gradient calculator can be used to calculate the required transmissivity of the drainage

geocomposite to assure adequate drainage.

Subtitle D of the U.S. EPA regulations requires a seismic analysis if the site has experienced a

0.1 g horizontal acceleration or more in the past 250 years. For the continental USA this does

not only include the western states but major sections of the midwest and northeast as well. The

map below shows the seismic coefficients for various zones in the USA.

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run D2 - PSEUDO
STATIC VENEER SHEET 73 at Swan Pond Seep and Blow Out Area for 3H to 1 V Slope.doc



Legend

Zone

0
No damage

Zone Minor damage corresponds to intensities V and VI on the modified Mercalli

1 intensity scale

Zone Moderate damage corresponds to intensity VII on the modified Mercalli intensity

2 scale

Zone Major damage corresponds to intensity VIII and higher on the modified Mercalli

3 intensity scale

Seismic coefficients corresponding to each zone

Zone

0

1

Remark

No damage

Minor damage

2 Moderate damage

3 Major damage

Input Values

Design Inputs

Slope characteristics

Modified Mercalli Scale Average Seismic Coefficient Cs
0

Thickness of cover soil h

Slope angle f3

V and VI 0.03 to 0.07

VII 0.13

VIII and higher 0.27

0.6096 m

18.44 degrees

Lenght of slope measured along geomembrane L
j

s0 32759 m

Soil characteristics

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run D2 - PSEUDO 2

STATIC VENEER SHEET 73 at Swan Pond Seep and Blow Out Area for 3H to 1 V Slope.doc



Unit weight of the cover soil g
Friction angle of the cover soil f

Cohesion of the cover soil c
Interface frictiond

Interface adhesion Ca
Seismic characteristic

Seismic coefficient Cs

Seismic Stability Calculation

Solution

Factor of Safety with seismic activity FS 2.753

Factor of Safety no seismic activity FS 3.796

21 kN/m3

26 degrees

11.97 kN/m2
_-....._.....

___._._

20.8 degrees

9.57854 kN/m2

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 2 Run D2 -PSEUDO 3

STATIC VENEER SHEET 73 at Swan Pond Seep and Blow Out Area for 3H to I V Slope.doc
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Via 1.1 DALCACHE03 NetCache NetApp/5.5R2

go to problem statement input values solution material selection contact help references

Iandfilldesign .co
Cover Slope Stability - Design Calculator

Problem Statement Case 3 Run Al - 3H to 1V Dredge Cell Lateral Expansion Sheet

75 E75 Detail cover soil 18 inch thick K 1 E-06 geocomposite drainage net -slope 18.43

degrees L 94.88 feet PMP 29.5 inches/6hr 124.883 mm/hr.

Results FS slope 1.362 1.0 Therefore Acceptable DLC 77.936 1.0 and 6

includes uncertainty factors therefore passes both tests extremely well as for the

Drainage Layer Capacity Factor of Safety for geocomposite drainage layer.

h cs

h dl

Infiltration

4 4 4 ? 4

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 3 Run Al - 3H to 1V

Dredge Cell Lateral Expansion Sheet 75 E75 Detail cover soil 18 inch thick K 1E-06 geocomposite

drainage net.doc



H H

vv

H

sin 6

/?

yw h? cos ?3
NAtan

?/FS

Active Wedge

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 3 Run Al - 3H to 1 V 2

Dredge Cell Lateral Expansion Sheet 75 E75 Detail cover soil 18 inch thick K I E-06 geocomposite

drainage net.doc



h /sino

h 1 cos

WPp

ii11Na

Passive Wedge

Input Values

Design Input

Slope characteristics

Length of the slope L
Slope angle 13

Height of soil layers

Height of cover soil h_cs

Height of drainage layer h_dl

Permeability of the soil layers

Permeability of cover soil

Design permeability of drainage layer

Rain intensity parameters

Precipitation

.

degrees

F457.2 mm

_5tios
._.

mm

1.4925e-0 cm/S

1.986 cm/s

E 124.883 mm/hr

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 3 Run Al - 3H to 1 V 3

Dredge Cell Lateral Expansion Sheet 75 E75 Detail cover soil 18 inch thick K 1E-06 geocomposite

drainage net.doc



Run-off coefficient

Soil characteristics

Dry unit weight of cover soil

Saturated unit weight of the cover soil

Friction angles

Friction angle of the cover soil

Friction angle of the cover soil / underlying interface

Stability
Calculatbn

Solution

1. Normalized Input data

Gradient

Horizontal length

Height cover soil and drainage layer

Permeability of cover soil in rn/s

Design permeability of the drainage layer in rn/s

II. Calculation of the Drainage Capacity

0.4

V

18.85

21.

29.6

23.68

kN/m3

? kN/m3

degrees

degrees

Precipitation from input

Actual runoff

Actual percolation

Actual flux

Allowable flux

Drainage Layer Capacity DLC needs to be 1.0 to avoid saturation

Ill. Parallel Submergence Ratio PSR

Average height water table

Parallel Submergence Ratio PSR

Stability Factor of Safety FS

0.316

27.435 m

0.46228 m

1.49 E-008 rn/s

0.01986 m/s

124.883 mm/hr

124.82927 mm/hr

0.05373 mm/hr

0.001 m3/hr

0.115 m3/hr

77.936

6.52E-005 m

0.000

1.362

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 3 Run Al - 3H to 1 V 4
Dredge Cell Lateral Expansion Sheet 75 E75 Detail cover soil 18 inch thick K 1E-06 geocomposite

drainage net.doc



Stability Factor of Safety FS 1.362

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 3 Run Al - 3H to IV 5

Dredge Cell Lateral Expansion Sheet 75 E75 Detail cover soil 18 inch thick K 1E-06 geocomposite

drainage net.doc



Via 1.1 DALCACHE03 NetCache NetApp/5.5R2

go to problem statement
input values solution material selection contact help references

Iandfilldesign.com
Cover Slope Stability - Design Calculator

Problem Statement Case 3 Run A2 - Sheet 74 Detail 74 cover soil 24 inch thick K
1 E-06 BA Drainage 1 e-3 cm per sec 3H to 1 V Dredge Cell Lateral Expansion -slope
18.43 degrees L 94.88 feet PMP 29.5 inches/6hr 124.883 mm/hr.

Results FS slope 1.649 1.0 therefore acceptable. DLC 1.775 barely acceptable.

Slight decrease in K will likely compromise system. 1.0 but 6 includes uncertainty

factors. Should consider use of pipes with BA ash layers every 30 to 50.feet laterally

and a maximum of 30 feet vertically.

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 3 Run A2 - Sheet 74

Detai174 cover soi124 inch thick K 1 E-06 BA Drainage 1 e-3 cm per sec 3H to 1 V Dredge Cell Lateral

Expansion.doc



Active Wedge

Q\GYPSUM STACKS KINGSTON\Veneer Runs Noveniber 17 2004\Case 3 Run A2 - Sheet 74 2
Detai174 cover soi124 inch thick K 1 E-06 BA Drainage le-3 cm per sec 3H to 1 V Dredge Cell Lateral

Expansion.doc



h /sing

h / cos

1Na
Passive Wedge

Input Values

Design Input

Slope characteristics

Length of the slope L
Slope angle f3

Height of soil layers

Height of cover soil h_cs

Height of drainage layer h_dl

Permeability of the soil layers

Permeability of cover soil

Design permeability of drainage layer

Rain intensity parameters

Precipitation

2s.92 ? m

18.44 degrees

F609.6

304.8

mm

mm

124.88 mm/hr

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 3 Run A2 - Sheet 74 3
Detai174 cover soi124 inch thick K 1 E-06 BA Drainage 1 e-3 cm per sec 3H to 1 V Dredge Cell Lateral

Expansion.doc



Run-off coefficient

Soil characteristics

Dry unit weight of cover soil

Saturated unit weight of the cover soil

Friction angles

Friction angle of the cover soil

Friction angle of the cover soil / underlying interface

Stability Calculation

Solution

1. Normalized Input data

Gradient

Horizontal length

Height cover soil and drainage layer

Permeability of cover soil in rn/s

Design permeability of the drainage layer in rn/s

II. Calculation of the Drainage Capacity

0.4

18.851kN/m3
21.?

degrees

degrees29.6

Precipitation from input

Actual runoff

Actual percolation

Actual flux

Allowable flux

Drainage Layer Capacity DLC needs to be 1.0 to avoid saturation

Ill. Parallel Submergence Ratio PSR

Average height water table

Parallel Submergence Ratio PSR

Stability Factor of Safety FS

0.316

27.435 m

0.9144 m

1.98 E-008 m/s

1 e-005 m/s

124.88 mm/hr

124.8087128 mm/hr

0.0712872 mm/hr

0.002 m3/hr

0.003 m3/hr

1.775

1.72E-001 m

0.188

1.649

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 3 Run A2 - Sheet 74

Detai174 cover soi124 inch thick K lE-06 BA Drainage le-3 cm per sec 3H to 1V Dredge Cell Lateral

Expansion.doc



Stability Factor of Safety FS 1.649

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 3 Run A2 - Sheet 74 5

Detai174 cover soi124 inch thick K lE-06 BA Drainage le-3 cmper
sec 3H to IV Dredge Cell Lateral

Expansion.doc



Via 1.1 DALCACHE03 NetCache NetApp/5.5R2

go to problem statement input values solution material selection contact help references

Iandfilldesign .co
Cover Slope Stability - Design Calculator

Problem Statement Case 3 Run A3 - Sheet 74 Detai174 cover soil 24 inch thick K
1E-06 BA Drainage 0.5e-3 cm per sec 3H to 1 V Dredge Cell Lateral Expansion -slope
18.43 degrees L 94.88 feet PMP 29.5 inches/6hr 124.883 mm/hr.

Results FS slope 0.971 1.0 therefore slope failure would occur because of the decrease

in drainage layer hydraulic conductivity from Case 3 Run A2. DLC now equals 0.887

which is below 1 and unacceptable. Slight decreases in K often compromise system veneer

stability and act as the irreversible tipping point toward veneer failure.. Should consider use of

pipes with BA ash layers every 30 to 50 feet laterally and a maximum of 30 feet

vertically or go with the alternate geocomposite drainage layers.

h cs

hdl

Infiltration

????41 4

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 3 Run A3 - Sheet 74

Detai174 cover soi124 inch thick K 1E-06 BA Drainage Opt5e-3 cm per sec 3H.doc



H H

EA

ur

-

yw hwcvs? NA tan? /FS

Active Wedge

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 3 Run A3 - Sheet 74 2
Detai174 cover soi124 inch thick K 1E-06 BA Drainage Opt5e-3 cm per sec 3H.doc



h /sino

h/cas

TNP
Passive Wedge

Input Values

Design Input

Slope characteristics

Length of the slope L
Slope angle f3

Height of soil layers

Height of cover soil h_cs

Height of drainage layer h_dl

Permeability of the soil layers

Permeability of cover soil

Design permeability of drainage layer

Rain intensity parameters

Precipitation

18.44

609.6

-304.8

1.9802e-0

degrees

mm

mm

cm/s

0005
1 cm/s

mm/hr

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 3 Run A3 - Sheet 74 3

Detai174 cover soi124 inch thick K 1E-06 BA Drainage Opt5e-3 cm per sec 3H.doc



Run-off coefficient

Soil characteristics

Dry unit weight of cover soil

Saturated unit weight of the cover soil

Friction angles

Friction angle of the cover soil

I

18.85 kN/m3

21. kN/m3

29.6 degrees

Friction angle of the cover soil / underlying interface j29.6 degrees

Stability
Caiculation

Solution

1. Normalized Input data

Gradient

Horizontal length

Height cover soil and drainage layer

Permeability of cover soil in m/s

Design permeability of the drainage layer in m/s

II. Calculation of the Drainage Capacity

Precipitation from input

Actual runoff

Actual percolation

Actual flux

Allowable flux

Drainage Layer Capacity DLC needs to be 1.0 to avoid saturation

Ill. Parallel Submergence Ratio PSR

Average height water table

Parallel Submergence Ratio PSR

Stability Factor of Safety FS

0.316

27.435 m

0.9144 m

1.98E-008 m/s

5e-006 m/s

124.88 mm/hr

124.8087128 mm/hr

0.0712872 mm/hr

0.002 m3/hr

0.002 m3/hr

0.887

1.01 E001 m

1.000

0.971

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 3 Run A3 - Sheet 74 4
Detai174 cover soil 24 inch thick K 1E-06 BA Drainage Opt5e-3 cm per sec 3H.doc



Via 1.1 DALCACHE03 NetCache NetApp/5.5R2

go to problem statement input vaiues SoEution meterial selection contact help references

Iandfilldesign .co
Slope StabilitySeismic Force - Design Calculator

Problem Statement Case 3 Run B1 - Pseudo-Static Analysis of 3H to 1 V Dredge Cell

Lateral Expansion Sheet 75 E75 Detail cover soil 18 inch thick drainage net -slope

18.43 degrees L 94.88 feet.

Results FS slope 3.325 1.0 Therefore acceptable.

This slope stability calculator utilizes a pseudo-static analysis to determine the factor of safety

FS of a geosynthetic lined slope. This calculator assumes that no seepage forces are present.

The unit gradient calcuiator can be used to calculate the required transmissivity of the drainage

geocomposite to assure adequate drainage.

Subtitle D of the U.S. EPA regulations requires a seismic analysis if the site has experienced a

0.1 g horizontal acceleration or more in the past 250 years. For the continental USA this does

not only include the western states but major sections of the midwest and northeast as well. The

map below shows the seismic coefficients for various zones in the USA.

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 3 Run B 1- Pseudo-Static

Analysis of 3H to 1 V Dredge Cell Lateral Expansion Sheet 75 E75 Detail cover soil 18 inch thick

drainage net.doc



Legend

Zone
No damage0

Zone Minor damage corresponds to intensities V and VI on the modified Mercalli

1 intensity scale

Zone Moderate damage corresponds to intensity VII on the modified Mercalli intensity

2 scale

Zone Major damage corresponds to intensity VIII and higher on the modified Mercalli

3 intensity scale

Seismic coefficients corresponding to each zone

Zone Remark Modified Mercalli Scale Average Seismic Coefficient Cs
0 No damage - 0

1 Minor damage V and VI 0.03 to 0.07

2 Moderate damage VII 0.13

3 Major damage VIII and higher 0.27

Input Values

Design Inputs

Slope characteristics

Thickness of cover soil h 0.4572 m

Slope angle 13 18.44 degrees

Lenght of slope measured along geomembrane L 28.92 m

Soil characteristics

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 3 Run B 1- Pseudo-Static Z
Analysis of 3H to 1 V Dredge Cell Lateral Expansion Sheet 75 E75 Detail cover soil 18 inch thick

drainage net.doc



Unit weight of the cover soil g
Friction angle of the cover soil f

Cohesion of the cover soil c
Interface frictiond

Interface adhesion Ca
Seismic characteristic

Seismic coefficient Cs

Seisntic Stability Calculation

Solution

Factor of Safety with seismic activity FS 3.325

Factor of Safety no seismic activity FS 4.576

21 kN/m3

26 degrees

11.97 kN/m2

20.8 degrees

9.57854 kN/m2

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 3 Run B1 -Pseudo-Static 3

Analysis of 3H to 1V Dredge Cell Lateral Expansion Sheet 75 E75 Detail cover soil 18 inch thick

drainage net.doc



Via 1.1 DALCACHE03 NetCache NetApp/5.5R2

go to problem statement inptit values solution material selection contact help references

landfilldesign.com
Slope StabilitySeismic Force - Design Calculator

Problem Statement Problem Statement Case 3 Run B2 - Pseudo Static Analysis

of Sheet 74 3H-1V Detail F74 Dredge Cell cover soil 24 inch thick K 1E-06 BA
Drainage 1 e-3 cm per sec Dredge Cell Lateral Expansion Factor of Safety of Cap During

Application of Seismic Force 2.996 1 therefore ok.

This slope stability calculator utilizes a pseudo-static analysis to determine the factor of safety

FS of a geosynthetic lined slope. This calculator assumes that no seepage forces are present.

The unit rq adient calcuiator can be used to calculate the required transmissivity of the drainage

geocomposite to assure adequate drainage.

Subtitle D of the U.S. EPA regulations requires a seismic analysis if the site has experienced a

0.1 g horizontal acceleration or more in the past 250 years. For the continental USA this does

not only include the western states but major sections of the midwest and northeast as well. The

map below shows the seismic coefficients for various zones in the USA.

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 3 Run B2 -Pseudo Static

Analysis of Sheet 74 3H-1 V Detail 74 Dredge Cell cover soi124 inch.doc



Legend

Zone
No damage0

Zone Minor damage corresponds to intensities V and VI on the modified Mercalli

1 intensity scale

Zone Moderate damage corresponds to intensity VII on the modified Mercalli intensity

2 scale

Zone Major damage corresponds to intensity VIII and higher on the modified Mercalli

3 intensity scale

Seismic coefficients corresponding to each zone

Zone Remark Modified Mercalli Scale Average Seismic Coefficient Cs
0 No damage - 0

1 Minor damage V and VI 0.03 to 0.07

2 Moderate damage VII 0.13

3 Major damage VIII and higher 0.27

Input Values

Design Inputs

Slope characteristics

Thickness of cover soil h 0.6096 m

Slope angle 13 1844 degrees

28.92Lenght of slope measured along geomembrane L m

Soil characteristics

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 3 Run B2 - Pseudo Static 2

Analysis of Sheet 74 3H-1 V Detail 74 Dredge Cell cover soil 24 inch.doc



Unit weight of the cover soil g
Friction angle of the cover soil f

Cohesion of the cover soil c
Interface frictiond

Interface adhesion Ca
Seismic characteristic

Seismic coefficient Cs

Seisnic Stability Calculation

Solution

Factor of Safety with seismic activity FS 2.996

Factor of Safety no seismic activity FS 4.134

kN/m3

26
?

degrees

11.97 kN/m2

26 degrees

i

957854 kN/mZ

Q\GYPSUM STACKS KINGSTON\Veneer Runs November 17 2004\Case 3 Run B2 - Pseudo Static 3

Analysis of Sheet 74 3H-1 V Detail 74 Dredge Cell cover soi124 inch.doc



Via 1.1 DALCACHE03 NetCache NetApp/5.5R2

go to problem statement input values solution material selection contact help references

Iandfilldesign.com
Slope StabilitySeismic Force - Design Calculator

Problem Statement Case 3 Run B3 - Pseudo-Static phiO Analysis of 3H to 1 V
Dredge Cell Lateral Expansion Sheet 75 E75 Detail cover soil 18 inch thick geocom

drainage net -slope 18.43 degrees L 94.88 feet. Analysis with Undrained Strengths

Phi 0 Analysis Only.

Results FS slope 13.747 1.0 Therefore acceptable

This slope stability calculator utilizes a pseudo-static analysis to determine the factor of safety

FS of a geosynthetic lined slope. This calculator assumes that no seepage forces are present.

The unit gradient calculator can be used to calculate the required transmissivity of the drainage

geocomposite to assure adequate drainage.

Subtitle D of the U.S. EPA regulations requires a seismic analysis if the site has experienced a

0.1 g horizontal acceleration or more in the past 250 years. For the continental USA this does

not only include the western states but major sections of the midwest and northeast as well. The

map below shows the seismic coefficients for various zones in the USA.



Legend

Zone
No damage0

Zone Minor damage corresponds to intensities V and VI on the modified Mercalli

1 intensity scale

Zone Moderate damage corresponds to intensity VII on the modified Mercalli intensity

2 scale

Zone Major damage corresponds to intensity VIII and higher on the modified Mercalli

3 intensity scale

Seismic coefficients corresponding to each zone

Zone Remark Modified Mercalli Scale Average Seismic Coefficient Cs
0 No damage - 0

1 Minor damage V and VI 0.03 to 0.07

2 Moderate damage VII 0.13

3 Major damage VIII and higher 0.27

Input Values

Design Inputs

Slope characteristics

Thickness of cover soil h

Slope angle 9
Lenght of slope measured along geomembrane L
Soil characteristics

0.4572

18.44

28.92

degrees



Unit weight of the cover soil g
Friction angle of the cover soil f

Cohesion of the cover soil c
Interface frictiond

Interface adhesion Ca
Seismic characteristic

Seismic coefficient Cs

Seisnyc Stability Calculation

Solution

21._._.__m_._...

kN/m3

1o degrees

67.05 kN/m2

o degrees

53.6 kN/m2

Factor of Safety with seismic activity FS 13.747

Factor of Safety no seismic activity FS 18.926



ATTACHMENT 7

LIQUEFACTION EVALUATION
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P.b

PARSONS

STANDARD
CALCULATION

SHEET

CLIENT NAME TVA

PROJECT NAME Kingston Ash Disposal Facility KIF

SUBJECT Liquefaction Analysis

REVISION

ORIGINATOR

REVIEWER

DATE

0

Y.S.Shah

G.McNulty

11-17-04

1 2

JOB NO. 55090501

CALC NO. KIF-0-DC-024-C-002

Page 1 of 7

To e..valuate liquefaction potential for existing

proppsed gypsumash stack.

...REFgRENCES...

EVALUATION. STEPS

Peak ground acceleration ama 0.22g.

oundation soils/materials at the location of the

Tennessee Division of Solid Waste Tochnical Guidance Document dated 7129793
- Guidance Document

21 RCRA Sub?itle D258 Seismic Design Guidance for Municipal Waste Landfill

-95/051 dated Aprii 1995. Subtitle D258

Existing subsurface condition based on boring B-9 and CPT-91being
he condition below the stack and worse for this evaluation than B-10

Ground Surf.ace G
SfirTtum Deptli General Description

A GS - 7.5 Compact Fill
_.

Bottqm Ash BA rrredium co mpact fio conlpact

24.5 -- 35.51..Sluiced fly ashFA loose ta medium

355 -49 Natural Clay stiff

49 per CFT-9.

6 7 _Elev 7.57 7_per CPT9. sor.ewhat.loWer...in B 9
For totai and effeGtive vejticeal pressures Tstress andEstress res at variousdep?ls

below GS See CPT t?ble givenlin App?ndix A Besed on thfs table the total ar?d _..._

.effeottueve?kica pressur?s and.?heratio. ar_thes?.pre.ssures ..VpR.j_.atth.e.rr?i k??

the four subsurfacp strat?.n i e. pt deptks 3.75 16 0 30 0eand
-42 respe0tively are

as follows. 1.

....

THIS IS A DESIGN RECORD EP3-2 12196



PARSONS

STANDARD
CALCULATION

SHEET

CLIENT NAME TVA

PROJECT NAME Kingston Ash Disposal Facility KIF

SUBJECT Liquefaction Analysis

REVISION

ORIGINATOR

REVIEWER

DATE

0

Y.S.Shah

G.McNulty

11-17-04

1 2

JOB NO. 55090501

CALC NO. KIF-0-DC-024-C-002

3

Page2of7

Depth

3.75

16.0

30.0

Totaf tsf Effective-tsf

0.23 0.23

VPR TStress

1.000

1.433

1686-

0.96

1.77

2.47
i

4 For vatues ofcorrected N Ni60y aiso seetabielnAppendix.A. Theaverage Nj1601-1.

values obtained from the table and as shown on the tabie are 40 18 and 13 for strata_
..

A Band C respectively. For the ciayey coheslve Stratum D the average su as shown

in the tableis 942psf. The natural clay Straturrt D hagan average iiquid ilmlt of

28.6% average of 25.6% 26.8% 35.9% and 26% and average naturai.mo.isture -

centent of 22.4% average of 24.3% 243% 189% and 21 9fo and is slightly over
consolidated based on the laboeatory test data given in the latest Mactee report and

1975 TVA report .Ais the ciay is gerieraiiy stiff based on fhe CPT data Therefore

Irquefaetion of this ciay is? not likely and is not eonsidered in the foliowrng evaluatlor

..........

5 The values-of the stress reduction f.actor rd for the cohesioniess materials In the top

three strata at the mid-height depths based ori Figure 6Guidance Document re

100 097 and 0.93 respectively. .

6.. The cyciic stress ratio vaiuei based on the V1R and rd 1Vaiuesdeterrnined in Steps

3 and 5 above for amax vaiue of0.22g are caiculated as foiloVus

...

0.65caaX/qxVPl?xr
._ . .......... ..... .....

1065x0.22x1 00x1eQ0 0143

065x022x097x1.433 0199

0 65 x 0 22 93 x 1686 0224-

7 The cyclic strengti? ratio Rf for the

thr?e

matenals based on the N166 values

determined in Step 4 abdve and Figur 7Guidance Dacument are 0 Q25 I?t 6
or 00M -.7 ?i2and 018 ?M-- 6-orQ 14-M 7/? respectively .. .

. ..

ctor
of safety FS............ galnst he initiai iiquefaction for the three materiais is

THIS IS A DESIGN RECORD EP3-2 12/96
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m
PARSONS

CLIENT NAME TVA

PROJECT NAME Kingston Ash Disposal Facility KIF

STANDARD
CALCULATION

SHEET

05/0.143 3.50

SUBJECT Liquefaction Analysis

REVISION

ORIGINATOR

REVIEWER

DATE

The FS values above indjcate thati

generally more compact than the averoge N160 Value indicetes. Also it contains

poc?etsofrnateriell-in Stratum 9 may l?quefydunng the event-but the stratum is

M6

0.25/0199 1.26

0 .18/D.24 0 7..4
_

Straturn Cwdl Iiqpefyduring_the design Seismic event.

If the CPTtabte given in-the.appendix isreviewed closely it-shows that isolated

._ _ _.._ _...........

significant proporton of
c?oarseriash than in Stratum C Further the ash in stratum may

undergo more
cor?solidati1on

as the sta?k
is raised and tikelihoqd of M Zz

correspondjng ta-I Q 22g evenl is Ies$ likely than M 0 Therefore partia Uquefaction

ifany of S?atiam B is nof likelytoa?_.ff.eot the.._stacksignificantly Thus onjlyStratum C............

shouid be considered to Pe e
_ _. .r.._... _

-.... __.._._.....

.......... ........... ...

0

Y.S.Shah

G.McNulty

11-17-04

10 Usihg rig 15 9 in ?tef 2it can be estirliated that the volumetrib strain due to

iqu faction of
?tr?tum

C is 1ikelr to T?eapproximately 2%0 i e it is ikely to undergo a

sefitl m?nt pf onfy2.6 in?hes ?11fit x 0.02 0.22 ft. This magnifiude of the settlernerit

sho4Jd.nat.pe_a.sign.c.ant.cpncprn-for_ithe--pr.op.osed..stack .....

?

THIS IS A DESIGN RECORD

1 2

M712

JOB NO. 55090501

CALC NO. KIF-0-DC-024-C-002

0.20/0.199 1.01

0.141Q 244 0.57

Page 3 of 7

Stroturh B?1 may lipuefy if M 7X for the design seismic event

wis leariy indicated that no surface mttnifestation or an

tcr occr-due-to irquefaction

EP3-2 12/96



PARSONS

STANDARD
CALCULATION

SHEET

CLIENT NAME TVA

PROJECT NAME Kingston Ash Disposal Facility KIF

SUBJECT Liquefaction Analysis

REVISION

ORIGINATOR

REVIEWER

DATE

0 1 2

Y.S.Shah

G.McNulty

11-17-04

THIS IS A DESIGN RECORD

JOB NO. 55090501

CALC NO. KIF-O-DC-024-C-002

I Page4of7

EP3-212J96



ConeTec Inc. - CPT Interpretation

Interpretation Output - Release 1.00.19M

NO
No

ient

Project

Site

Location

Cone

CPT Date

CCPT Time

? CPT File

Northing

Basting

Elevation

Page la

G?F-n--Dc- 024-ovz

F
5e go 7

04-0401-1123-5670

04-717

MACTEC

TVA Kingston

CPT-9

TVA Kingston

20 TON AD142

04/24/03

1320

717CP009.CORm 0.000

m 0.000

m 0.000 V 7 44
-------------------ie

Water Table m 2.05

Unit Weight of Water User Specified 62.40 pcf

Su Nkt used 12.50 Su/P nc 0.30

Averaging Increment m 0.10
-rq

Phi Method Robertson and Campanella 1983

Dr Method Jamiolkowski - A11 Sands

State Parameter M 1.20

Used Unit Weights Assigned to Soil Zones
?

Values of 1.DE9 or UnDef are printed for parameters that are not valid for the material type SBT
-

------------------------------------------------------------------------------------------------------------------------------3Depth AvgQt AvgFs AvgRf AvgUd SBT U.Wt. TStress EStress Ueq Cn N60 Nl60 Su CRR
ft tsf tsf ft pcf tsf tsf tsf blows/ft tsf.

-------------------------------------------------------------------------------------------------------------------------------0.1690.9 0.34 0.37 0.6 8 120.9 0.01 0.01 0.00 2.00 21.8 43.5 UnDef 0.00
11 0.49 96.0 1.28 1.33 0.4 8 120.9 0.03 0.03 0.00 2.00 23.0 46.0 UnDef 0.00

0.82 256.0 2.30 0.90 0.3 9 124.1 0.05 0.05 0.00 2.00 49.0 98.1 UnDef 0.00

1-.15 293.7 2.75 0.94 -0.3 9 124.1 0.07 0.07 0.00 2.00 56.3 112.5 UnDef 0.00

?8
384.1 3.89 1.01 -0.6 9 124.1 0.09 0.09 0.00 2.00 73.6 147.1 UnDef 0.00

0 398.6 5.71 1.43 2.7 9 124.1 0.11 0.11 0.00 2.00 76.3 152.7 UnDef 0.00
2.13 307.1 4.44 1.45 2.7 8 120.9 0.13 0.13 0.00 2.00 73.5 147.0 UnDef 0.00
2.46 311.4 1.60 0.52 0.1 10 127.3 0.15 0.15 0.00 2.00 49.7 99.4 UnDef 0.00
2 79 27

?
?j

3.8 2.14 0.78 6.2 9 124.1 0.17 0.17 0.00 2.00 52.4 104.9 UnDef 0.00
3.12 255.0 2.40 0.94 1.4 9 124.1 0.19 0.19 0.00 2.00 48.8 97.7 UnDef 0.00
3.44 293.4 2.50 0.85 2.5 9 124.1 0.21 0.21 0.00 2.00 56.2 112.4 UnDef. 0.00
3.77 343.4 3.40 0.99 0.4 9 124.1 0.23 0.23 0.00 2.00 65.8 131_5 UnDef 0.00
4.10 327.0 3.43 1.05 -2.8 9 124.1 0.25 0.25 0.00 1.99 62.6 Q 124.4 UnDef 0.00
4.43 294.0 2.97 1.01 -6.5 9 124.1 0.27 0.27 0.00 1.91 56.3 t 107.6 UnDef 0.00
4.76 242.8 2.35 0.97 -10.0 9 124.1 0.29 0.29 0.00 1.84 46.5 85.7 UnDef 0.00

14 5.09 178.9 1.69 0.95 -8.7 9 124.1 0.31 0.31 0.00 1.78 34.3 Q 61.1 UnDef 0.00
5.41 144.5 1.25 0.87 -8.6 9 124.1 0.33 0.33 0.00 1.73 27.7 ? 47.8 UnDef 0.00
5.74 126.3 0.64 0.50 -11.1 9 124.1 0.36 0.36 0.00 1.68 24.2 -Z 40.6 UnDef 0.00
6.07 100.0 0.59 0.59 -5.5 8 120.9 0.38 0.38 0.00 1.63 24.0 pj 39.1 UnDef 0.46? 6.40 97.1 0.59 0.60 -3.1 8 120.9 0.40 0.40 0.00 1.59 23.2 37.0 UnDef 0.40
6.73 88.1 0.45 0.51 0.5 8 120.9 0.42 0.42 0.00 1.55 21.1 32.7 UnDef 0.30
7.05 57.0 0.22 0.38 0.3 8 120.9 0.43 0.43 0.01 1.53 13.6 20.9 UnDef 0.14

ng

7.38 34.4 0.20 0.57 2.9 7 117.8 0.45 0.43 0.02 1.52 11.0 16.7 UnDef 0.10
7.79 23.6 0.10 0.40 3.7 7 117.8 0.48 0.45 0.03 1.50 7.5 11.3 UnDef 0.08
8.20 20.9 0.06 0.29 6.5 7 117.8 0.50 0.46 0.05 1.48 6.7 9.9 UnDef 0.08
8.53 27.4 0.06 0.20 0.7 7 117.8 0.52 0.47 0.06 1.46 8.8 12.8 UnDef 0.09
8.86 27.3 0.09 0.31 2.8 7 117.8 0.54 0.48 0.07 1.45 8.7 12.6 UnDef 0.09
9.19 43.0 1.39 3.23 3.6 5 114.6 0.56 0.48 0.08 1.44 20.6 29.6 3.39 0.23
9.51 39.4 1.43 3.63 4.4 5 114.6 0.S8 0.49 0.09 1.42 18.9 26.9 3.10 0.25
9.84 13.3 0.38 2.83 7.9 5 114.6 0.60 0.50 0.10 1.41 6.4 9.0 1.02 0.15

10.17 7.5 0.07 0.94 9.7 5 114.6 062 0.51 0.11 1.40 3.6 5.0 0.55 0.09
10.50 5.3 0.11 2.10 10.4 4 114.6 0.64 0.52 0.12 1.39 3.4 4.7 0.37 0.08
10.83 12.6 0.07 0.56 4.9 6 114.6 0.65 0.53 0.13 1.38 4.8 6.6 0.95 0.08
11.15 17.2 0.07 0.41 -0.4 6 114.6 0.67 0.54 0.14 1.37 6.6 9.0 1.32 0.00

8 20.2 0.10 0.47 7.8 7 117.8 0.69 0.54 0.15 1.36 6.4 8.7 UnDef 0.00
1 25.4 0.07 0.28 -0.8 7 117.8 0.71 0.55 0.16 1.34 8.1 10.9 UnDef 0.08

14 35.7 0.15 0.41 4.4 7 117.8 0.73 0.56 0.17 1.33 11.4 15.2 UnDef 0.09
7 12.47 60.4 0.28 0.46 5.2 8 120.9 0.75 0.57 0.18 1.32 14.5 19.1 UnDef 0.12

12.80 60.9 0.46 0.76 6.6 8 120.9 0.77 0.58 0.19 1.31 14.6 19.1 UnDef 0.14?

-------------- ---------------------------------------------------------------------

ft 6.7 -L-eV. 757 7?

L

L



KIF -0 -DG-024-20Z

-
J ConeTec Inc. - CPT Interpretation Page 2a 1QS e 6 df- 7

Run NO 04-0401-1123-5670

CPT File 717CP009.COR

AvgQt AvgFs AvgRf AvgUd SBT U.Wt. TStress EStress Ueq Cn N60 N160 Su CRR

-TTc1 tsf tsf ? ft pcf tsf tsf tsf blows/ft tsf
-------------------------------------------------------------------------------------------------------------------------------

-

z--------------------------------------------------------------------------------------------------------------- ------

13.12

13.45

13.78

51.4

40.3

30.0

14.11 25.6

14.44 26.0

._.. 14.76 27.3

15.09 25_7

15.42 21.2

? 15.75 20.9

16.08 22.3

16.40 29.5

16.73 42.1

17.06 45.8

17.3942.6r
17.72 49.9

18.04 53.6

18.37 52.0

18.70 68.4

19.03 125.1

19.36 150.1

19.68 169.6

20.01 205.8

20.34 294.7

20.67 300.7

21.00 210.1

21.33 168.7

21.65 169.3

98 121.1

1 59.8

4 67.4

22.97 101.1

23.29 112.4

23.62 72.3

23.95 74.0

24.28 49.8

24.61 32.3

--r 24.93 19.1

25.26 16.7

25.59 9.3

25.92 19.5

26.25 33.7

26.57 30.3

26.90 29.1

27.23 26.1

? 27.56 28.3

27.89 34.6

28.21 27.9

28.54 18.9

r 28.87 24.8

29.20 32.6

29.53 28.4

29.86 25.9

-. 30.18 23.2

30.59 20.2

31.00 18.2

31.33 14.5

- 31.66 12.1

31.99 14.4

432 12.2

64 10.8

32.97 9.7

33.30 8.8

0.44 0.85 6.9 7 117.8 0.79 0.59 0.20

0.25 0.61 8.6 7 117.8 0.81 0.60 0.21 1.29 12.9
0.12 0.38 11.8 7 117.8 0.83 0.61 0.22 1.28 9.6

0.10 0.37 10.2 7 117.8 0.85 0.62 0.23 1.27 8.2
0.15 0.56 15.6 7 117.8 0.87 0.63 0.24 1.26 8.3

0.18 0.64 19.6 7 117.8 0.89 0.64 0.25 1.25 8.7

0.15 0.59 16.9 7 117.8 0.91 0.65 0.26 1.25 8.2

0.11 0.52 19.9 7 117.8 0.93 0.65 0.27 1.24 6.8

0.16 0.77 18.4 6 114.6 0.94 0.66 0.28 1.23 8.0
0.16 0.72 19.9 6 114.6 0.96 0.67 0.29 1.22 8.5

0.14 0.46 23.0 7 117.8 0.98 0.68 0.30 1.21 9.4

0.09 0.20 16.5 8 120.9 1.00 0.69 0.31 1.20 10.1
0.20 0.43 19.4 8 120.9 .1.0 0.70 0.32 1.20 11.0
0.34 0.80 33.2 7 117.8 1.04 0.71 0.33 1.19 13.6
0.53 1_05 35.5 7 117.8 1.06 0.72 0.34 1.18 15.9
0.61 1.13 29.7 7 117.8 1.08 0.73 0.35 1.17 17.1
0.57 1.10 34.1 7 117.8 1.10 0.74 0.36 1.17 16.6
0.87 1.27 35.3 7 117.8 1.12 0.75 0.37 1.16 21.8
1.23 0.99 29.8 8 120.9 1.14 0.75 0.38 115 30.0
2.87 1.91 6.1 7 117.8 1.16 0.76 0.39 1.14 47.9
4.20 2.47 9.9 7 117.8 1.18 0.77 0.40 1.14 54.1
5.68 2.76 15.2 7 117.8 1.20 0.78 0.41 1.13 65.7
6.77 2.30 41.1 7 117.8 1.22 0.79 0.42 1.12 94.1
6.45 2.14 1.7 8 120.9 1.24 0.80 0.43 1.12 72.0
4.76 2.26 -0.9 7 117.8 1.25 0.81 0.44 1.11 67.1
4.00 2_37 4.3 7 117.8 1.27 0.82 0.46 1.11 53.9
3.96 2.34 7.8 7 117.8 1.29 0.83 0.47 1_10 54.0
3.61 2.98 8.4 6 114.6 1.31 0.84 0.48 1.09 46.4
2.17 3_63 36.7 5 114.6 1.33 0.85 0.49 1.09 28.6

_1.40 2.08 19.1 7 117.8 1.35 0.85 0.50 1.08 21.5
1.47 1.46 20.7 8 120.9 .1.3 0.86 0.51 1.08 24.2
1.98 1.76 19.7 7 117.8 1.39 0.87 0.52 1.07 35.9
1.66 2.30 54.6 7 117.8 1.41 0.88 0.53 1.06 23.1
1.22 1.65 57.3 7 117.8 1.43 0.89 0.54 1.06 23_6
0.90 1.80 41.2 7 117.8 1.45 090 0.55 1 05 15 9

0.37 1.13 70.2 7 117.8 1.47 0.91 0.56 1.05 10.3
0.20 1.02 115.7 6 114.6 1.49 0.92 0.57 1.04 7.3

0.11 0.66 72.1 6 114.6 1.50 0.93 0.58 1.04 6.4
018 1.88 100.0 5 114.6 1.52 0.94 0.59 1.03 4.5
0.28 1.42 50.1 6 114.6 1.54 0.94 0.60 1.03 7.5

0.51 1.50 28.8 6 114.6 1.56 0.95 0.61 1.02 12.9
0.52 1.70 27.3 6 114.6 1.58 0.96 0.62 1.02 11.6
0.47 1.62 27.3 6 114.6 1.60 0.97 0.63 1.02 11.2
0.33 1.27 24.3 6 114.6 1.62 0.98 0.64 1.01 10.0
0.25 0.87 23.8 7 117.8 1.64 0.99 0.65 1.01 9.0

0.34 0.99 24.1 7 117.8 1.66 1.00 0.66 1.00 11.0
0.54 1.94 30.9 6 114.6 1.67 1.00 0.67 1.00 10.7
0.40 2.12 89.6 6 114.6 1.69 1.01 0.68 0.99 7.3
0.57 2.28 87.8 6 114.6 1.71 1.02 0.69 0.99 9.5

0.64 1.97 88.9 6 114.6 1.73 1.03 0.70 0.99 12.5
F-A0.61 2.16 109.3 6 114.6 1.75 1.04 0.71 0.98 10.9 C 10.7 2.13 0.31

0.50 1.93 117.5 6 114.6 1.77 1.05 0.72 0.98 9.9 9.7 1.93 0.26
0.47 2.03 108.3 6 114.6 1.79 1.06 0.73 0.97 8.9 8.7 1.72 0.21
0.35 1.75 109.3 6 114.6 1.81 1.07 0.74 0.97 7.7 7.5 1.47 0.16

0.35 1.90 103.5 6 114.6 1.83 1.08 0.76 0.96 7.0 ? 6.7 1.31 0.14
0.31 2.14 93.5 5 114.6 1.85 1.09 0.77
0.22 1.83 104.5 5 114.6 1.87 1.09 0.78

0.31 2.17 83.9 5 114.6 1.89 1.10 0.79
0.25 2.01 78.4 5 1146 1.91 1.11 0.80
0.19 1.72 82.8 5 114.6 1.93 1.12 0.81
0.10 0.98 90.8 5 114.6 1.95 1.13 0.82

0.05 0.57 91.3 6 114.6 1.97 1.14 0.83

1.30 16.4 21.4 UnDef 0.12

0.96 6.9 6.7 1.01 0.11

0.96 5.8 5.5 0.81 0.10

0.95 6.9 6.5 1.00 0.11

0.95 5.8 5.5 0.82 0.10

0.94 5.2 4.9 0.71 0.09

0.94 4.7 4.4 0.62 0.09

0.94 3.4 3.1 0.54 0.09

t. 16.6 UnDef 0.10

12.3 UnDef 0.08

10.4 UnDef 0.08

10.5 UnDef 0.09

N110.9 UnDef 0_09
kT

1v.L vrlver v.u

8.4 UnDef 0.09 1

9.8 1.59 0.09

10.4 1.71 0.09

11.4 UnDef 0.08

111

12.1 UnDef 0.09
tr3

0.0913.1 UnDef

-??

1

16.1 UnDef 0.11 T.

18.8 UnDef 0.19

20.1 UnDef 0.13

- 19.3. UnDef 0.13

25.3 UnDef 0.17 S
34.5 UnDef 0.39

54.8 UnDef 0.00
r

1 61.6 UnDef 0.00

74.3 UnDef 0.00
O 05.8. UnDef 0.00

0 80.5 UnDef 0.00

?9 74.5 UnDef 0.00

Z? 59.5 UnDef 0.00

59.4 UnDef 0 nn
w
50.7 9.58 0.00

?31.2 4.68 0.44

23.3 UnDef 0.23

26.0 UnDef 0.30

38.4. UnDef 0.40

24.6 UnDef 0.27

25.0 UnDef 0.21
\

6.8 UnDef 0.16

10.8 UnDef 0.11

7.6 1.41 0.11

6.6 1.21 0.09

4.6 0.62 0.09

7.7 1.43 0.17

13.2 2.57 0.13

11.8 2.30 0.15

11.3 2.20 0.14

10.1 1.96 0.12 ?
9.1 UnDef 0.10

11.1 UnDef 0.11 G
? 10.7 2.10 0.22 S

7.2 1.38 0.15

9.4 1.85 0.24

i 12.3 2.47 0.19
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3a

IF_D1D6-024-002

Pt5e 7dC 7

h AvgQt AvgFs AvgRf AvgUd SET U.Wt. TStress EStress Ueq Cn N60 N160 Su CRR

t tsf tsf M ft pcf tsf tsf tsf blows/ft tsf
-----------------------------------------------------------------------
-------------------------------------------------------33.6311.5 0.05 0.44 97.1 6 114.6 1.98 1.15 0.84 0.93 4.4 4.1 0.76 0.09

33.96 15.1 0.05 0.33 84.6 6 114.6 2.00 1.15 0.85 0.93 5.8 5.4 1.05 0.00

34.28 13.6 0.08 0.55 98.1 6 114.6 2.02 1.16 0.86 0.93 5.2 4.8 0.93 0.10

34.61 24.8 0.19 0.75 106.3 7 117.8 2.04 1.17 0.87 0.92 7.9 7.3 UnDef 0.10

34.94 28.3 0.35 1.24 101.2 6 114.6 2.06 1.18 0.88 0.92 10.8 10.0 2.10 0.14

35.27 34.4 0.66 1.91 93.0 6 114.6 2.08 1.19 0.89 0.92 13.2 12.1 2.59 0.24?
35.60- 29.2 063 2.16 639 y 6._._. 114. 6_- ? i c ir 0 90 0.91 11.2 10.2 2 17-. 0.29

35.92 21.2 0.37 1.75 76.1 6 114.6 2.12 1.21 0.91 0.91 8.1 7.4 1.53 0.16

36.25 14.6 0.21 1.44 71.4 6 114.6 2.14 1.21 0.92 0.91 5.6 5.1 1.00 0.11

36.58 8.3 0.09 1.08 83..9 5 114.6 215 1.22 0.93 0.90 4.0 3.6 b.50 0.08

36.91 7.3 0.03 041 88.1 1 111.4 2.17 1.23 0.94 0.90 3.5 3.2 0.41 0.00

37.24 5.2 0.03 0.57 100.7 1 1114 2.19 1.24 0.95 0.90 2.5 2.3 0.24 0.00

37.571? 7.1 0.04 0.56 108.7 1 111.4 2.21 1.25 0.96 0.90 3.4 3.1 0.39 0.00

37.89 9.6 0.10 1.05 111.1 5 114.6 2.23 1.26 0.97 0.89 4.6 4.1 0.59 0.09

38.22 9.5 0.17 1.75 101.1 5 114.6 2.25 1.26 0.98 0.89 4.5 4.0 0.58 0.09

38.55 10.9 0.14 1.29 77.2 5 114.6 2.27 1.27 0.99 0.89 5.2 4.6 0.69 0.09 V

38.88 10.5 0.08 0.72 35.7 6 114.6 2.28 1.28 1.00 0.88 4.0 3.5 0.66 0.09

39.21 7.5 0.06 0.80 56.7 5 114.6 2.30 1.29 1.01 0.88 3.6 3.2 0.41 0.08 ?I
39.53 7.4 0.06 0.74 70.4 5 114.6 2.32 1.30 1.02 0.88 3.6 3.1 0.41 0.08

39.86 7.5 0.04 0.53 79.5 1 111.4 2.34 1.31 1.03 0.87 3.6 3.2 0.42 0.00

? 40.19 6.7 0.03 0.45 78.5 1 111.4 2.36 1.32 1.04 0.87 3.2 2.8 0.35 0.00

40.52 6.9 0.04 0.51 80.3 1 111.4 2.38 1.32 1.05 0.87 3.3 2.9
??. 0.36 0.00

GL
A 40.85 5.8 0.04 0.60 82.3 1 111.4 2.40 1.33 1.06 0.87 2.8 2.4 ? 0.27 0.00

41.17 6.5 0.03 0.46 86.9 1 111.4 2.41 1.34 1.07 0.86 3.1 2.7 0.33 0.00

41.50 6.6 0.03 0.45 74.7 1 111.4 2.43 1.35 1.08 0.86 3.2 2.7 0.34 0.00

41.83 6.2 0.03 0.49 82.7 1 111.4 2.45 1.36 1.09 0.86 3.0 2.5 rU 0.30 0.00

42.16 6.7 0.03 0.45 86.1 1 111.4 2.47 1.36 1.11 0.86 3.2 2.8 0.34 0.00
49 7.10.03 0.42 87.5 1 111.4 2.49 1.37 1.12 0.85 3.4 2.9 0.37 0.00

1 8.5 0.03 0.35 78.8 1 111.4 2.51 1.38 1.13 0.85 4.1 3.5 0.48 0.00
3.14 7.5 0.03 0.40 74.5 1 111.4 2.52 1.39 1.14 0.85 3.6 3.1 0.40 0.00

43.47 6.7 0.03 0.45 90.0 1 111.4 2.54 1.40 1.15 0.85 3.2 2.7
Xi

0.33 0.00
43.80 7.7 0.04 0.52 90.5 1 111.4 2.56 1.40 1.16 0.84 3.7 3.1

?Ji5

0.41 0.00

-- 44.13 9.2 0.09 0.98 70.4 5 114.6 2.58 1.41 1.17 0.84 4.4 3.7 0.53- 0.09
44.45 9.4 0.11 1.12 66.4 5 114.6 2.60 1.42 1.18 0.84 4.5 3.8 0.55 0.09

-?$ 44.78 11.4 0.18 1.59 70.4 5114.6 2.62 1.43 1.19 0.84 5.4 4.6 0.70. 0.09
45.11 13.2 0.35 2.67

_

34.7 5 114.6 2.63 1.44 1.20 0.83 6.3 5.3 0.84 0.00
45.44 12.7 0.39 3.08 37.8 4 114.6 2.65 1.45 1.21 0.83 8.1 6.7 0.80 0.00
45.77 10.4 0.27 2.60 49.6 5 114.6 2.67 1.45 1.22 0.83 5.0 4.1 0.62 0.00

10? 46.10 7.9 0.17 2.16 41.4 4 114.6 2.69 1.46 1.23 0.83 5.0 4.2 0.42 0.00
46.42 7.9 0.13 1.66 56.3 5 114.6 2.71 1.47 1.24 0.82 3.8 3.1 0.41 0.08

--146.75 9.3 0.14 1.51 57.1 5 114.6 2.73 1.48 1.25 0.82 4.4 3.7 0.52 0.08

47.08 10.0 0.22 2.21 54.5 5 114.6 2.75 1.49 1.26 0.82 4.8 3.9 0.58 0.00
47.41 15.6 0.40 2.54 78.4 5 114.6 2.77 1.50 1.27 0.82 7.5 6.1 ? 1.03 0.10
47.74 17.5 0.40 2.21. 27.9 5 114.6 2.79 1.51 1.28 0.81 8.4 6.8 11.18 0.11

48.06 14.8 1.57 10.6i 420 3 111.4 2.80 1.51 1.29 0.81 14.2 11.5 lc0.96 0.00

48.39 126.6 2.20 -L.73 -0.2 7 117.8 2.82 1.52 1.30 0.81 40.4 32.7 UnDef 0.38
14 48.72 120.4 2.10 1.74 -21.2 7 117.8 2.84 1.53 1.31 0.81 38.4 31.1 UnDef 0.36

49.05 67.3 1.82 2.71 -20.2 6 114.6 2.86 1.54 1.32 0.81 25.8 20.8 5.16 0.00
-

-i
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