Bolivar Dam Seepage Analysis - Base Condition

Station

5+00

Model Expected Saturated Hydraulic Conductivity Values: Horizontal (Kx) and Vertical (Ky

Material Kx (ft/s) (cim/s) Ky (ft/s) (cm/s) |KylKx Kx/Ky Model Color
Core 8 2E-07 1.6E-07 2 0E-01 5.0E+00 Dark Red
Shell 6.2E-04 6.2E-05 1.0E-01 1.0E+01 Light Purple
Foundation gravel 3.3E-02 1.7E-02 52E01 1.9E+00 Turquoise
Foundation sile sand 28E-03 23E-04 8. 5E-02 1.2E+01 Light Yellow
Sandy day 2 6E05 5JE.06 20E01 5O0E:00  |Dark Blue
Parapet wall — — Non-permeable
Bedrock Non-permeable NA
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Bolivar Dam Seepage Analysis - Base Condition

Station

Pool Elevation (ft)

Tail Elevation (ft)

5+00

936

894

Model Predictions

990

890

840

o0

Piezometric Levels Quantity of Seepage
Piezometer |Predicted (ft) Location Predicted (ft:‘!s;‘ft} Predicted (gal/min/ft)
CD-1 917 4 Above Toe 6 7E-09 0.0
CD-28 916 .6 Toe 4 8E-09 00
CD-8 916.5 D/S Plateau 9 6E-09 00
C-04-01 9133 D/S of Plateau 1.1E-03 05
990 — —
_ .
= M I§=— 1 : e o
5 —— B —
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Distance (ft) (x 1000)
Notes:

1. Maximum "exit gradient" listed for the toe region is actually the maximum seepage gradient measured near the phreatic surface

Model Safety Predictions

Predicted Exit Gradients (i)

Predicted Minimum Factors of Safety (FS)

Vsat (PCT) Yu (pcf) ¢ (degrees) icv ich

120.0 o76 33.0 0.92 0.60
i\r max ih max iv max ih max
(Toe) (Toe) (D/S of Plateau) |(D/S of Plateau)

0.01 0.01 0.03 0.01

FSpiping)
(Toe)

FSipiping)
(D/S of Plateau)

59.95

36.92

st_pmgressive erosion)
(Under Seepage)

42 .46
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Bolivar Dam Seepage Analysis - Base Condition

Station

Pool Elevation (ft)

Tail Elevation (ft)

5+00 949

896

Model Predictions

1. Observed piezometric data are maximum readings during January 1991
2. Piezometers were not yet installed or measurements were not made for observed piezometer readings indicated as NA
3. Maximum “exit gradient” listed for the toe region is actually the maximum seepage gradient measured near the phreatic surface

Piezometric Levels Quantity of Seepage
Piezometer |Predicted (ft) Observed (ft) Location Predicted (ft3/s/ft) | Predicted (gal/min/ft)
CD-1 9312 9316 Above Toe 54E-08 0.0
CD-28 930.2 9316 Toe 3.7E-08 0.0
CD-8 9299 9316 D/S Plateau 6 1E-08 00
C-04-01 9251 NA D/S of Plateau 53E-03 24
Avg. Absolute Difference (ft) = 12
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Model Safety Predictions

Predicted Exit Gradients (i)

Predicted Minimum Factors of Safety (FS)

. FSipiping) FSipiping)
Vsat (PSf) Vi (PCf) ¢ (degrees) lev ‘e (Toe) (DIS of Plateau)
1200 576 33.0 0.92 0.60 46.15 545
ivrnax ih max Iiv max ih max Fs{pmgreesive erogion)
(Toe) (Toe) (D/S of Plateau) |(D/S of Plateau) {Under Seepage)
0.02 0.01 0.11 0.11 6.27
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Bolivar Dam Seepage Analysis - Base Condition

Station

Pool Elevation (ft)

Tail Elevation (ft)

5+00 952

906

Model Predictions

1. Observed piezometric data are maximum readings during January 2005
2. Seepage was noted downstream of the downstream plateau during January 2005 but flow rate was not measured
3. Maximum “exit gradient” listed for the toe region is actually the maximum seepage gradient measured near the phreatic surface

Piezometric Levels Quantity of Seepage
Piezometer |Predicted (ft) Observed (ft) Location Predicted (ft:‘!s;‘ft} Predicted (gal/min/ft)
CD-1 9386 9353 Above Toe 2 1E-07 0.0
CD-28 936.9 9358 Toe 14E-07 0.0
CD-8 936.8 9343 D/S Plateau 2 TE-O7 00
C-04-01 930.6 929 2 DIS of Plateau 9 1E-03 41
Avg. Absolute Difference (ft) = 21
990 — — 930
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Distance (ft) (x 1000)
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Model Safety Predictions

Predicted Exit Gradients (i)

Predicted Minimum Factors of Safety (FS)

Vsat (PCT) Yu (pcf) ¢ (degrees) icv ich

120.0 o76 33.0 0.92 0.60
i\r max ih max iv max ih max
(Toe) (Toe) (D/S of Plateau) |(D/S of Plateau)

0.02 0.02 0.18 0.10

FSpiping)
(Toe)

FSipiping)
(D/S of Plateau)

39.96

5.13

st_pmgressive erosion)

(Under Seepage)

590
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Bolivar Dam Seepage Analysis - Base Condition

Station Pool Elevation (ft) |Tail Elevation [fT)
5+00 962 908.5
Model Predictions
Piezometric Levels Quantity of Seepage
Piezometer |Predicted (ft) Location Predicted (ft:‘!s;‘ft} Predicted (gal/min/ft)
CD-1 9501 Above Toe 84E-06 0.0
CD-28 9475 Toe 1.1E-04 0.0
CD-8 946.6 D/S Plateau 1.2E-04 0.1
C-04-01 936.6 D/S of Plateau 1.8E-02 8.1
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_ < AN
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Notes:
1. Maximum "exit gradient" listed for the toe region is actually the maximum seepage gradient measured near the phreatic surface
Model Safety Predictions
Predicted Exit Gradients (i) Predicted Minimum Factors of Safety (FS)
i i FS piping) F S piping)
C c i i
Vsat (PCT)  |Vi(pCT) ¢ (degrees) ov ch (Toe) (D/S of Plateau)
1200 576 33.0 0.92 0.60 23.08 440
i\r max ih max iv max ih max st_pmgressive erosion)
(Toe) (Toe) (D/S of Plateau) |(D/S of Plateau) (Under Seepage)
0.04 0.02 0.21 0.11 505
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Bolivar Dam Seepage Analysis - Base Condition

Station Pool Elevation (ft) |Tail Elevation [fT)
5+00 964 908.5
Model Predictions
Piezometric Levels Quantity of Seepage
Piezometer |Predicted (ft) Location Predicted (ft:‘!s;‘ft} Predicted (gal/min/ft)
CD-1 9512 Above Toe 1 1E-05 0.0
CD-28 048 5 Toe 16E-04 0.1
CD-8 947 6 D/S Plateau 1.7E-04 01
C-04-01 937 4 D/S of Plateau 2 0E-02 9.0
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Distance (ft) (x 1000)
Notes:
1. Maximum "exit gradient" listed for the toe region is actually the maximum seepage gradient measured near the phreatic surface
Model Safety Predictions
Predicted Exit Gradients (i) Predicted Minimum Factors of Safety (FS)
i i FS piping) F S piping)
C c i i
Vsat (PCT)  |Vi(pCT) ¢ (degrees) ov ch (Toe) (D/S of Plateau)
1200 576 33.0 092 0.60 20.51 440
i\r max ih max iv max ih max st_pmgressive erosion)
(Toe) (Toe) (D/S of Plateau) |(D/S of Plateau) (Under Seepage)
0.05 0.03 021 011 505
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Bolivar Dam Seepage Analysis - Base Condition

Station

Pool Elevation (ft)

Tail Elevation (ft)

5+00

982

930

Model Predictions

Piezometric Levels Quantity of Seepage
Piezometer |Predicted (ft) Location Predicted (ft:‘!s)‘ft} Predicted (gal/min/ft)
CD-1 9612 Above Toe 12E-04 0.1
CD-28 9563 Toe 2 1E-03 09
CD-8 956 .4 D/S Plateau 4 8E-03 22
C-04-01 9410 D/S of Plateau 2 9E-02 13.0
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Model Safety Predictions
Predicted Exit Gradients (i) Predicted Minimum Factors of Safety (FS)
; ; FSpiping) FSipiping)
C c i i
Vsat (PCT)  |Vi(pCT) ¢ (degrees) ov ch (Toe) (D/S of Plateau)
1200 576 33.0 092 0.60 4.40 999
i\r max ih max iv max ih max st_pmgressive erosion)
(Toe) (Toe) (D/S of Plateau) |(D/S of Plateau) (Under Seepage)
0.21 012 007 0.06 505
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Bolivar Dam Seepage Analysis - Base Condition

Station
5+00
Model Safety Predictions Summary
Minimum Factors of Safety
Pool Elevation (ft), |FSpiping FS(piping) FS progressive erosion)
Tail Elevation (ft) {Toe) (D/S of Plateau) (Under Seepage)
936, 894 599 369 425
949, 896 46.2 54 6.3
952, 906 400 51 59
962, 908 5 231 4.4 51
964, 908 5 205 4.4 51
982, 930 44 100 5.1
Minimum Factors of Safety Against Erosion
100 37 S -
S o O FS(piping)
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936, 894 949, 896 952, 906 962, 908.5 964,908 5 982, 930
Pool Elevation (ft), Tail Elevation (ft)
Model Calibration Summary
Pool Elevation (ft), Field Data |[Avg. Absolute Difference of Predicted Additional
Tail Elevation (ft) Date and Observed Piezometric Levels (ft)
Pool = 949, Tail = 896 Jan-1991 12 Seepage noted D/S of plateau on field data date is
Pool =952, Tail = 906 Jan-2005 21 predicted by model; flow rates of observed seepage were
Average 16 not measured in field
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Bolivar Dam Seepage Analysis - Base Condition
Station
20+00
Model Expected Saturated Hydraulic Conductivity Values: Horizontal (Kx) and Vertical (Ky)
Material Kx (ft/s) (cm/s) |Ky (ftis) (cm/s) |KylKx Kx/Ky Model Color
Core 1 2.0E-01 5.0E+00 Dark Red
Shell 1.0E-01 1.0E+01 Light Purple
Foundation gravel 5.2E-01 1.9E+00 Turquoise
Foundation silty sand 8.5E-02 1.2E+01 Light Yellow
Upstream blanket 2 OE-01 5.0E+00 Dark Purple
Parapet wall ] ~ Non-permeable
Bedrock Non-permeable NA
0= Parapet wall Care Model 1%
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040 |— — — gravel _loag
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Bolivar Dam Seepage Analysis - Base Condition

1. Observed piezometric data are maximum readings during September 2004
2. Maximum "exit gradient” listed for the toe region is actually the maximum seepage gradient measured near the phreatic surface

Station Pool Elevation (ft) |Tail Elevation (ft)
20+00 936 894
Model Predictions
Piezometric Levels Quantity of Seepage
Piezometer |Predicted (ft) Observed (ft) Location Predicted (ft:‘!s)‘ft} Predicted (gal/min/ft)
CD-3 9199 9173 Above Toe 1 4E-08 0.0
CD-17 9204 9216 Toe 33E-08 00
D-65 9178 9144 D/S Plateau 1.2E-08 0.0
Avg. Absolute Difference {ft) = 24 D/S of Plateau 19E-03 09
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Notes:

Model Safety Predictions

Predicted Exit Gradients (i)

Predicted Minimum Factors of Safety (FS)

i - FSpiping) FSpiping)
C c i i
Vsat (PCT)  |Vi(pCT) ¢ (degrees) ov ch (Toe) (D/S of Plateau)
1200 o7 .6 33.0 092 0.60 39.96 11.99
i\r max ih max iv max ih max st_pmgressive erosion)
(Toe) (Toe) (D/S of Plateau) |(D/S of Plateau) (Under Seepage)
0.01 0.02 0.06 0.05 13.79
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Bolivar Dam Seepage Analysis - Base Condition

Station

Pool Elevation (ft)

Tail Elevation (ft)

20+00

949

896

Model Predictions

Piezometric Levels Quantity of Seepage
Piezometer |Predicted (ft) Observed (ft) Location Predicted (ft3/s/ft) | Predicted (gal/min/ft)
CD-3 9299 9309 Above Toe 6 6E-08 0.0
CD-17 930.3 9299 Toe 14E-07 0.0
D-65 926 9 NA DIS Plateau 55E-08 0.0
Avg. Absolute Difference (ft) = 07 D/S of Plateau 4 2E-03 19
990 — — 930
¥ A
910 |— = ﬂ _loso
= - / /
ES ol D-65
~ 8% |— (24+87) (25+18) —1 890
c._-: C]
2490
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.1.:}" 3 = ] < ol
o790 — / S - & = — 790
740 — — 740
S I I l | I | | | | l | I l l | I | | I P
07 08 035 04 03 02 01 oo 01 02 03 04 03 06 o7 08 09 10 11 1z 13
Distance (ft) (x 1000)
Notes:

1. Observed piezometric data are maximum readings during January 1991
2. Piezometers were not yet installed or measurements were not made for observed piezometer readings indicated as NA
3. Maximum "exit gradient” listed for the toe region is actually the maximum seepage gradient measured near the phreatic surface

Model Safety Predictions

Predicted Exit Gradients (i)

Predicted Minimum Factors of Safety (FS)

Vsat (PC) Vs (pcf) o (degrees) ey ity

120.0 576 33.0 0.92 0.60
ivrnax ihmax Iivmam ih max
{Toe) (Toe) (D/S of Plateau) |(D/S of Plateau)

0.01 0.02 0.12 0.07

FS piping)
(Toe)

FSipiping)
(D/S of Plateau)

29.97

7.69

Fs{pmgreesive erogion)

{Under Seepage)

8.85
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Bolivar Dam Seepage Analysis - Base Condition

Station

Pool Elevation (ft)

Tail Elevation (ft)

20+00

952

906

Model Predictions

1. Observed piezometric data are maximum readings during January 2005
2. Maximum "exit gradient” listed for the toe region is actually the maximum seepage gradient measured near the phreatic surface

Piezometric Levels Quantity of Seepage
Piezometer |Predicted (ft) Observed (ft) Location Predicted (ft:‘!s)‘ft} Predicted (gal/min/ft)
CD-3 9349 9336 Above Toe 1.5E-07 0.0
CD-17 935.7 932 5 Toe 3 2E07 0.0
D-65 9331 929 6 D/S Plateau 1.4E-07 0.0
Avg. Absolute Difference {ft) = 27 D/S of Plateau 51E-03 23
990 — — 990
W A
a0 |— e = —‘—.“_ — | 540
2 - F
= -17 D65
= 830 — (24+97) (25+18) — 890
- £ D3
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740 — — 740
690 ] ] ] | ] | | | | ] ] ] | ] | ] | | ] 90
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Dastance (ft) (x 1000)
Notes:

Model Safety Predictions

Predicted Exit Gradients (i)

Predicted Minimum Factors of Safety (FS)

Vsat (PCf) Vb (pcf) ¢ (degrees) ey cn

120.0 57.6 33.0 0.92 0.60
i\r max ih max iv max ih max
(Toe) (Toe) (D/S of Plateau) |(D/S of Plateau)

0.02 0.02 0.10 0.05

FSpiping)
(Toe)

FSipiping)
(D/S of Plateau)

29.97

9.23

st_pmgressive erosion)
(Under Seepage)

10.62
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Bolivar Dam Seepage Analysis - Base Condition

1. Maximum "exit gradient" listed for the toe region is actually the maximum seepage gradient measured near the phreatic surface

Station Pool Elevation (ft) |Tail Elevation (ft)
20+00 962 908.5
Model Predictions
Piezometric Levels Quantity of Seepage
Piezometer |Predicted (ft) Location Predicted (ft:‘!s)‘ft} Predicted (gal/min/ft)
CD-3 940 4 Above Toe 3.3E-07 0.0
CD-17 941.5 Toe 6 7E-07 0.0
D-65 939.0 D/S Plateau 2 3E-07 00
D/S of Plateau 71E-03 3.2
990 — — 590
040 [ — 940
= 890 — —] %80
bk
=
-8 840 |— —] a0
@
5
= 790 (— — 790
40 — — 740
690 | | | | | | | | | | | | | | | | | | | 600
07 06 05 04 03 02 -01 oo 01 02 03 04 05 06 a7 08 09 10 11 12 13
Distance (ft) (x 1000)
Notes:

Model Safety Predictions
Predicted Exit Gradients (i) Predicted Minimum Factors of Safety (FS)
i i FS piping) F S piping)
C c i i

Vsat (PCT)  |Vi(pCT) ¢ (degrees) ov ch (Toe) (D/S of Plateau)

1200 576 33.0 0.92 0.60 2398 839
i\r max ih max iv max ih max st_pmgressive erosion)
(Toe) (Toe) (D/S of Plateau) |(D/S of Plateau) (Under Seepage)

0.04 0.03 0.11 0.07 9.65

Plate F13




Bolivar Dam Seepage Analysis - Base Condition

Station

Pool Elevation (ft)

Tail Elevation (ft)

20+00

964

908.5

Model Predictions

Piezometric Levels Quantity of Seepage
Piezometer |Predicted (ft) Location Predicted (ft:‘!s)‘ft} Predicted (gal/min/ft)
CD-3 043 4 Above Toe 1.1E-06 0.0
CD-17 943 9 Toe 7 1E-07 0.0
D-65 9418 D/S Plateau 1.2E-06 00
D/S of Plateau 9 1E-03 41
990 — — 9590
940 — —_————— —{ 940
D65
o= 890 — (25+1 —1 830
=
‘g 840 — — 840
(]
3
w790 [— g F g 3 = —{ 790
[ [ | | |
740 |— —1 740
490 | | | | | | | | | | | | | | | | | | 690
07 A6 05 04 03 02 i1 oo 01 02 03 04 05 06 07 ng 09 10 11 12 13
Distance (ft) (x 1000)
Notes:

1. Maximum "exit gradient" listed for the toe region is actually the maximum seepage gradient measured near the phreatic surface

Model Safety Predictions

Predicted Exit Gradients (i)

Predicted Minimum Factors of Safety (FS)

Vsat (PCT) Yu (pcf) ¢ (degrees) i ich

120.0 o76 33.0 0.92 0.60
i\r max ih max iv max ih max
(Toe) (Toe) (D/S of Plateau) |(D/S of Plateau)

0.04 0.03 0.12 0.05

FSpiping)
(Toe)

FSipiping)
(D/S of Plateau)

23.98

7.69

st_pmgressive erosion)
(Under Seepage)

8.85
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Bolivar Dam Seepage Analysis - Base Condition

Station Pool Elevation (ft)

Tail Elevation (ft)

20+00 982 930
Model Predictions
Piezometric Levels Quantity of Seepage
Piezometer |Predicted (ft) Location Predicted (ft:‘!s)‘ft} Predicted (gal/min/ft)
CD-3 9533 Above Toe 8 1E-06 0.0
CD-17 952 4 Toe 14E-03 06
D-65 949 4 D/S Plateau 5 3E-04 02
D/S of Plateau 2 1E-02 94
990 — — 990
940 |— _______——-'—--_____‘-_ o —1 4940
3
D-65
= wml B (25+18) \ — 890
.§ 540 f— o — &40
’:3 Iy
A =
B o790 |- C = - e % — 790
| | | | lIl
740 — — 740
A ] ] ] | ] | | | | ] ] ] | | ] | | ] -
07 08 05 04 03 02 01 oo 01 02 03 04 05 06 o7 08 0g 10 11 12 13
Dastance (ft) (x 1000)
Model Safety Predictions
Predicted Exit Gradients (i) Predicted Minimum Factors of Safety (FS)
; FSpiping) FSipiping)
C c i i
Vsat (PCT)  |Vi(pCT) ¢ (degrees) ov ch (Toe) (D/S of Plateau)
1200 576 33.0 092 0.60 3.69 400
i\r max ih max iv max ih max st_pmgressive erosion)
(Toe) (Toe) (D/S of Plateau) |(D/S of Plateau) (Under Seepage)
0.25 0.07 016 0.15 425
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Bolivar Dam Seepage Analysis - Base Condition

Station
20+00
Model Safety Predictions Summary
Minimum Factors of Safety
Pool Elevation (ft), |FSpiping FS(piping) FS progressive erosion)
Tail Elevation (ft) (Toe) (D/S of Plateau) (Under Seepage)
936, 894 40.0 12.0 13.8
949, 896 30.0 7.7 8.8
952, 906 30.0 92 10.6
962, 908 5 240 84 97
964, 908 5 240 77 8.8
982, 930 3.7 4.0 42
Minimum Factors of Safety Against Erosion
10.0 37— S — L
oo IREEE LN @ FS(piping)
- - N - N (Toe)
80F— ot . .
& 701 ] o - - o . B FS(piping)
L . . . . . (D/S of Plateau)
= 60 3— S e o o G
£ . L . . .
ﬁ 50 +— . - - - - O FS(progressive erosion)
e it il . . . . (i Soonsap)
- il b i e e r—
15 S L L i L T
F 30+ e T e e o e
G e i i e i
L S e S T i
20 2= i e e e e b
R e i e S TR
103 s e S S e e
= S e _ e G R pt
400 {120 § 138 300 g a8 0.0 a2 1048 240 § B4 97 M40 piTTE) BB A7 40ty 42
00 ~ + - - -
936, 804 949, 896 952, 906 962, 008.5 964, 908.5 982,930
Pool Elevation (ft), Tail Elevation (ft)

Model Calibration Summary

Pool Elevation (ft), Field Data |Avg. Absolute Difference of Predicted
Tail Elevation (ft) Date and Observed Piezometric Levels (ft)
Pool =936, Tail = 894 | Sept-2004 24
Pool =949 Taill =896 | Jan-1991 0.7
Pool =952 Tail =906 | Jan-2005 27

Average 19
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Bolivar Dam Seepage Analysis - Base Condition

Station

27+00

Model Expected Satu

rated Hy_drauﬁc Conductivity Values: Horizontal (Kx

"and Vertical (Ky

Material Kx (ft/s) (cm/s) |Ky (ft/s) (crm/s)  [Ky/Kx Kx/Ky Model Color
Core 1.6E-07 2 0E-01 5.0E+00 Dark Red
Shell 6.2E-05 1.0E-01 1.0E+01 Light Purple
1.9E-02 1 9E-03
Rock toe 1.6E-01 1.6E-01 1.0E+00 1.0E+00 Gray
QE+0( 4.9E+00
Foundation silty sand 2 3E-04 8.5E-02 1.2E+01 Light Yellow
7.1E-03
Upstream blanket 94E-07 2 0E-01 5.0E+00 Dark Purple
Downstream bianket : T7E04 SOEDT Z0E+00
1.0
Relief well screen 6.6E-03 1.3E+02 1.9E+04 52E-05
2.0E 3.9E+03
Relief well riser 32E-08 1.3E+02 3.9E+09 26E-10
Developed 3_3E-03 5.0E-01 2 0E+00
gravel and outwash 1.0E-01 2
Parapet wall Non-permeable Black
Bedrock Non-permeable NA
o0 — 090
ol Upstream blanket / - v
£
= 800 — I-q— Developed gravel and entwash .
2 o ! 4 840
z Fimmgtulion 1y samd Relief well screen Relief well screen
2 00 | — 79
m
™ — Bedrock T40
e | | | | | | | | | | | R
07 0.6 05 04 03 02 01 00 01 02 03 09 10 11 12
Dastance (ft) (x 1000) _
990 — 990
Toe
o4p | — 4 * DS of Blanket g
= om0 — 890
=
2 s 840
2
o b
..m.. 790 790
740 |— 740
S | | | | | | | | | | | o
07 06 05 04 03 02 201 00 01 02 03 0.9 10 12

Distance (ff) (x 1000)
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Bolivar Dam Seepage Analysis - Base Condition

Station Pool Elevation (ft) |Tail Elevation [fT)
27+00 936 894
Model Predictions =
Piezometric Levels Quantity of Seepage Relief Well Flow (left well)
Piezometer |Predicted (ft) Observed (ft) Location Predicted (ft:‘!s;‘ft} Predicted (gal/min/ft) |Predicted {ftais.fft} Predicted (gal/min/ft) |Observed (gal/min)
CD-26 9175 914 0 Above Toe 7 4E-06 0.0 2 1E-06 00 0.0
D-62 902 6 900.8 Toe 7 1E-07 0.0 Relief Well Flow (right well)
D-63 9161 9136 D/S Blanket 3.1E-06 0.0 Predicted (ft’/s/ft) [Predicted (gal/min/ft) |Observed (gal/min/100)
D-64 909.8 908.0 D/S of Blanket 6.9E-07 0.0 1.5E-06 0.0 0.02
D-66 9202 9175
Avg. Absolute Difference (ft) = 25
930 — — 990
040 |— — 910
S | I | 1 e 1| 890
YL‘ I : tnsﬁm S
840 — o — 840
! Well %b
790 {— = g \ — 790
1
740 — . —1 740
690 I I | | I I | | l l | | l I | | l | 690
07 L6 035 04 03 02 01 oo o1 02 03 04 05 06 07 08 09 10 11 12
Distance (ft) (x 1000)
Notes:

1. Observed piezometnc data are maximum readings during September 2004

2. Observed relief well flow was measured during September 2004 in well W-5 (right well); well W-35 (left well) wasn't flowing; observed flow was divided by 100 due to well spacing of 100 ft
3. Seepage was noted downstream of the blanket during September 2004 but the flow rate was note measured

4. Maximum "exit gradient” listed for the toe region is actually the maximum seepage gradient measured near the phreatic surface

Model Safety Predictions

Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS)
3 1 Tail Elevation at Py |FSpiping FS\piping) FS (etrective-upiift)
C c i i

Veat (PCT) Vo (pef) pLpaet) < > Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)

1200 576 33.0 092 0.60 9171 19.98 486 152 46
iy max T e iy max D/S Blanket Top |D/S Blanket Bot. |Ppax FS progressive erosion)
(Toe) (Toe) (D/S of Blanket) |Elev. (ft) Elev. (ft) (D/S Blanket Base) (Under Seepage)

004 003 019 924 5 916.0 120 559
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Bolivar Dam Seepage Analysis - Base Condition

Station Pool Elevation (ft) |Tail Elevation [fT)
27+00 949 896
Model Predictions =
Piezometric Levels Quantity of Seepage Relief Well Flow (left well)
Piezometer |Predicted (ft) Observed (ft) Location Predicted (ft:‘!s;‘ft} Predicted (gal/min/ft) |Predicted {ftais.rft} Predicted (gal/min/ft) |Observed (gal/min)
CD-26 924 8 926.0 Above Toe 31E-05 0.0 1.3E-05 00 0.0
D-62 905 4 NA Toe 5 4E-06 0.0 Relief Well Flow (right well)
D-63 9229 NA D/S Blanket 1.3E-05 0.0 Predicted (ft*/s/ft) [Predicted (gal/min/ft) |Observed (gal/min/100)
D-64 914.7 NA D/S of Blanket 3.6E-03 16 1.5E-03 0.7 1.1
D-66 9283 NA
[W=35 (static) 9218 9215
Avg. Absolute Difference (fi) = 08
990 — = — 990
0 - ’/Z' _ —{ 20
Q 800 |— bi ~—— | 290
= / w2 ' Rt o
S Relief o
g M- " Wl o —] e
2 & b Wy = ) ") @
Eu 700 |— f 2 & =] e = \ — 70
| r | l 1
40 |— — 70
90 | | | | | | | | | | | | | | | | | | 690
07 06 03 04 03 02 01 00 01 02 03 04 05 06 07 08 09 10 11 12
Distance (ft) (x 1000)
Notes:

1. Observed piezometric data are maximum readings during January 1991

2 Observed relief well flow listed was measured during January 1991 in well W-5 (nght well); well W-35 (left well) wasn't flowing; observed flow was divided by 100 due to well spacing of 100 ft
3. Seepage was noted downstream of the blanket during January 1991 but the flow rate was note measured

4. Piezometers were not yet installed or measurements were not made for observed piezometer readings indicated as NA; well W-35 (left well) static level was considered as a piezometric level
5. Maximum "exit gradient” listed for the toe region is actually the maximum seepage gradient measured near the phreatic surface

Model Safety Predictions

Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS)
3 1 Tail Elevation at Py |FSpiping FS\piping) FS (etrective-upiift)
C c i i
Veat (PCT) Vo (pef) pLpaet) < > Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)
1200 576 33.0 092 0.60 924 3 19.98 469 80.96
iy max T e iy max D/S Blanket Top |D/S Blanket Bot. |Ppax FS progressive erosion)
(Toe) (Toe) (D/S of Blanket) |Elev. (ft) Elev. (ft) (D/S Blanket Base) (Under Seepage)
005 003 020 924 5 916.0 8.35 539
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Bolivar Dam Seepage Analysis - Base Condition

Station Pool Elevation (ft) |Tail Elevation [fT)
27+00 952 906
Model Predictions =
Piezometric Levels Quantity of Seepage Relief Well Flow (left well)
Piezometer |Predicted (ft) Observed (ft) Location Predicted (ft:‘!s;‘ft} Predicted (gal/min/ft) |Predicted {ftais.fft} Predicted (gal/min/ft) |Observed (gal/min)
CD-26 9258 9278 Above Toe 5 0E-05 0.0 2 0E-06 00 NA
D-62 9062 905 5 Toe 2 1E-04 0.1 Relief Well Flow (right well)
D-63 9240 9214 D/S Blanket 2 1E-04 0.1 Predicted (ft’/s/ft) [Predicted (gal/min/ft) |Observed (gal/min/100)
D-64 9159 916.1 D/S of Blanket 4.8E-04 0.2 8.0E-03 3.6 NA
D-66 9297 9312
Avg. Absolute Difference (ft) = 14
990 — — 990
940 [— — 40
E ol = —] 800
g
3
e — 790
0 - — 740
690 | | | | | | | | | | l I | l l I | l 690
07 06 05 04 03 02 01 00 01 02 03 04 05 06 07 08 09 10 11 12
Distance (ft) (x 1000)
Notes:

1. Observed piezometrc data are maximum readings during January 2005

2_ Relief wells flow was not measured on maximum piezometric readings date; therefore listed as NA

3. Downstream blanket elevation, thickness, and pressure head values listed are those which provide minimum FS(uplift) value
4. Seepage could not be observed downstream of the blanket during all of January 2005 due to tail water level

Model Safety Predictions

Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS)
3 1 Tail Elevation at Py |FSpiping FS\piping) FS (etrective-upiift)
C c i i
Veat (PCT) Vo (pef) pLpaet) < > Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)
1200 576 33.0 092 0.60 924 5 11.54 3419 29.06
iy max T e iy max D/S Blanket Top |D/S Blanket Bot. |Ppax FS progressive erosion)
(Toe) (Toe) (D/S of Blanket) |Elev. (ft) Elev. (ft) (D/S Blanket Base) (Under Seepage)
008 005 003 924 5 916.0 877 1327
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Bolivar Dam Seepage Analysis - Base Condition

Station Pool Elevation (ft) |Tail Elevation (ft)
27+00 962 908.5
Model Predictions =
Piezometric Levels Quantity of Seepage Relief Well Flow (left well)
Piezometer |Predicted (ft) Location Predicted (ft3/s/ft) |Predicted (gal/min/ft) |Predicted {ftais.fft} Predicted (gal/min/ft) |Observed (gal/min)
CD-26 926 .9 Above Toe 8 7E-05 0.0 2 9E-03 1.3 NA
D-62 908.7 Toe 2 3E-04 0.1 Relief Well Flow (right well)
D-63 924 6 D/S Blanket 32E-04 0.1 Predicted (ft’/s/ft) [Predicted (gal/min/ft) |Observed (gal/min/100)
D-64 917.6 D/S of Blanket 4.5E-04 0.2 7.3E-03 3.3 NA
D-66 9323
000 —
040 |—
Z s |
¥ el
8 :
IS : 3 3 > D nls
I L 1 1 4 | \
0 |— —] 740
600 | | | | | | | | | | | | | | | ] | | 600
07 06 05 04 03 02 01 00 01 02 03 04 05 06 07 08 09 10 11 12
Distance (ft) (x 1000)
Model Safety Predictions
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS)
3 1 Tail Elevation at Py |FSpiping FS\piping) FS (etrective-upiift)
C c i i
Veat (PCT) Vo (pef) pLpaet) < > Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)
1200 576 33.0 092 0.60 924 5 6.15 1073 27.06
iy max T e iy max D/S Blanket Top |D/S Blanket Bot. |Ppax FS progressive erosion)
(Toe) (Toe) (D/S of Blanket) |Elev. (ft) Elev. (ft) (D/S Blanket Base) (Under Seepage)
0.15 0.08 0.09 924 5 916.0 8.79 708
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Bolivar Dam Seepage Analysis - Base Condition

Station

Pool Elevation (ft)

Tail Elevation (ft)

27+00 964

908.5

Model Predictions

950 —

240 —

80—

8B40 —

Elevation (ft)

Piezometric Levels Quantity of Seepage Relief Well Flow [ieﬂ well)

Piezometer |Predicted (ft) Location Predicted (ft3/s/ft) |Predicted (gal/min/ft) |Predicted {ftais.fft} Predicted (gal/min/ft) |Observed (gal/min)
CD-26 927 1 Above Toe 9 3E-05 0.0 34E-03 15 NA

D-62 908.7 Toe 2 5E-04 0.1 Relief Well Flow (right well)

D-63 9247 D/S Blanket 34E-04 02 Predicted (ft’/s/ft) [Predicted (gal/min/ft) |Observed (gal/min/100)
D-64 977 D/S of Blanket 6.5E-04 0.3 7.4E-03 3.3 NA

D-66 9328

Distance (ft) (x 1000)

Model Safety Predictions

Predicted Exit Gradients (i) and Pressure Head (P)

Predicted Minimum Factors of Safety (FS)

3 1 Tail Elevation at Py |FSpiping FS\piping) FS (etrective-upiift)
c c i i
Veat (PCT) Vo (pef) pLpaet) < > Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)
1200 ol 6 33.0 0.92 0.60 924 5 2.7 1073 27.06
iy max T e iy max D/S Blanket Top |D/S Blanket Bot. |Ppax FS progressive erosion)
(Toe) (Toe) (D/S of Blanket) |Elev. (ft) Elev. (ft) (D/S Blanket Base) (Under Seepage)
0.16 0.09 0.09 924 5 916.0 8.79 6.63
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Bolivar Dam Seepage Analysis - Base Condition

Station

Pool Elevation (ft)

Tail Elevation (ft)

27+00 982

930

Model Predictions

Piezometric Levels Quantity of Seepage Relief Well Flow [ieﬂ well)
Piezometer |Predicted (ft) Location Predicted (ft3/s/ft) |Predicted (gal/min/ft) |Predicted {ftais.fft} Predicted (gal/min/ft) |Observed (gal/min)
CD-26 934 1 Above Toe 33E-04 0.1 1.2E-02 53 NA
D-62 9301 Toe 1.7E-03 08 Relief Well Flow (right well)
D-63 9309 D/S Blanket 1.8E-03 08 Predicted (ft’/s/ft) [Predicted (gal/min/ft) |Observed (gal/min/100)
D-64 930.7 D/S of Blanket 9.8E-05 0.0 9.8E-04 0.4 NA
D-66 9420
990 — 990
940 [— 940
E o |- 890
5 240 — %&Q
s
o =
oo™ 790
0 |— —] 740
600 | | | | | | | | | | | | | | | ] | | 600
07 06 05 04 03 02 01 00 01 02 03 04 05 a5 07 08 09 10 z 12
Distance (ft) (x 1000)
Model Safety Predictions
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS)
3 1 Tail Elevation at Py |FSpiping FS\piping) FS (etrective-upiift)
C c i i
Veat (PCT) Vo (pef) pLpaet) < > Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)
1200 576 33.0 092 0.60 9300 3.30 36.92 21.79
iy max T e iy max D/S Blanket Top |D/S Blanket Bot. |Ppax FS progressive erosion)
(Toe) (Toe) (D/S of Blanket) |Elev. (ft) Elev. (ft) (D/S Blanket Base) (Under Seepage)
028 0.14 003 924 5 916.0 14 36 3.79
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Bolivar Dam Seepage Analysis - Base Condition

Station
27+00
Model Safety Predictions Summary
Minimum Factors of Safety
Pool Elevation {ﬁ}, FS[piping} Fs{piping; Fsleﬁecﬁvalﬁt; Fs[pmqressive erosion)
Tail Elevation (ft) {Toe) (D/S of Blanket) |(D/S Blanket) (Under Seepage)
936, 894 20.0 49 1525 56
949, 896 20.0 4.7 81.0 54
952, 906 115 342 291 133
962, 908 5 62 10.7 271 (&
964, 908 5 58 10.7 271 6.6
982, 930 3.3 369 218 38
Minimum Factors of Safety Against Erosion
10.0 grfsgm—t — s i 5 o b o
i - o - 1 e B ES(piong)
TET | ol - - | - (108
sof — o o | L
& 7031 53 N L fo o ] | b B FS(piping)
L i L L L = i b (DIS of Blanket)
gﬁ-ﬂ— e —1 | el — | T EE
N B B B 1 1 . B
o 504+ =~ — - b L L B FS(effective-uplift)
S anid | | b ool . b o (DIS Blanket)
a L e b e o i -
s i e - . el | N
el . . | . B | b O FS(progressive erosion)
203fpt I *2”:?5’ L B i§ (Under Seepage)
o4 | | 1 o & B L
200142 1525|586 200474810 54 1153424201133 62 107271 T 58 P07 27.1] 6.6 33 J389]{218] 38
0.0 2 . ) S ik bl = | ol 25 5 IR
936, 894 949, 896 952, 906 962, 908 5 964, 908 5 982, 930
Pool Elevation (ft), Tail Elevation (ft)
Model Calibration Summary
Pool Elevation (ft), |Field Data |Avg. Absolute Difference of Predictad 5. /\osolute Difference of -
2 ; 2 5 : Predicted and Observed Relief Well |Additional
Tail Elevation (ft) Date and Observed Piezometric Levels (ft) .
Flow (gal/min/ft)
Pool =936, Tail = 894 | Sept-2004 295 0.01 Seepage noted D/S of blanket on field data dates are
Pool = 949, Tail = 896 Jan-1991 08 019 predicted by model; flow rates of observed seepage were
Pool =952, Tail = 906 Jan-2005 14 NA not measured in field
Average 15 0.10

Notes:

1. Relief wells flow was not measured on maximum piezometric readings date; therefore listed as NA
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Bolivar Dam Seepage Analysis - Base Condition
Station |
43+00 _ _
Model Expected Saturated Hydraulic Conductivity Values Horizontal (Kx) and Vertical (Ky
Material Kx (ftls) (cm/'s)  |Ky {ft/s) (cm's]  |KylKx Kx/Ky Model Color |
Core 16E-07 2.0E-01 5 OE+00 Dark Red
Shell . 1.0E-01 10E+01 Light Purple
Foundation gravel 5.2E-01 19E+00 Turquoise
Rock toe 1 0E+00 1 0E+00 Gray
Foundation sity sand ZBE03 BEE02 T2E707  |Light Yellow
Upstream blanket 47606 Z0E01 5O0E+00  |Dark Purple
Downstream blanket 33E04 5.0E-01 2 0E+00
Relief well screen 1 9E+04 52E05
Relief well riser 3 9E+09 2.6E-10 Light Orange
Developed 5.0E-01 2 0E+00 Coral
ravel and outwash 5.0E-02
Parapet wall Non-permeable Black
Bedrock Non-permeable NA
990 — Upstream blanket P i = o Model — 990
. —— g— Shell
M0 — ?ﬂm Downstream blanket — 0
o -
=g (— —{ 890
=
S 80— |-—Dw&1pe|!gnvdnliumﬂl | 510
o Foundation silty sand
= v
% 700 |— Relief well screen — 90
740 — Bedrock — T40
5 | | | | | | | | | | | | | | i
-600 500 400 300 =200 100 0 100 200 300 400 500 600 00 BOO 900
Distance (ft) s
990 — . — 990
= - uCHmiE. 0 L DSofBlankst | 0
— = e
E s |- H | gog
a B ]
-% s — | H — 840
8 el M 1 790
= 0 ]
740 (— —{ 740
£90 | | | | | | | | | | | | | | 690
-600 500 400 300 =200 100 o 100 200 300 400 500 500 00 800 900
Distance (ft)
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Bolivar Dam Seepage Analysis - Base Condition

Station

Pool Elevation (ft)

Tail Elevation (ft)

43+00

929

888

Model Predictions

Piezometric Levels Quantity of Seepage Relief Well Flow
Piezometer |Predicted (ft) Location Predicted (ft:‘!s)‘ft} Predicted (gal/min/ft) |Predicted {ftais.fft} Predicted (gal/min/ft) |Observed (gal/min/85)
CD-43 9238 Toe/Above Toe 4 9E-05 0.0 9. 1E-06 00 NA
CD-5 9159 D/S Blanket 1.3E-05 00
CD-48A Dry D/S of Blanket 3 9E-03 1.8
CD-48B Dry
CD-12 9129
CD-24 913.5
C-04-11 9107
990 — — 990
040 (— = - — 940
o) _ / -
E g0 — cD43 o : —] 8%0
: 2% wn [ R, e
= B4D — CD-5 (42+62) — 840
= 'S @2+62) fihes
ﬁ 790 |— e = — 790
[ ;
740 |— — 740
i | | | | | | | | | | | | | s
600 -500 -400 -300 200 -100 0 100 200 300 400 500 600 700 800 900
Distance (ft)
Model Safety Predictions
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS)
) ¥ Tail Elevation at P, FStp;ping, Fs{piping} Fs{eﬂediveuplift}
Vsat (PEf) |V (PCh) ¢ (degrees) e g Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)
1200 576 33.0 092 0.60 905.9 10.90 993 51.71
s imas [ D/S Blanket Top |D/S Blanket Bot. [P, FSprogressive erasion) FS progressive erosion)
(Toe) (Toe) (D/S of Blanket) |Elev. (ft) Elev. (ft) (D/S Blanket Base) (Through Seepage) (Under Seepage)
0.06 0.06 0.09 906.0 900.0 596 1253 11.41

Plate F26




Bolivar Dam Seepage Analysis - Base Condition

1. Observed piezometric data are maximum readings during September 2004
2. Piezometers were not yet installed or measurements were not made for observed piezometer readings indicated as NA

Station Pool Elevation (ft) |Tail Elevation (ft)
43+00 936 894
Model Predictions
Piezometric Levels Quantity of Seepage Relief Well Flow
Piezometer |Predicted (ft) Observed (ft) Location Predicted (ft:‘!s)‘ft} Predicted (gal/min/ft) |Predicted {ftais.fft} Predicted (gal/min/ft) |Observed (gal/min/85)
CD-43 928 8 NA Toe/Above Toe 9 6E-04 04 34E-03 15 NA
CD-5 9196 o17.7 D/S Blanket 9 3E-06 00
CD-48A Dry Dry D/S of Blanket 5.3E-03 24
CD-48B Dry Dry
CD-12 9158 914 7
CD-24 916.4 9147
C-04-11 9129 NA
|Avg. Absolute Difference (ft) = 12
990 — — 990
o4p [— - S \ —] 040
= ——,__—// e~
E 800 — 935 CD43 g%’;ﬁ? W™ s ( ( oo e —| 80
= (@4+16) J 2465  codnn :
R [ ; il 42+84) b _
g 80 o ¢ @+6) cp ) ¢ . 840
g £ (4246 @2462) Relief
o S - Well -]
= 790 — g? o = 2, — 790
/[ . = | \
740 — — 740
s | | | | | | | -
600 500 400 300 200 -100 0 100 200 300 400 500 600 700 800 900
Notes: Distance (ft)

Model Safety Predictions

Predicted Exit Gradients (i) and Pressure Head (P)

Predicted Minimum Factors of Safety (FS)

) ¥ Tail Elevation at P, FStp;ping, Fs{piping} Fs{eﬂediveuplift}
Vsat (PEf) |V (PCh) ¢ (degrees) e g Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)
1200 576 33.0 092 0.60 906.0 599 750 17 87
b v s e D/S Blanket Top |D/S Blanket Bot. [Pmax FS progressive erosion) FS progressive erosion)
(Toe) (Toe) (D/S of Blanket) |Elev. (ft) Elev. (ft) (D/S Blanket Base) (Through Seepage) (Under Seepage)
014 0.10 0.12 906.0 900.0 6.31 6.89 863
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Bolivar Dam Seepage Analysis - Base Condition

1. Observed piezometric data are maximum readings during January 1991
2. Piezometers were not yet installed or measurements were not made for observed piezometer readings indicated as NA
3. Observed relief well flow listed was measured during January 1991 in well W-20; the observed flow was divided by 85 due to well spacing of 85 ft
4_Seepage was noted at the toe and downstream of the blanket during January 1991 but flow rate was not measured

Station Pool Elevation (ft) |Tail Elevation [fT)
43+00 949 896
Model Predictions
Piezometric Levels Quantity of Seepage Relief Well Flow
Piezometer |Predicted (ft) Observed (ft) Location Predicted (ft:‘!s;‘ft} Predicted (gal/min/ft) |Predicted {ftais.fft} Predicted (gal/min/ft) |Observed (gal/min/85)
CD-43 9417 9417 Toe/Above Toe 5 0E-03 22 1.5E-02 6.6 6.8
CD-5 928 1 926 .7 D/S Blanket 4 TE-06 0.0
CD-48A 9263 922 6 D/S of Blanket 5.0E-03 22
CD-48B Dry Dry
CD-12 922 5 9220
CD-24 9252 9222
C-04-11 NA NA
Avg. Absolute Difference (ft) = 14
200 — — 990
040 |— —] 040
E g0 — SF— | 590
g
S a0 900 1
-
2 700 \ — 700
[25)
740 |— — 740
an | | | | | | | | | | e
600 500 400 -300 200 -100 0 100 200 300 400 500 600 700 800 900
Notes: Distance (ft)

Model Safety Predictions

Predicted Exit Gradients (i) and Pressure Head (P)

Predicted Minimum Factors of Safety (FS)

) ¥ Tail Elevation at P, FStpipi,,g, Fs{piping} Fs{eﬂediveuplift}
Vsat (PEf) |V (PCh) ¢ (degrees) e g Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)
1200 576 33.0 092 0.60 906.0 144 710 7.29
s P o DIS Blanket Top |D/S Blanket Bot. [P, B i iy P et cas
(Toe) (Toe) (D/S of Blanket) |Elev. (ft) Elev. (ft) (D/S Blanket Base) (Through Seepage) (Under Seepage)
0.64 0.28 013 906.0 900.0 676 1.66 817
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Bolivar Dam Seepage Analysis - Base Condition

Station

Pool Elevation (ft)

Tail Elevation [ft)

43+00

952

906

Model Predictions

1. Observed piezometric data are maximum readings during January 2005
2_ Relief well flow was not measured on maximum piezometric reading date due to high tail water elevation; therefore listed as NA
3. Seepage was noted in terrace area above toe during January 2005 but flow rate was not measured; seepage couldn't be observed downstream of blanket due to tail water level

Piezometric Levels Quantity of Seepage Relief Well Flow
Piezometer |Predicted (ft) Observed (ft) Location Predicted (ft:‘!s;‘ft} Predicted (gal/min/ft) |Predicted {ftais.fft} Predicted (gal/min/ft) |Observed (gal/min/85)
CD-43 943 5 9430 Toe/Above Toe 7 6E-03 34 2 5E-02 1.0 NA
CD-5 9304 9293 D/S Blanket 32E-04 00
CD-48A 9291 9259 D/S of Blanket 6.9E-04 0.3
CD-48B Dry Dry
CD-12 9250 9253
CD-24 927.5 9254
C-04-11 9218 9218
Avg. Absolute Difference (ft) = 10
990 — — 990
040 (— —1 940
_— hw.d
€ g0 [— CcD-43 — 390
o (44+2
.g 240 |— CD-5 —1 840
8 (42462
2 790 |— L —{ 790
a l I
740 — —1 740
i | | | | | | | | | | | | | 56
600 -500 -400 -300 200 -100 0 100 200 300 400 500 600 700 300 200
Notes: Distance (ft)

Model Safety Predictions

Predicted Exit Gradients (i) and Pressure Head (P)

Predicted Minimum Factors of Safety (FS)

) ¥ Tail Elevation at P, FStpipi,,g, Fs{piping} Fs{eﬂediveuplift}
Vsat (PEf) |V (PCh) ¢ (degrees) e g Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)
1200 576 33.0 092 0.60 906.0 1.21 57.69 6.44
s P o DIS Blanket Top |D/S Blanket Bot. [P, B i iy P et cas
(Toe) (Toe) (D/S of Blanket) |Elev. (ft) Elev. (ft) (D/S Blanket Base) (Through Seepage) (Under Seepage)
076 0.36 0.02 906.0 900.0 6.86 140 741

Plate F29




Bolivar Dam Seepage Analysis - Base Condition

Station Pool Elevation (ft) |Tail Elevation (ft)
43+00 962 908.5
Model Predictions
Piezometric Levels Quantity of Seepage Relief Well Flow
Piezometer |Predicted (ft) Location Predicted (ft:‘!s)‘ft} Predicted (gal/min/ft) |Predicted {ftais.fft} Predicted (gal/min/ft) |Observed (gal/min/85)
CD-43 952 3 Toe/Above Toe 2 0E-02 9.0 2 6E-02 1.7 NA
CD-5 9361 D/S Blanket 3 6E-04 02
CD-48A 934 6 D/S of Blanket 79E-04 04
CD-48B 934 5
CD-12 930.6
CD-24 932.7
C-04-11 926 8
990 — — 990
940 |— - — 940
@ 890 f— 960 3 i = | a0
£ w = i W TS S -
8 o . aney / e 910
L 00 [— & $ el s © 2, 9 — 790
= 57} x F
a / . r . = i N
740 [— — 740
- | | | | | | | | | | | | s
600 500 400 -300 200 -100 0 100 200 300 400 600 700 800 900
Distance (ft)
Model Safety Predictions
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS)
¥ Tail Elevation at P, FStp;ping, Fs{piping} Fs{eﬂediveuplift}
Vsat (PEf) |V (PCh) ¢ (degrees) e g Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)
1200 576 33.0 092 0.60 908.5 132 48 58 719
s imas [ D/S Blanket Top |D/S Blanket Bot. [P, FSprogressive erasion) FS progressive erosion)
(Toe) (Toe) (D/S of Blanket) |Elev. (ft) Elev. (ft) (D/S Blanket Base) (Through Seepage) (Under Seepage)
070 044 0.02 906.0 900.0 927 152 827

Plate F30




Bolivar Dam Seepage Analysis - Base Condition

Station Pool Elevation (ft) |Tail Elevation (ft)
43+00 964 908.5
Model Predictions
Piezometric Levels Quantity of Seepage Relief Well Flow
Piezometer |Predicted (ft) Location Predicted (ft:‘!s)‘ft} Predicted (gal/min/ft) |Predicted {ftais.fft} Predicted (gal/min/ft) |Observed (gal/min/85)
CD-43 953 8 Toe/Above Toe 2 2E-02 99 2 7E-02 12.2 NA
CD-5 937 1 D/S Blanket 3T7E-04 02
CD-48A 9354 D/S of Blanket 8 2E-04 04
CD-48B 9353
CD-12 931.7
CD-24 9334
C-04-11 9259
990 — — 990
<
940 |— — 040
— ——
E 80 [~ 960 CDA — 800
= (44-26)
-,% 840 [— 9% . — 810
2 v &F ’ \
= 790 |— s — 790
a A / .
740 [— — 740
a8 | | | | | | | | | | | | | o
600 500 400 -300 200 -100 0 100 200 300 400 500 600 700 800 900
Distance (ft)
Model Safety Predictions
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS)
I Tail Elevation at Pma:l( FStp;ping, Fs{piping} Fs{eﬂediveuplift}
Vsat (PEf) |V (PCh) ¢ (degrees) e g Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)
1200 576 33.0 092 0.60 908.5 1.30 48 58 710
s imas [ D/S Blanket Top |D/S Blanket Bot. [P, FSprogressive erasion) FS progressive erosion)
(Toe) (Toe) (D/S of Blanket) |Elev. (ft) Elev. (ft) (D/S Blanket Base) (Through Seepage) (Under Seepage)
071 044 0.02 906.0 900.0 928 150 817

Plate F31




Bolivar Dam Seepage Analysis - Base Condition

Station

Pool Elevation (ft)

Tail Elevation (ft)

43+00 982 930
Model Predictions
Piezometric Levels Quantity of Seepage Relief Well Flow
Piezometer |Predicted (ft) Location Predicted (ft:‘!s)‘ft} Predicted (gal/min/ft) |Predicted {ftais.fft} Predicted (gal/min/ft) |Observed (gal/min/85)
CD-43 969.9 Toe/Above Toe 4 4E-02 197 1.6E-02 73 NA
CD-5 9516 D/S Blanket 2 8E-04 0.1
CD-48A 944 4 D/S of Blanket 6.1E-04 0.3
CD-48B 9443
CD-12 9457
CD-24 9447
C-04-11 939 6
990 — < — 990
040 |— < — %0
E w0 |- 980 D4 - cD-24 o L
= 915 (4476) s (42+65)
-,% 840 [— g £ CD-5 @2+62) 12 — 840
S o . Sais @)
-L;—_]" 790 |— / 2 8 & % | — 70
I ] L L
740 |— — 740
- | | | | | | | | | | | | | | s
600 -500 400 -300 200 -100 0 100 200 300 400 500 600 700 800 900
Distance (ft)
Model Safety Predictions
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS)
) ¥ Tail Elevation at P, FStp;ping, Fs{piping} Fs{eﬂediveuplift}
Vsat (PEf) |V (PCh) ¢ (degrees) e g Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)
1200 576 33.0 092 0.60 930.0 2 61 63 66 2215
s imas [ D/S Blanket Top |D/S Blanket Bot. [P, FSprogressive erasion) FS progressive erosion)
(Toe) (Toe) (D/S of Blanket) |Elev. (ft) Elev. (ft) (D/S Blanket Base) (Through Seepage) (Under Seepage)
0.16 023 0.01 906.0 900.0 3025 3.00 2548

Plate F32




Bolivar Dam Seepage Analysis - Base Condition

Station
43+00
Model Safety Predictions Summary
Minimum Factors of Safety
Pool Elevation {ﬂ}, FSlpiping} Fs{pipingl Fsleﬁecﬁvalﬁt; Fs[pmqressive erosion) Fs(pmgressive erosion)
Tail Elevation (ft) {Toe) (DIS of Blanket) |(D/S Blanket) (Through Seepage) (Under Seepage)
929, 888 109 99 917 12.5 114
936, 894 6.0 7.5 17.9 6.9 8.6
949, 896 1.4 71 7.3 1.7 82
952, 906 12 577 6.4 14 74
962, 908 5 1.3 48 6 72 15 8.3
964, 908 .5 1.3 48 6 7.1 15 82
982, 930 26 63.7 222 30 255
Minimum Factors of Safety Against Erosion
3.0 g —] 1 R i ] e ] [ o B .
E i _ i g z 2 g i gi i D(EFS(D;DIHQ)
. = —1 | oe
2531 I —El | m | I m TN N
2ol | Bl n n 1L L] L L |=FsEipng
:%: : | . o b | L (D/S of Blanket)
- : | | i b L F
S 1P —il b 1 e i N\ —  |OFS(effective-upiif)
5 i f i il § L - o (D/S Blanket)
s L | | HI L
" . . | | o . | O FS(progressive erosion)
053+ | | o - 'g ' 1 - —t | ke (Through Seepage)
] K i 1| |
fid 10.8 D 51.7] 125’".4 ; 8.0 j?.!f_l‘l?.ﬂ dajBE ; 14':71 Ta|17)82 , 12 5"? 41474 : 13 AQ.B T2l15483 1.3 ﬂﬁl?i 1582 : 26 gag 223 3..0'25.5 DFS(DI"OQTGSS]VE EI'OSiO]"I}
929, 888 936, 894 949, 896 952, 906 962, 908.5 964, 908 5 982, 930 (Under Seepage)
Pool Elevation (ft), Tail Elevation (ft)
Model Calibration Summary
Pool Elevation (], |Field Data |Avg. Absslute Difference of Predictad” "8 Aosolute Difference of o
Tail Elevati £ Dat and Observed Piezometric Levels (ft) Predicted and Observed Relief Well |Additional
. " Flow (gal/min/ft)
Pool =936, Tail =894 | Sept-2004 12 Seepage noted in terrace area, at toe, and D/S of
Pool = 949, Tail = 896 Jan-1991 14 02 of blanket on field data dates are predicted by model;
Pool =952, Tail =906 | Jan-2005 1.0 NA flow rates of observed seepage were not measured in field
Average 12 0.2

Notes:

1. Relief well flow was not measured on maximum piezometric readings date; therefore listed as NA

Plate F33




Bolivar Dam Seepage Analysis - Base Condition

Station |
49+00

[Model Expected Saturated Hydraulic Conductivity Values Horizontal (Kx) and Vertical (Ky
Material Kx (ft/s) (cm/'s)  [Ky (f/s) (cm/s]  |Ky/Kx Kx/Ky Model Color |
Core 82E07 20E01 EOE+00  |Dark Red
Shel 6 2E04 TOE01 TOE+01  |Light Purple
Foundation gravel 3 3;_-{]2 52E-01 19E+00 Turquoise
Rock fos TBE0] TOE+00 TOEF00 |Gray
Foundation silty sand 78603 B5E02 T2E+07  |Light Yellow
Upstream blanket 47E06 E Z0E01 EOE+00  |Dark Purple
Downstream blanket 33E04 5.0E-01 20E+00 |Purple ]
Refiof well screen BED3 ToE+04 TOF05 |Red |
Refief well riser 32E08 13E+02 39E+09 76610 |Light Orange
3.9E+03
Developed 33E03 17E-03 5 0E-01 Z0E+00  |Coral
gravel and outwash 1.0E-01 5.0E-02
Parapet wall Non-permeable Black
Bedrock Non-permeable NA
090 — — 990
Upstream blanket ik et — Core Shell
940 — Foundation gravel —pp L Rx_:lne — 940
-—-—,
g 890 — — 830
g
.ﬁ 840 | 4 i @~ Developed gravel and outwash — 840
=
¥}
B B Relief well screen —|7e
40— Bedrock —{ 740
S | | | | | | | | | | | | o
-700 -600 500 400 -300 200 100 ] 100 200 300 400 500 600 700 300
Distance (ft)
= "0
Toe
B e —
940 — __ IVS Blanket o D/S of Blanket — %40
= - - .
€ w- H —
= [ |
g 840 — H — 540
= ]
= | |
2 o0 — M —1 790
&=
T40 — — T40
e | | | | | | | | | | | | o
-T00 -600 -500 400 300 =200 100 (1] 100 200 300 400 300 600 700 800
Distance (ft)

Plate F34




Bolivar Dam Seepage Analysis - Base Condition

Station Pool Elevation (ft) |Tail Elevation (ft)
49+00 929 888
Model Predictions
Piezometric Levels Quantity of Seepage Relief Well Flow
Piezometer |Predicted (ft) Location Predicted (ft:‘!s)‘ft} Predicted (gal/min/ft) |Predicted {ftais.fft} Predicted (gal/min/ft) |Observed (gal/min/100)
C-04-23 9116 Above Toe 7 5E-05 0.0 4 9E-04 02 NA
C-04-24 914 9 Toe 5 1E-03 23
CD-50 9128 D/S Blanket 2 4E-05 00
D-59 904.0 D/S of Blanket 37E-03 1.7
D-67 9152
D-76 916.3
990 — — 990
040 |— — 940
@ 890 (— T‘} 890
g 895
g= 840 (— — 840
s
2 790 |— —1 790
25}
740 (— — 740
- | | | | | | | | | | | | | | -
-700 -600 -500 -400 300 200 -100 0 100 200 300 400 500 600 700 800
Distance (ft)
Model Safety Predictions
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS)
: I Tail Elevation at Pma:l( FStp;ping, Fs{piping} Fs{eﬂediveuplift}
Vsat (PEf) |V (PCh) ¢ (degrees) e g Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)
1200 576 33.0 092 0.60 906.0 333 543 5538
s imas [ D/S Blanket Top |D/S Blanket Bot. [P, FSprogressive erasion) FS progressive erosion)
(Toe) (Toe) (D/S of Blanket) |Elev. (ft) Elev. (ft) (D/S Blanket Base) (Through Seepage) (Under Seepage)
012 0.18 017 906.0 900.0 6.10 383 6.24

Plate F35




Bolivar Dam Seepage Analysis - Base Condition

Station

Pool Elevation (ft)

Tail Elevation (ft)

49+00

936

894

Model Predictions

Piezometric Levels Quantity of Seepage Relief Well Flow
Piezometer |Predicted (ft) Observed (ft) Location Predicted (ft:‘!s;‘ft} Predicted (gal/min/ft) |Predicted {ftais.fft} Predicted (gal/min/ft) |Observed (gal/min/100)
C-04-23 914 1 NA Above Toe 1 1E-03 05 58E-03 26 33
C-04-24 918 5 NA Toe 9 7E-03 44
CD-50 9158 9157 D/S Blanket 3.2E-05 0.0
D-59 904 1 904 4 D/S of Blanket 4 6E-03 21
D-67 9181 9156
D-76 9204 9200
Avg. Absolute Difference (ft) = 08
990 — — 990
040 |f— — 940
@ 800 — 935 — 300
=
=)
g 240 |— —1 840
f
= 790 (— — 700
740 (— — 740
i | | | | | | | | | | | | -
-700 -600 -500 -400 -300 200 -100 0 100 200 300 500 600 700 800
Distance (ft)
Notes:

1. Observed piezometric data are maximum readings during September 2004
2. Observed relief well flow listed was measured during September 2004 in well W-24; the observed flow was divided by 100 due to well spacing of 100 ft
3. Piezometers were not yet installed or measurements were not made for observed piezometer readings indicated as NA

4. Seepage was noted in terrace area above the rock toe and at the rock toe during September 2004 but flow rate was not measured

Model Safety

Predictions

Predicted Exit Gradients (i) and Pressure Head (P)

Predicted Minimum Factors of Safety (FS)

¥ Tail Elevation at P, FStpipi,,g, Fs{piping} Fs{eﬂediveuplift}
Vsat (PEf) |V (PCh) ¢ (degrees) e g Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)
1200 576 33.0 092 0.60 906.0 187 440 50.35
b v s e D/S Blanket Top |D/S Blanket Bot. [Pmax FS progressive erosion) FS progressive erosion)
(Toe) (Toe) (D/S of Blanket) |Elev. (ft) Elev. (ft) (D/S Blanket Base) (Through Seepage) (Under Seepage)
024 0.32 0.21 906.0 900.0 6.11 215 505

Plate F36




Bolivar Dam Seepage Analysis - Base Condition

Station Pool Elevation (ft) |Tail Elevation [fT)
49+00 949 896
Model Predictions
Piezometric Levels Quantity of Seepage Relief Well Flow
Piezometer |Predicted (ft) Observed (ft) Location Predicted (ft:‘!s;‘ft} Predicted (gal/min/ft) |Predicted {ftais.fft} Predicted (gal/min/ft) |Observed (gal/min/100)
C-04-23 9169 NA Above Toe 83E-03 37 1.1E-02 50 488
C-04-24 9231 NA Toe 14E-02 6.2
CD-50 9194 9206 D/S Blanket 35E-05 0.0
D-59 904 5 NA D/S of Blanket 5 3E-03 24
D-67 9237 NA
D-76 9256 NA
Avg. Absolute Difference (ft) = 12
990 — — 990
040 |f— — 940
@ 800 — — 300
=
=)
= 840 (— — 340
f
= 790 (— — 700
740 (— — 740
i | | | | | | | | | | | | | | -
-700 -600 -500 -400 -300 200 -100 0 100 200 300 400 500 600 700 800
Distance (ft)
Notes:

1. Observed piezometric data are maximum readings during January 1991

2. Piezometers were not yet installed or measurements were not made for observed piezometer readings indicated as NA

3. Observed relief well flow listed was measured during January 1991 in well W-24; the observed flow was divided by 100 due to well spacing of 100 ft
4. Seepage was noted at the rock toe and downstream of the blanket during January 1991 but flow rate was not measured

Model Safety Predictions

Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS)
) ¥ Tail Elevation at P, FStpipi,,g, Fs{piping} Fs{eﬂediveuplift}
Vsat (PEf) |V (PCh) ¢ (degrees) e g Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)
1200 576 33.0 092 0.60 906.0 094 577 46.15
T i ih max i D/S Blanket Top |D/S Blanket Bot. [P FSiprogressive erosion) FS (progressive erosion)
(Toe) (Toe) (D/S of Blanket) |Elev. (ft) Elev. (ft) (D/S Blanket Base) (Through Seepage) (Under Seepage)
082 064 0.16 906.0 900.0 612 1.08 6.63

Plate F37




Bolivar Dam Seepage Analysis - Base Condition

Station

Pool Elevation (ft)

Tail Elevation (ft)

49+00

952

906

Model Predictions

Piezometric Levels Quantity of Seepage Relief Well Flow
Piezometer |Predicted (ft) QObserved (ft) Location Predicted (ft:‘!s)‘ft} Predicted (gal/min/ft) |Predicted {ftais.fft} Predicted (gal/min/ft) |Observed (gal/min/100)
C-04-23 918.3 9215 Above Toe 1 1E-02 48 2 0E-02 88 NA
C-04-24 9240 924 2 Toe 1.5E-02 6.6
CD-50 9212 9236 D/S Blanket 2 8E-04 00
D-59 9061 906.2 D/S of Blanket 6.3E-04 0.3
D-67 924 4 924
D-76 926 .6 9279
Avg. Absolute Difference (ft) = 13
990 — : — 990
—_ e — L~J
€ w0 950 48+93) =™
=
g a0 | —{ 840
= 790 |— & = 9 — 790
o / / / o 2 \ -
740 |— — 70
i | | | | | | | | | | | | | -
-700 -600 -500 -400 -300 200 -100 0 100 200 300 400 S00 600 700 800
Distance (ft)
Notes:

1. Observed piezometric data are maximum readings during January 2005
2_ Relief well flow was not measured on maximum piezometric reading date due to high tail water elevation; therefore listed as NA
3. Seepage was noted in terrace area and at the rock toe during January 2005 but flow rate was not measured; seepage couldn't be observed downstream of blanket due to tail water level

Model Safety

Predictions

Predicted Exit Gradients (i) and Pressure Head (P)

Predicted Minimum Factors of Safety (FS)

) ¥ Tail Elevation at P, FStp;ping, Fs{piping} Fs{eﬂediveuplift}
Vsat (PEf) |V (PCh) ¢ (degrees) e g Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)
1200 576 33.0 092 0.60 906.0 092 5430 5538
s P o DIS Blanket Top |D/S Blanket Bot. [P, B i iy P et cas
(Toe) (Toe) (D/S of Blanket) |Elev. (ft) Elev. (ft) (D/S Blanket Base) (Through Seepage) (Under Seepage)
0.81 0.65 0.02 906.0 900.0 6.10 1.06 62 44

Plate F38




Bolivar Dam Seepage Analysis - Base Condition

Station Pool Elevation (ft) |Tail Elevation (ft)
49+00 962 908.5
Model Predictions
Piezometric Levels Quantity of Seepage Relief Well Flow
Piezometer |Predicted (ft) Location Predicted (ft:‘!s)‘ft} Predicted (gal/min/ft) |Predicted {ftais.fft} Predicted (gal/min/ft) |Observed (gal/min/100)
C-04-23 920.0 Above Toe 2 1E-02 94 2 1E-02 94 NA
C-04-24 927 5 Toe 2 1E-02 94
CD-50 922 6 D/S Blanket 31E-04 0.1
D-59 908 .6 D/S of Blanket 6 9E-04 0.3
D-67 926.7
D-76 9298
000 — — 000
040 |— — o0
@ 890 — 960 — —1 8%
=]
2 a0 |- 5 —| 840
g 910
D o) = 9
— 790 |— 2 w g 7 — 790
2 / [ & X & 4 B € q \
740 |— — 0
500 | | | | | | | | | | | | | 500
700 -600 -500 400 300 200 -100 0 100 200 300 400 500 600 700 800
Distance (ft)
Model Safety Predictions
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS)
: I Tail Elevation at Pma:l( FStp;ping, Fs{piping} Fs{eﬂediveuplift}
Vsat (PEf) |V (PCh) ¢ (degrees) e g Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)
1200 576 33.0 092 0.60 908.5 1.00 5128 184 62
s imas [ D/S Blanket Top |D/S Blanket Bot. [P, FSprogressive erasion) FS progressive erosion)
(Toe) (Toe) (D/S of Blanket) |Elev. (ft) Elev. (ft) (D/S Blanket Base) (Through Seepage) (Under Seepage)
063 0.60 0.02 906.0 900.0 853 115 58.97

Plate F39




Bolivar Dam Seepage Analysis - Base Condition

Station Pool Elevation (ft) |Tail Elevation (ft)
49+00 964 908.5
Model Predictions
Piezometric Levels Quantity of Seepage Relief Well Flow
Piezometer |Predicted (ft) Location Predicted (ft:‘!s)‘ft} Predicted (gal/min/ft) |Predicted {ftais.fft} Predicted (gal/min/ft) |Observed (gal/min/100)
C-04-23 920.7 Above Toe 2 3E-02 10.3 22E-02 99 NA
C-04-24 9280 Toe 2 1E-02 94
CD-50 923.0 D/S Blanket 3.2E-04 0.1
D-59 908 6 D/S of Blanket 7 2E-04 0.3
D-67 927 1
D-76 930.3
990 — — 990
Z
940 |— —{ 940
— e —e—
E 0 — - / / /‘;\; 3)_...4- :;m. —| 800
g r/"
S L 5 D67 _
k= 840 9 o A s (50+70) e
= o X o =
2 790 / / / S g 8 — 790
M | | |
740 — —1 740
690 l | | | | | | | | | | 690
-700 -600 -500 400 -300 -200 -100 0 100 200 300 400 500 600 700 800
Distance (ft)
Model Safety Predictions
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS)
) ¥ Tail Elevation at P, FStp;ping, Fs{piping} Fs{eﬂediveuplift}
Vsat (PEf) |V (PCh) ¢ (degrees) e g Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)
1200 576 33.0 092 0.60 908.5 1.00 5128 184 62
s imas [ D/S Blanket Top |D/S Blanket Bot. [P, FSprogressive erasion) FS progressive erosion)
(Toe) (Toe) (D/S of Blanket) |Elev. (ft) Elev. (ft) (D/S Blanket Base) (Through Seepage) (Under Seepage)
063 0.60 0.02 906.0 900.0 853 115 58.97

Plate F40




Bolivar Dam Seepage Analysis - Base Condition

Station Pool Elevation (ft) |Tail Elevation (ft)
49+00 982 930
Model Predictions
Piezometric Levels Quantity of Seepage Relief Well Flow
Piezometer |Predicted (ft) Location Predicted (ft:‘!s)‘ft} Predicted (gal/min/ft) |Predicted {ftais.fft} Predicted (gal/min/ft) |Observed (gal/min/100)
C-04-23 936.0 Above Toe 5 1E-02 229 1.5E-02 65 NA
C-04-24 9411 Toe 4 0E-03 18
CD-50 9372 D/S Blanket 2 5E-04 0.1
D-59 9301 D/S of Blanket 5 6E-04 0.3
D-67 9353
D-76 9412
%90 — < — 990
940 | — = — 040
= g0 — 080 ﬁgfgs 030 —] 00
g 15
-% 840 — - — 840
> o
2 700 — > & o 2 £ — 790
= / / § i & l
740 — — 740
600 | | | | | | | | | | | | 600
700 600 -500 -400 300 -200 -100 0 100 200 300 400 500 600 700 800
Distance (ft)
Model Safety Predictions
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS)
: I Tail Elevation at Pma:l( FStp;ping, Fs{piping} Fs{eﬂediveuplift}
Vsat (PEf) |V (PCh) ¢ (degrees) e g Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)
1200 576 33.0 092 0.60 930.0 132 61.54 5538
s imas [ D/S Blanket Top |D/S Blanket Bot. [P, FSprogressive erasion) FS progressive erosion)
(Toe) (Toe) (D/S of Blanket) |Elev. (ft) Elev. (ft) (D/S Blanket Base) (Through Seepage) (Under Seepage)
070 0.11 0.02 906.0 900.0 3010 152 63.69

Plate F41




Bolivar Dam Seepage Analysis - Base Condition

Notes:

Station
49+00
Model Safety Predictions Summary
Minimum Factors of Safety
Pool Elevation ‘ﬂ}: Fs(piping] Fs[pipinq'_l FS{Eﬁecﬁ\rqupli‘ﬂ] Fs{pmaressive erosion) FS[prog.ress'nre erosion)
Tail Elevation (ft) (Toe) (D/S of Blanket) |(D/S Blanket) (Through Seepage) (Under Seepage)
929 888 3.3 54 554 38 62
936, 894 1.9 4.4 50.3 22 5.1
949, 896 09 58 462 1.1 6.6
952, 906 09 543 554 1.1 624
962 908.5 1.0 513 184 6 1.1 59.0
964, 908 5 1.0 51.3 184 6 1.1 59.0
982, 930 13 615 554 1.5 63.7
Minimum Factors of Safety Against Erosion
30 1 e g e e —] i P e | o
| | B o 0 . . | OFS(piping)
s B ] = = = = SEe i BN | (T
i e G i G B o G i i S
e i e e i e G R -
E 2.0 H % f B % } — §§ = %’ H % . ?? 3?_ [ BFDSEE;IEILnkeU
= i o 1 s s B - : .
£ | z 1 ] 5 : |
s 1 —1 i m = | N e | M [ [oFs(efectve-upift)
§ o . o | r - - - zu i (DfS Blanket)
sl it | . | i
w i i e i R B i i i CHety 1 1
| . 1 I . . . P O FS(progressive erosion)
s L] N s | | | [ | (Thwoush Seepage)
i a3 5:?]55\.4 38 MI : 18 :4353.3 22'5_1 : ;814&2 11jas l].nl;;lﬁd f.ll&'u : t.DPlfSIls“' .T.tlm.l] 10 5?3‘154.\. 1.4 |58.0 13 I;:.&F‘SA 15 lﬁ!.? DFS(DTOQJ’ESS“’G erosion)
929, 888 936, 894 949, 896 952, 906 962, 908 5 964, 908 5 982, 930 (Under Seepage)
Pool Elevation (ft), Tail Elevation (ft)
Model Calibration Summary
Pool Elevation (ft), |Field Data |Avg. Absolute Difference of Predicted " 9: Apsolute Difference of "
Tail Elevation (ft) Date and Observed Piezometric Levels (ft) Eredicteit sl Ohpaned Balak \Well) dditiornal
Flow (gal/min/ft)
Pool =936, Tail =894 | Sept-2004 0.8 0.7 Seepage noted in terrace area, at rock toe, and D/S of
Pool = 949, Tail = 896 Jan-1991 12 0.1 of blanket on field data dates are predicted by model;
Pool = 952, Tail = 906 Jan-2005 13 NA flow rates of observed seepage were not measured in field
Average| 1.1 04

1. Relief well flow was not measured on maximum piezometnc readings date; therefore listed as NA

Plate F42




Plate F43

Conductivity Values Horizontal (Kx) and Vertical (Ky)
Material Ky (ftis) (cm/s]  |Ky/Kx KoUKy Model Color |
Core 1.6E07 2.0E-M 5.0E+00 Dark Red
J.0E-06
Shell : 6.2E-05 1.0E-01 1.0E+01 Light Purple
Foundation gravel 3.3E-02 5 2E-01 1.9E+00 Turquoise
Rock toe 1 .SE—(H 1 DE+00 1.0E+00 (Gray
Foundation silty sand 2.8E—ﬁ3 8 5E-02 12E+01 Light Yellow
Upstream blanket 2 0E-01 5.0E+00 Dark Purple
Downstream blanket 17E-04 5 0E-01 20E+00 |Pumple |
Relief well screen 6.6E-03 1.3E+02 1 0E+04 T 11
2.0 3.9E+03
Relief well riser 3.2E-08 1.3E+02 3 9E+09 26E-10 Light Orange
Developed 33503 17E03 50E01 F0E700 |Coral
igravel and outwash OE-01 3 2
Parapet wall Black
Bedrock Mon-permeable NA
S i Upstream blanket X Parapet wall — ¥ 990
940 |— Foundation gravel — g % Revcasirefm Lisiket 940
€ oo 0
g
= M — Foundation slty sand 840
g
2 7o [ Mﬁwim 790
m
40— Bedrock 740
690 | | | | | | | | | | | | | £90
-T00 500 -500 400 300 200 -100 0 100 200 300 400 500 600 700 800
Distance (ft) i
m —
Toe
-
940 (— _ D/S Blanket o /S of Blanket 940
- -
£ 890 — 890
[=} =
S s H 840
s | |
=2 - K 790
= | |
740 — 740
i | | | | | | | | | | | | | -
-T00 600 -500 -400 -300 200 -100 0 100 200 300 00 500 600 700 800
Distance (ft)




Bolivar Dam Seepage Analysis - Base Condition

Station

Pool Elevation {?t}

Tail Elevation (ft)

51+00

929

888

Model Predictions

Piezometric Levels

Quantity of Seepage

Relief Well Flow

Piezometer |Predicted (ft) Location Predicted {ﬂafsfft) Predicted (gal/min/ft} |Predicted [ﬂ3fs!ﬂ) Predicted (gal/min/ft) |Observed (gal/min/100)
CD-6 9154 Above Toe 4 3E-05 00 1.7E-03 08 NA
CD-13 905.8 Toe 2 3E-03 1.0
CD-20 Dry D/S Blanket 34E-04 02
D-58 902 4 D/S of Blanket 2 9E-03 13
D-68 910.8
D-75 918.6
990 — — 990
940 (— < , — 940
= — 75 D6
= 80— 61+ (51+50) o \ r == 890
8 913 (53+48) <
= 840 — — 840
s D %
% 5 2 =
L 700 |— 3 EN CD- 1 700
75} [ | (51+60)
Ja0 |— — 740
S | | | | | | | | | | | | | &
-700 -600 -500 -400 300 -200 -100 0 100 200 300 400 500 600 700 800
Distance (ft)

Model Safety Predictions

Predicted Exit Gradients (i) and Pressure Head (P)

Predicted Minimum Factors of Safety (FS)

. g Tail Elevation at P, FSlpiping] Fs{pipingi Fsreﬂecﬁve_up]!‘-ﬂ]
Veat (Pef) Vs (Pef) ¢ (degrees) e h Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)
120.0 576 330 0.92 0.60 906.0 545 6.84 69.23
T T R DIS Blanket Top |D/S Blanket Bot. [P, F8 i comi P8 i it
(Toe) (Toe) (D/S of Blanket) |Elev. (ft) Elev. (ft) (D/S Blanket Base) (Through Seepage) (Under Seepage)
0.08 0.11 0.14 906.0 900.0 6.08 6.27 7.86

Plate F44




Bolivar Dam Seepage Analysis - Base Condition

Station

Pool Elevation (ft)

Tail Elevation (ft)

91+00

936

894

Model Predictions

1. Observed piezometric data are maximum readings during September 2004

2. Observed relief well flow listed was measured during September 2004 in well W-26; the observed flow was divided by 100 due to well spacing of 100 ft
3. Seepage was noted at the rock toe during September 2004 but flow rate was not measured

Piezometric Levels Quantity of Seepage Relief Well Flow
Piezometer |Predicted (ft) Observed (ft) Location Predicted (ft:‘!s)‘ft} Predicted (gal/min/ft) |Predicted {ftais.fft} Predicted (gal/min/ft) |Observed (gal/min/100)
CD-6 918.3 9151 Above Toe 1 7E-04 0.1 7.3E-03 33 38
CD-13 906 6 903 5 Toe 58E-03 26
CD-20 Dry Dry D/S Blanket 4 2E-04 02
D-58 902 6 902 3 D/S of Blanket 4 6E-03 21
D-68 9155 9156
D-75 923.8 922 6
Avg. Absolute Difference (ft) = 16
990 — — 990
940 |— — 940
@ 890 |— 935 — 890
o
,% 840 — —1 840
cg o
L g9 [— ) s ; L
M / / 4 - \ Gl-6)
740 |— — 740
i | | | | | | | | | | | | | | -
-700 -600 -500 400 -300 -200 100 0 100 200 300 400 500 600 700 800
Distance (ft)
Notes:

Model Safety Predictions
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS)
) ¥ Tail Elevation at P, FStp;ping, Fs{piping} Fs{eﬂediveuplift}
Vsat (PEf) |V (PCh) ¢ (degrees) e g Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)
1200 576 33.0 092 0.60 906.0 171 543 6154
T i ih max i D/S Blanket Top |D/S Blanket Bot. [P FSiprogressive erosion) FS (progressive erosion)
(Toe) (Toe) (D/S of Blanket) |Elev. (ft) Elev. (ft) (D/S Blanket Base) (Through Seepage) (Under Seepage)
027 035 017 906.0 900.0 6.09 197 6.24

Plate F45




Bolivar Dam Seepage Analysis - Base Condition

Station Pool Elevation (ft) |Tail Elevation [fT)
51+00 949 896
Model Predictions
Piezometric Levels Quantity of Seepage Relief Well Flow
Piezometer |Predicted (ft) Observed (ft) Location Predicted (ft:‘!s;‘ft} Predicted (gal/min/ft) |Predicted {ftais.fft} Predicted (gal/min/ft) |Observed (gal/min/100)
CD-6 924 4 923 Above Toe 6 0E-04 0.3 14E-02 6.1 57
CD-13 908.5 =>007.3 Toe 1.3E-02 57
CD-20 Dry Dry D/S Blanket 52E-04 02
D-58 9031 NA D/S of Blanket 4 7E-03 21
D-68 9211 NA
D-75 9301 NA
Avg. Absolute Difference (ft) = 14
990 — — 990
940 — — 940
@ 800 — — 890
£
= 840 (— — 840
-
% 790 (— — 790
S — 740
&b | | | | | | l | I | | | | | S
-700 -600 -500 -400 300 -200 -100 0 100 200 300 400 500 600 700 800
Distance (ft)
Notes:

1. Observed piezometric data are maximum readings during January 1991

2_ For the observed CD-13 piezometric level the = symbol is used because water was indicated at niser top

3. Piezometers were not yet installed or measurements were not made for observed piezometer readings indicated as NA

4. Observed relief well flow listed was measured during January 1991 in well W-26; the observed flow was divided by 100 due to well spacing of 100 ft
5. Seepage was noted at the rock toe and downstream of the blanket during January 1991 but flow rate was not measured

Model Safety Predictions

Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS)
) ¥ Tail Elevation at P, FStpipi,,g, Fs{piping} Fs{eﬂediveuplift}
Vsat (PEf) |V (PCh) ¢ (degrees) e g Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)
1200 576 33.0 092 0.60 906.0 064 6.15 46.15
T i ih max i D/S Blanket Top |D/S Blanket Bot. [P FSiprogressive erosion) FS (progressive erosion)
(Toe) (Toe) (D/S of Blanket) |Elev. (ft) Elev. (ft) (D/S Blanket Base) (Through Seepage) (Under Seepage)
058 094 0.15 906.0 900.0 612 073 7.08

Plate F46




Bolivar Dam Seepage Analysis - Base Condition

Station Pool Elevation (ft) |Tail Elevation (ft)
51+00 952 906
Model Predictions
Piezometric Levels Quantity of Seepage Relief Well Flow
Piezometer |Predicted (ft) Observed (ft) Location Predicted (ft:‘!s)‘ft} Predicted (gal/min/ft) |Predicted {ftais.fft} Predicted (gal/min/ft) |Observed (gal/min/100)
CD-6 9262 924 2 Above Toe 6 8E-04 0.3 22E-02 10.1
CD-13 909.8 =009 8 Toe 14E-02 6.2
CD-20 933.3 9341 D/S Blanket 4 1E-04 02
D-58 9062 906 .4 D/S of Blanket 5 7E-04 0.3
D-68 9222 924 5
D-75 9318 933.6
Avg. Absolute Difference (ft) = 14
990 — — 990
940 |— — 940
@ 890 |— 950 — 890
o
,% 840 — —1 840
o
5
= 790 |— —1 790
2 /
740 |— — 740
- | | | | | | | | | | | | | | -
-700 -600 -500 400 -300 -200 -100 0 100 200 300 400 500 600 700 800
Distance (ft)
Notes:
1. Observed piezometric data are maximum readings during January 2005
2_ For the observed CD-13 piezometric level the = symbol is used because water was frozen in a 3 foot extension added to the riser top which is at 906 .8 fi
3. Relief well flow was not measured on maximum piezometric readings date due to high tail water elevation; therefore listed as NA
4. Seepage was noted at the rock toe during January 2005 but flow rate was not measured; seepage couldn't be observed downstream of the blanket due to tail water level
Model Safety Predictions
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS)
I Tail Elevation at Pma:l( FStp;ping, Fs{piping} Fs{eﬂediveuplift}
= cl i i
Vsat (PEf) |V (PCh) ¢ (degrees) a - Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)
1200 576 33.0 092 0.60 906.0 061 5128 5538
s imas [ D/S Blanket Top |D/S Blanket Bot. [P, FSprogressive erasion) FS progressive erosion)
(Toe) (Toe) (D/S of Blanket) |Elev. (ft) Elev. (ft) (D/S Blanket Base) (Through Seepage) (Under Seepage)
072 0.99 0.02 906.0 900.0 6.10 0.70 58.97

Plate F47




Bolivar Dam Seepage Analysis - Base Condition

Station Pool Elevation (ft) |Tail Elevation (ft)
51+00 962 908.5
Model Predictions
Piezometric Levels Quantity of Seepage Relief Well Flow
Piezometer |Predicted (ft) Location Predicted (ft:‘!s)‘ft} Predicted (gal/min/ft) |Predicted {ftais.fft} Predicted (gal/min/ft) |Observed (gal/min/100)
CD-6 9317 Above Toe 2 2E-03 1.0 2 4E-02 10.8 NA
CD-13 913.7 Toe 2 0E-02 9.0
CD-20 9399 D/S Blanket 71E-04 0.3
D-58 908.8 D/S of Blanket 8 9E-04 04
D-68 9252
D-75 938.2
990 — —1 990
040 — —{ 940
g 890 [— —{ 890
=
=)
g 840 840
=70 —{ 790
740 |— —{ 740
— | I | | | | | | 1 | | | 50
700 -600 -500 400 -300 200 -100 0 100 200 300 400 500 600 700 800
Distance (ft)
Model Safety Predictions
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS)
: I Tail Elevation at Pma:l( FStp;ping, Fs{piping} Fs{eﬂediveuplift}
Vsat (PEf) |V (PCh) ¢ (degrees) e g Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)
1200 576 33.0 092 0.60 908.5 058 3183 184 62
s imas [ D/S Blanket Top |D/S Blanket Bot. [P, FSprogressive erasion) FS progressive erosion)
(Toe) (Toe) (D/S of Blanket) |Elev. (ft) Elev. (ft) (D/S Blanket Base) (Through Seepage) (Under Seepage)
114 1.04 0.03 906.0 900.0 853 0.66 36.60

Plate F48




Bolivar Dam Seepage Analysis - Base Condition

Station Pool Elevation (ft) |Tail Elevation (ft)
51+00 964 908.5
Model Predictions
Piezometric Levels Quantity of Seepage Relief Well Flow
Piezometer |Predicted (ft) Location Predicted (ft:‘!s)‘ft} Predicted (gal/min/ft) |Predicted {ftais.fft} Predicted (gal/min/ft) |Observed (gal/min/100)
CD-6 932 6 Above Toe 2 6E-03 12 2 5E-02 112 NA
CD-13 9139 Toe 2 1E-02 94
CD-20 9401 D/S Blanket 7.3E-04 0.3
D-58 9088 D/S of Blanket 9 3E-04 04
D-68 9261
D-75 9393
990 — — 990
040 |— — 940
E g0 |- —| 890
=]
k=
2 840 — — 840
b
m 70— —1 790
740 [— — 740
600 | | | | | | | | | | | | | 600
700 -600 -500 -400 -300 -200 -100 0 100 200 300 400 500 600 700 800
Distance (ft)
Model Safety Predictions
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS)
) ¥ Tail Elevation at P, FStp;ping, Fs{piping} Fs{eﬂediveuplift}
Vsat (PEf) |V (PCh) ¢ (degrees) e g Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)
1200 576 33.0 092 0.60 908.5 057 2078 184 62
s imas [ D/S Blanket Top |D/S Blanket Bot. [P, FSprogressive erasion) FS progressive erosion)
(Toe) (Toe) (D/S of Blanket) |Elev. (ft) Elev. (ft) (D/S Blanket Base) (Through Seepage) (Under Seepage)
117 1.06 0.03 906.0 900.0 853 0.65 3424

Plate F49




Bolivar Dam Seepage Analysis - Base Condition

Station Pool Elevation (ft) |Tail Elevation (ft)
51+00 982 930
Model Predictions
Piezometric Levels Quantity of Seepage Relief Well Flow
Piezometer |Predicted (ft) Location Predicted (ft:‘!s)‘ft} Predicted (gal/min/ft) |Predicted {ftais.fft} Predicted (gal/min/ft) |Observed (gal/min/100)
CD-6 951 1 Above Toe 1 9E-02 83 2 1E-02 92 NA
CD-13 9358 Toe 12E-02 56
CD-20 956.3 D/S Blanket 6.4E-04 0.3
D-58 930.3 D/S of Blanket 8 2E-04 04
D-68 9418
D-75 9556
990 — — 990
040 |— - — 940
@ 800 |— 980 — 890
=] D-58
-% 840 |— 913 - — 840
= §° &
7] “
i / / % q@ 4 — 790
] .
740 — — 740
50 I 1 | | | | 1 | | | | | 550
700 -600 -500 -400 300 200 -100 100 200 300 400 500 600 700 800
Distance (ft)
Model Safety Predictions
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS)
¥ Tail Elevation at P, FStp;ping, Fs{piping} Fs{eﬂediveuplift}
Vsat (PEf) |V (PCh) ¢ (degrees) e g Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)
1200 576 33.0 092 0.60 930.0 048 3297 5538
s imas [ D/S Blanket Top |D/S Blanket Bot. [P, FSprogressive erasion) FS progressive erosion)
(Toe) (Toe) (D/S of Blanket) |Elev. (ft) Elev. (ft) (D/S Blanket Base) (Through Seepage) (Under Seepage)
192 0.60 0.03 906.0 900.0 3010 0.55 37.91

Plate F50




Bolivar Dam Seepage Analysis - Base Condition

Station
51+00
Model Safety Predictions Summary
Minimum Factors of Safety
Pool Elevation {ﬂ}, FSlpiping} Fs{pipingl Fsleﬁecﬁvalﬁt; Fs[pmqressive erosion) Fs(pmgressive erosion)
Tail Elevation (ft) {Toe) (DIS of Blanket) |(D/S Blanket) (Through Seepage) (Under Seepage)
929 888 54 6.8 69.2 6.3 79
936, 894 1.7 54 61.5 20 6.2
949, 896 06 6.2 46.2 07 71
952, 906 06 513 554 07 59.0
962, 908 5 06 318 184 6 07 36.6
964, 908 5 06 298 184 6 07 342
982, 930 05 33.0 554 06 379
Minimum Factors of Safety Against Erosion
30 1 iy 1 I B . o e | e ..
i z i 0 o
s || = | 1 | H | 1TH
1 . L b b LB . ;5 2
& B . | | L 1 - B FS(piping)
L2008 1 1 = P S L | e (D/S of Blanket)
3 0 - | 0 |
i o i i e i s i e R i
;‘? 15 e 1 —1 | 1 . Earm L R 1Tl O FS(effective-uplift)
2 i . L ol ] Ll i (D/S Blanket)
§ 4 o o o i S e e e
A B m o m o i
= 1 . B | . | 1 OFS(progressive erosion)
osH || 1 | - i Tﬁ’ = Tg’;;‘; P (Through Seepage)
s S il i Ui i i B i e A
i |5_4 *EZIBGJ 83)78 , 17, 5%415;.; 2.ﬂ|8.2 : 08 [:2 4&; [l A : DGIIEQ:SISAE4 0.7 |50.0| : 0.6 ;IEE;H?U?PES ; _n_al;‘;z\u\.e:u: 34 2| : 0.5 3;0.55\_.4 1] [3?.0 u FS(DTOQTESSiVe erOSiOn}
929 888 936, 894 949, 896 952, 906 962, 908.5 964, 9085 982, 930 (Under Seepage)
Pool Elevation (ft}, Tail Elevation (ft)
Model Calibration Summary
Pool Elevation (], |Field Data |Avg. Absslute Difference of Predictad” "8 Aosolute Difference of -
: : 5 - Predicted and Observed Relief Well |Additional
Tail Elevation (ft) Date and Observed Piezometric Levels (ft) Flow (gal/min/ft)
Pool = 936, Tail = 894 | Sept-2004 1.6 05 Seepage noted at rock toe, and D/S of blanket on field
Pool = 949, Tail = 896 Jan-1991 14 04 data dates are predicted by model; flow rates of observed
Pool =952, Tail =906 | Jan-2005 14 NA seepage were not measured in field
Average 15 05

Notes:

1. Relief well flow was not measured on maximum piezometric readings date; therefore listed as NA

Plate F51




Plate F52

|Bolivaf Dam Seepage Analysis - Base Condition

Station
57+00
Model Expected Saturated Hydraulic Conductivity Values: Horizontal (Kx) and Vertical (Ky)
Material Kx (ft/s) (cm/s) Ky (ft/s) (cm/s)  |KylKx Kx/Ky ﬁ'dodei Color |
Core B8.2E-07 20E-01 5 DE+00 Dark Red
Shell 1 0E-01 1 0E+01 Light Purple
Rock toe 1.0E+00 1 0E+00 Gray
Founda ion silty sand 8 5E-02 1 2E+01 Light Yellow
Upstream blanket 20E-01 5 0E+00 Dark Purple
Downstream blanket 5 0E-01 2 0E+00
Relief well screen 1.9E+04 5.2E05
Relief well nser 3.9E+09 2.6E-10 Light Orange
Developed 5 0E-01 2 0E+00 Coral
gravel and outwash 02
Parapet wall Non-permeable Black
Bedrock Non-permeable NA
90 — — 990
o0 - — 940
Upsirexm blanket ~—a
E:..- 200 |— — 890
=
S g1 - Foundation silty sand “#— Developed gravel and outwash — w0
8 ¥ Relief well screen
ﬁu 0= Bedrock - ™
40 |— — 740
- | | | | | | | | | | | o
-700 600 -300 -400 300 -200 -100 0 100 200 300 400 T00 800
Distance (ft)
900 —
Toe
940 | ""—""_ /S Blanket e —1 940
s i e
E 80— —] 890
g
‘3 790 790
= - .l
740 — — 740
i | | | | | | | | | | | i
-100 600 -500 -400 -300 -200 -100 0 100 200 300 400 0 700 800
Distance (ft)




Bolivar Dam Seepage Analysis - Base Condition

Station

Pool Elevation (ft)

Tail Elevation (ft)

o7+00 929

888

ylodel Predictions

[Relief Well Flow

Piezometric Levels Quantity of Seepage
Piezometer |Predicted (ft) Location Predicted (ft*/s/ft) |Predicted (gal/min/ft) |Predicted (ft*/s/ft) |Predicted (gal/min/ft)
CD-7 9119 Above Toe 8 0E-05 0.0 2 1E-05 00
D-55 904.0 Toe 1.4E-04 0.1
D-06-28 912.1 D/S Blanket 1.1E-04 0.0
D-06-29 899.7 D/S of Blanket 4 7E-03 21
990 — — 990
040 |— — 910
@ 00 |— w—— p— T ‘#_.%_ —] 200
5 . Frac it o\ B
-E 840 |— &V L] o Relief o P, — 840
= A = i Well &
= { . )
L 700 [— — 790
25
740 |— —] 740
P | | | | | | | | | | | e
700 -600 -500 400 -300 200 -100 0 100 200 300 400 500 600 700 800
Distance (ft)
Model Safety Predictions
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS)
: : Tail Elevation at P,.., |FSiing FSpiping FSerective-uptify
Vsat (PE) Vo () §{aagrees) e e Location (ft) (Toe) (DS of Blanket) (DIS Blanket)
1200 57 6 330 0.92 0.60 906.0 14 .99 543 1015.38
¥ Ty by D/S Blanket Top |D/S Blanket Bot. [Py FSprogressive erasion)
(Toe) (Toe) (D/S of Blanket) [Elev. (ft) Elev. (ft) (D/S Blanket Base) (Under Seepage)
0.04 0.04 017 906.0 895.0 11.01 6.24

Plate F53




Bolivar Dam Seepage Analysis - Base Condition

Station

Pool Elevation (ft)

Tail Elevation (ft)

o7+00

936

894

!ﬂodel Predictions

990

940

890

840

Elevation (ft)

Piezometric Levels Quantity of Seepage [Relief Well Flow

Piezometer |Predicted (ft) Observed (ft) Location Predicted (ft*/s/ft) |Predicted (gal/min/ft) |Predicted (ft*/s/ft) |Predicted (gal/min/ft) |Observed (gal/min/100)
CD-7 914 5 9132 Above Toe 1.7E-04 0.1 9 0E-04 04 1.0

D-55 904 9 902.0 Toe 1.7E-03 038

D-06-28 914.6 NA D/S Blanket 2.6E-04 0.1

D-06-29 900.7 NA D/S of Blanket 5 6E-03 25

Avg. Absolute Difference (ft) = 21

740

690

Notes:

-500

-400

Distance (ft)

1. Observed piezometric data are maximum readings during September 2004
2. Observed relief well flow was measured during September 2004 in well W-30; observed flow was divided by 100 due to well spacing of 100 ft
3. Seepage was noted downstream of the blanket during September 2004 but the flow rate was note measured
4. Piezometers D-06-28 and D-06-29 were installed during fall 2006 and therefore had not yet provided data which could be used for calibration

300 400

500

800

Model Safety Predictions

Predicted Exit Gradients (i) and Pressure Head (P)

Predicted Minimum Factors of Safety (FS)

: : Tail Elevation at P,.., |FSiing FSpiping FSerective-uptify
Vsat (PE) Vo () §{aagrees) N e Location (ft) (Toe) (DS of Blanket) (DIS Blanket)
1200 o576 330 092 0.60 906.0 8.56 440 507 69
¥ Ty by D/S Blanket Top |D/S Blanket Bot. [Py FSprogressive erasion)
(Toe) (Toe) (D/S of Blanket) [Elev. (ft) Elev. (ft) (D/S Blanket Base) (Under Seepage)
0.08 0.07 0.21 906.0 8950 11.02 2.05

Plate F54




Bolivar Dam Seepage Analysis - Base Condition

Station

Pool Elevation (ft)

Tail Elevation (ft)

o7+00

949

896

!ﬂodel Predictions

1. Observed piezometric data are maximum readings during January 1991

2. Observed relief well flow was measured during January 1991 in well W-30; observed flow was divided by 100 due to well spacing of 100 ft
3. Seepage was noted downstream of the blanket during January 1991 but the flow rate was note measured
4 Piezometer D-55 was installed in 1992, and piezometers D-06-28 and D-06-29 were installed during fall 2006; therefore they had not yet provided data which could be used for calibration

Piezometric Levels Quantity of Seepage [Relief Well Flow
Piezometer |Predicted (ft) Observed (ft) Location Predicted (ft*/s/ft) |Predicted (gal/min/ft) |Predicted (ft*/s/ft) |Predicted (gal/min/ft) |Observed (gal/min/100)
CD-7 918.2 9193 Above Toe 2 2E-04 0.1 4 9E-03 22 19
D-55 905.0 NA Toe 2 5E-03 11
D-06-28 918.5 NA D/S Blanket 3.2E-04 0.1
D-06-29 901.1 NA D/S of Blanket 5.3E-03 24
Avg. Absolute Difference (ft) = 1.1
990 — — 990
940 |— —] 010
& g0 |— % ——— e 13
T D-55 L/
£ P 5
g 80— S g = o S o, 2z Reli? %0 — 840
¢ LMD % 8 \
t 790 |— —] 790
740 |— —1 740
. | | | | | | | | | | | | | o
-700 -600 -500 -400 300 200 -100 0 100 200 300 400 500 600 700 800
Distance (ft)
Notes:

Model Safety Predictions

Predicted Exit Gradients (i) and Pressure Head (P)

Predicted Minimum Factors of Safety (FS)

: : Tail Elevation at P,.., |FSiing FSpiping FSerective-uptify
Vsat (PE) Vo () §{aagrees) N e Location (ft) (Toe) (DS of Blanket) (DIS Blanket)
1200 57 6 330 092 0.60 906.0 6.66 3.55 20308
oo [ by i D/S Blanket Top |D/S Blanket Bot. |Pmax FS progressive erasion)
(Toe) (Toe) (D/S of Blanket) [Elev. (ft) Elev. (ft) (D/S Blanket Base) (Under Seepage)
012 0.09 0.26 906.0 8950 11.05 408

Plate F55




Bolivar Dam Seepage Analysis - Base Condition

Station

Pool Elevation (ft)

Tail Elevation (ft)

o7+00

952

906

!ﬂodel Predictions

[Relief Well Flow

3. Seepage couldn't be observed downstream of blanket due to high tail water level

4. Piezometers D-06-28 and D-06-29 were installed during fall 2006 and therefore had not yet provided data which could be used for calibration

Piezometric Levels Quantity of Seepage
Piezometer |Predicted (ft) Observed (ft) Location Predicted (ft*/s/ft) |Predicted (gal/min/ft) |Predicted (ft*/s/ft) |Predicted (gal/min/ft) |Observed (gal/min/100)
CD-7 9192 9219 Above Toe 2 4E-04 0.1 12E-02 54 NA
D-55 906.0 =906 Toe 2 7TE-03 12
D-06-28 919.5 NA D/S Blanket 1.2E-04 0.1
D-06-29 906.1 NA D/S of Blanket 2 6E-04 0.1
Avg. Absolute Difference (ft) = 1.3
290 — — 990
940 — * —1 940
€ - / / s — & — g0
— 950
g s,s/ (56+98) s
=] 9 o w 2 5 (58+50)
g 80— / o ES s 9 5 o 2 Relief —1 840
Qp‘) I/ [ | . } J: A% e .
= 790 |— — 790
740 |— —1{ 740
= | | | | | | | | | | | | | | P
700 -600 500 400 300 200 -100 0 100 200 300 400 500 600 700 800
Distance (ft)
Notes:

1. Observed piezometric data are maximum readings during January 20035; for D-55 the = symbol is used as this reading was obtained prior to tail water level preventing further measurement
2. Relief well flow was not measured on maximum piezometric readings date due to high tail water elevation; therefore listed as NA

Model Safety Predictions

Predicted Exit Gradients (i) and Pressure Head (P)

Predicted Minimum Factors of Safety (FS)

: : Tail Elevation at P,.., |FSiing FSpiping FSerective-uptify
Vsat (PE) Vo () §{aagrees) N e Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)
1200 o576 330 092 0.60 906.0 545 923 101.54
¥ Ty by D/S Blanket Top |D/S Blanket Bot. [Py FSprogressive erasion)
(Toe) (Toe) (D/S of Blanket) [Elev. (ft) Elev. (ft) (D/S Blanket Base) (Under Seepage)
0.12 0.1 0.01 906.0 8950 11.10 6.27

Plate F56




Bolivar Dam Seepage Analysis - Base Condition

Station

Pool Elevation (ft)

Tail Elevation (ft)

o7+00

962

908.5

ylodel Predictions

Piezometric Levels Quantity of Seepage [Relief Well Flow
Piezometer |Predicted (ft) Location Predicted (ft*/s/ft) |Predicted (gal/min/ft) |Predicted (ft*/s/ft) |Predicted (gal/min/ft)
CD-7 9228 Above Toe 4 3E-04 02 1 4E-02 6.3
D-55 908.5 Toe 3.5E-03 16
D-06-28 9242 D/S Blanket 1.4E-04 0.1
D-06-29 908.6 D/S of Blanket 2 9E-04 0.1
990 —
940 |—
@ 800 —
=
-E 840 —
g
L2 790 |—
75}
740 — — 740
- | | | | | | | | | | | | | -
700 600 -500 -400 300 200 -100 0 100 200 300 400 500 600 700 800
Distance (ft)
Model Safety Predictions
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS)
: : Tail Elevation at P,.., |FSiing FSpiping FSerective-uptify
Vsat (PE) Vo () §{aagrees) e e Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)

1200 57 6 330 0.92 0.60 908.5 5.99 92 31 293 85
¥ Ty by D/S Blanket Top |D/S Blanket Bot. [Py FSprogressive erasion)
(Toe) (Toe) (D/S of Blanket) [Elev. (ft) Elev. (ft) (D/S Blanket Base) (Under Seepage)

0.14 0.10 0.01 906.0 895.0 13.54 6.89

Plate F57




Bolivar Dam Seepage Analysis - Base Condition

Station

Pool Elevation (ft)

Tail Elevation (ft)

o7+00

964

908.5

ylodel Predictions

Piezometric Levels Quantity of Seepage [Relief Well Flow
Piezometer |Predicted (ft) Location Predicted (ft*/s/ft) |Predicted (gal/min/ft) |Predicted (ft*/s/ft) |Predicted (gal/min/ft)
CD-7 9247 Above Toe 4 6E-04 02 1 5E-02 6.5
D-55 908.5 Toe 3 6E-03 16
D-06-28 9248 D/S Blanket 1.5E-04 0.1
D-06-29 908.6 D/S of Blanket 3 1E-04 0.1
200 — — 990
940 |— — 940
E 80 — —1 890
=
2 s0 —1 840
o
=
L 700 |— — 790
25}
740 |— —1 740
i | [ | | | | | | | | | | | i
700 -600 -500 400 -300 200 -100 0 100 200 300 400 500 600 700 800
Distance (ft)
Model Safety Predictions
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS)
: : Tail Elevation at P,.., |FSiing FSpiping FSerective-uptify
Vsat (PE) Vo () §{aagrees) e e Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)
1200 57 6 330 0.92 0.60 908.5 545 92 31 293 85
P i S D/S Blanket Top |D/S Blanket Bot. [P FS pogrecamve erosion)
(Toe) (Toe) (D/S of Blanket) [Elev. (ft) Elev. (ft) (D/S Blanket Base) (Under Seepage)
0.15 0.11 0.01 906.0 895.0 13.54 6.27

Plate F58




Bolivar Dam Seepage Analysis - Base Condition

Station

Pool Elevation (ft)

Tail Elevation (ft)

o7+00

982

930

ylodel Predictions

Piezometric Levels Quantity of Seepage [Relief Well Flow
Piezometer |Predicted (ft) Location Predicted (ft*/s/ft) |Predicted (gal/min/ft) |Predicted (ft*/s/ft) |Predicted (gal/min/ft)
CD-7 945 1 Above Toe 1.0E-03 05 1 4E-02 6.1
D-55 930.0 Toe 2 2E-03 1.0
D-06-28 945.1 D/S Blanket 1.4E-04 0.1
D-06-29 930.1 D/S of Blanket 2 9E-04 0.1
990 — o — 990
940 [— - —1 940
?_:_/ 890 |— 980 / / / Do) :D;:;==__— 930 ; —| 890
5 ll s A il (58+50) Ul
§ / !'* &£ g g 2 F g 5, Well
1 " I | L 1 [ =
= 790 790
740 [— —1 740
690 | | 690
700 -600 -500 400 300 200 -100 0 100 200 300 400 500 600 700 800
Distance (ft)
Model Safety Predictions
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS)
: : Tail Elevation at P,.., |FSiing FSpiping FSerective-uptify
Vsat (PE) Vo () §{aagrees) e e Location (ft) (Toe) (DIS of Blanket) (DIS Blanket)
1200 57 6 330 0.92 0.60 930.0 6.59 92 31 101.54
P i S D/S Blanket Top |D/S Blanket Bot. [P FS pogrecamve erosion)
(Toe) (Toe) (D/S of Blanket) [Elev. (ft) Elev. (ft) (D/S Blanket Base) (Under Seepage)
0.14 0.09 0.01 906.0 895.0 35.10 7.58

Plate F59




Bolivar Dam Seepage Analysis - Base Condition

Notes:

1. Relief wells flow was not measured on maximum piezometric readings date; therefore listed as NA

Station
57+00
Model Safety Predictions Summary
Minimum Factors of Safety
Pool Elevation ‘ﬂ}, Fs(pipi“g] Fs|piping'_l Fs{eﬁecﬁveq.lpli‘ﬂ] Fs{pmgressive erosion)
Tail Elevation (ft) (Toe) (D/S of Blanket) |(D/S Blanket) (Under Seepage)
929 888 150 54 10154 6.2
936, 894 8.6 4.4 507.7 5.1
949, 896 6.7 36 203.1 41
952, 906 54 923 101.5 6.3
962 908.5 6.0 923 2538 6.9
964, 908 5 54 923 2538 6.3
982, 930 6.6 923 101.5 76
Minimum Factors of Safety Against Erosion
100 g—f=— %: % ' T ; - B FS(piping)
9034 — : e b L L (Toe)
8031 =1 i b 1 .
i o g B L B Ry O FS(piping)
70 | | || . : % 2 . -
g "1 [ - — i i L= (DIS of Blanket)
Z 50 — b b —
g soid [T] | || | o | | | |OFS(effective-uplift)
e oy - ] G % o i e
5 2o || s — . i o - — SRR
& 3031 | | B ] b i . B | _ )
3 | | b b | . . O FS(progressive erosion)
204+ )} | o e b | - o — (Under Seepage)
e G de S e ] - S i e
10341 | ] 11 E b L e I RN
G E 15.00 54 1Iﬂi5_1.16_2 : BB 4.4__L5|J7.?. 51 ; 8.7 .‘:LE m.ql 4.1 : 54 I_D_zﬂ:ltlll.sl 8.3 : 80 ‘QQ%PE&BIGO 54 .31253.5. 6.3 ; 8.8 I_D2f.3l1l11.5. 76
929, 888 936, 894 949, 896 952, 906 962,908 5 964, 908.5 982, 930
Pool Elevation (ft), Tail Elevation (ft)
Model Calibration Summary
Pool Elevation (ft), |Field Data |Avg. Absolute Difference of Predicted’"9- A0SO ut€ DErerancaof »
Tail Elevati ft Dat and Observed Piezometric Levels (ft) Predicted and Observed Relief Well |Additional
ail Bissration (1) e Flow (gallmin/ft)
Pool =936, Tail =894 | Sept-2004 21 0.60 Seepage noted D/S of blanket on field data dates are
Pool = 949, Tail = 896 Jan-1991 1.1 0.29 |predicted by model; flow rates of observed seepage were
Pool = 952, Tail = 906 Jan-2005 13 NA |not measured in field
Average| 15 0.44 |

Plate F60
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