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Bolivar Dam Seepage Analysis - Base Condition 
Station IPool Elevation (ft) ITail Elevation (ft) I 
5+00 1936 1894 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage 

Piezometer Predicted l ftl Location Predicted (ft31slftl Predicted laallminlftl 
CD-1 917.4 Above Toe 6.7E-09 0.0 
CD-28 916.6 Toe 4.8E-09 0.0 
CD-8 916.5 DIS Plateau 9.6E-09 0.0 
C-04-01 913.3 DIS of Plateau 1.1E-03 0.5 

990 r

/"~ 
- 990 

,-.,. 940 f- ~ 1 - 940s ........... 
.:: r-11 

f ' I ~0 
890 c:io) ~!i.~ CD-8 

..., 
890·D o; >C

"' (5+00)
(; r C~l 0 

(5+17) Iw 840 f - 840 

790 I I I I I I I I I I I I I I I I I I '190 
-0 6 -05 -04 -03 -02 -01 00 01 02 03 0 4 05 0 6 07 0 8 0 9 10 II 12 1 3 

Distance (ft) (x 1000) 

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

Model Safety Predictions 
Predicted Exit Gradients ! il Predicted Minimum Factors of Safew !FS 

Vsat (pcf) Vb(pcf) + (degrees) icv icto 
FS(p;pingl FS1p;p;ng1 
IIToel tDIS of Plateau) 

120.0 57.6 33.0 0.92 0.60 59.95 36.92 

ivmax ihmax ivmax ihmax FS(progressive erosion) 
IIToel tToel IIDIS of Plateau) DIS of Plateau) lUnder Seepage) 

0.01 0.01 0.03 0.01 42.46 

Plate F2 



Bolivar Dam Seepage Analysis - Base Condition 
Station IPool Elevation (ft) ITail Elevation (ft) I 
5+00 1949 1896 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage 
Piezometer Predicted (ft) Observed (ft) Location Predicted (ft31slft) Predicted (gal/minlft) 
CD-1 931.2 931.6 Above Toe 5.4E-08 0.0 
CD-28 930.2 931.6 Toe 3.7E-08 0.0 
CD-8 929.9 931.6 DIS Plateau 6.1E-08 0.0 
C-04-01 925.1 NA DIS of Plateau 5.3E-03 2.4 
Ava. Absolute Difference !ftl = 1.2 
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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 ! il Predicted Minimum Factors of Safew !FS 

Vsat (pcf) Vb(pcf) + (degrees) icv icto 
FS(p;pingl FS1p;p;ng1 
(Toe) (DIS of Plateau) 

120.0 57.6 33.0 0.92 0.60 46.15 5.45 

ivmax ihmax ivmax ihmax FS(progressive erosion) 
I!Toel fToel I!DIS of Plateau) DIS of Plateau) (Under Seepage) 

0.02 0.01 0.11 0.11 6.27 

Plate F3 



Bolivar Dam Seepage Analysis - Base Condition 
Station IPool Elevation (ft) ITail Elevation (ft) I 
5+00 1952 1906 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage 

Piezometer Predicted l ftl Observed l ftl Location Predicted (ft31slftl Predicted laallminlftl 
CD-1 938.6 935.3 Above Toe 2.1E-07 0.0 
CD-28 936.9 935.8 Toe 1.4E-07 0.0 
CD-8 936.8 934.3 DIS Plateau 2.7E-07 0.0 
C-04-01 930.6 929.2 DIS of Plateau 9.1E-03 4.1 
Ava. Absolute Difference !ftl = 2.1 
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Notes: 
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 

Model Safety Predictions 
Predicted Exit Gradients ! il Predicted Minimum Factors of Safew !FS 

Vsat (pcf) Vb(pcf) + (degrees) icv icto 
FS(p;pingl FS1p;p;ng) 
IIToel tDIS of Plateau) 

120.0 57.6 33.0 0.92 0.60 39.96 5.13 

ivmax ihmax ivmax ihmax FS(progressive erosion) 
IIToel tToel IIDIS of Plateau) DIS of Plateau) lUnder Seepage) 

0.02 0.02 0.18 0.10 5.90 

Plate F4 



Bolivar Dam Seepage Analysis - Base Condition 
Station IPool Elevation (ft) ITail Elevation (ft) I 
5+00 1962 1908.5 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage 

Piezometer Predicted l ftl Location Predicted (ft31slftl Predicted laallminlftl 
CD-1 950.1 Above Toe 8.4E-06 0.0 
CD-28 947.5 Toe 1.1E-04 0.0 
CD-8 946.6 DIS Plateau 1.2E-04 0.1 
C-04-01 936.6 DIS of Plateau 1.8E-02 8.1 
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Notes: 
1. Maximum "exit gradienf' listed for the toe region is actually the maximum seepage gradient measured near the phreatic surface 

Model Safety Predictions 
Predicted Exit Gradients ! il Predicted Minimum Factors of Safew !FS 

Vsat (pcf) Vb(pcf) +(degrees) icv icto 
FS(p;pingl FS1p;p;ng) 
IIToel tDIS of Plateau) 

120.0 57.6 33.0 0.92 0.60 23.08 4.40 

ivmax ihmax ivmax ihmax FS(progressive erosion( 
IIToel tToel IIDIS of Plateau) DIS of Plateau) lUnder Seepage) 

0.04 0.02 0.21 0.11 5.05 

Plate F5 



Bolivar Dam Seepage Analysis - Base Condition 
Station IPool Elevation (ft) ITail Elevation (ft) I 
5+00 1964 1908.5 I 
Model Predictions 
Piezometr ic Levels QuantiwofSeepage 

Piezometer Predicted l ftl Location Predicted (ft31slftl Predicted laallminlftl 
CD-1 951.2 Above Toe 1.1E-05 0.0 
CD-28 948.5 Toe 1.6E-04 0.1 
CD-8 947.6 DIS Plateau 1.7E-04 0.1 
C-04-01 937.4 DIS of Plateau 2.0E-02 9.0 
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Notes: 
1. Maximum "exit gradienf ' listed for the toe region is actually the maximum seepage gradient measured near the phreatic surface 

Model Safety Predictions 
Predicted Exit Gradients ! il Predicted Minimum Factors of Safew !FS 

Vsat (pcf) Vb(pcf) +(degrees) icv icto 
FS(p;pingr FS1p;p;ng) 
IIToel tDIS of Plateau) 

120.0 57.6 33.0 0.92 0.60 20.51 4 .40 

ivmax ihmax ivmax ih max FS(progressive erosion( 
IIToel tToel IIDIS of Plateau) DIS of Plateau) lUnder Seepage) 

0 .05 0.03 0.21 0.11 5.05 

Plate F6 



Bolivar Dam Seepage Analysis - Base Condition 
Station IPool Elevation (ft) ITail Elevation (ft) I 
5+00 1982 1930 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage 

Piezometer Predicted l ftl Location Predicted (ft31slftl Predicted laallminlftl 
CD-1 961.2 Above Toe 1.2E-04 0.1 
CD-28 956.3 Toe 2.1E-03 0.9 
CD-8 956.4 DIS Plateau 4.8E-03 2.2 
C-04-01 941 .0 DIS of Plateau 2.9E-02 13.0 
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Model Safety Predictions 
Predicted Exit Gradients ! il Predicted Minimum Factors of Safew !FS 

Vsat (pcf) Vb(pcf) +(degrees) icv icto 
FS(p;pingl FS1p;p;ng) 
IIToel tDIS of Plateau) 

120.0 57.6 33.0 0.92 0.60 4.40 9.99 

ivmax ihmax ivmax ihmax FS(progressive erosion) 
IIToel tToel IIDIS of Plateau) DIS of Plateau) lUnder Seepage) 

0.21 0.12 0.07 0.06 5.05 

Plate F7 



Model Safe 

Pool Elevation (ft), 
Tail Elevation (ft) 
936 894 
949896 
952 906 
962,908.5 
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Minimum Factors of Safety Against Erosion 
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Model Calibration Summary 

Pool Elevation (ft), 
Tail Elevation (ft) 

Pool = 949 Tail = 896 
Pool = 952, Tail = 906 

Field Data Avg. Absolute Difference of Predicted 
Date and Observed Piezometric Levels (ft) 

Jan-1991 1.2 
Jan-2005 2.1 

Avera e 1.6 

964, 908.5 982, 930 

Additional 

[] FS(piping) 
(Toe) 

[] FS(piping) 
(DIS of Plateau) 

mFS(progressive erosion) 
(Under Seepage) 

Seepage noted DIS of plateau on field data date is 
predicted by model; flow rates of observed seepage were 
not measured in field 

Plate F8 



1.0E-01 1.0E+01 Light Purple 
1.9E-03 
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Bolivar Dam Seepage Analysis - Base Condition 
Station IPool Elevation (ft) ITail Elevation (ft) I 
20+00 1936 1894 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage 

Piezometer Predicted l ftl Observed l ftl Location Predicted (ft31slftl Predicted laallminlftl 
CD-3 919.9 917.3 Above Toe 1.4E-08 0.0 
CD-17 920.4 921.6 Toe 3.3E-08 0.0 
D-65 917.8 914.4 DIS Plateau 1.2E-08 0.0 
Ava. Absolute Difference !ftl = 2.4 DIS of Plateau 1.9E-03 0.9 
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Notes: 
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 

Model Safety Predictions 
Predicted Exit Gradients ! il Predicted Minimum Factors of Safew !FS 

Vsat (pcf) Vb(pcf) + (degrees) icv icto 
FS(p;pingl FS1p;p;ng1 
IIToel tDIS of Plateau) 

120.0 57.6 33.0 0.92 0.60 39.96 11.99 

ivmax ihmax ivmax ihmax FS(progressive erosion) 
IIToel tToel IIDIS of Plateau) DIS of Plateau) lUnder Seepage) 

0.01 0.02 0.06 0.05 13.79 

Plate F10 



Bolivar Dam Seepage Analysis - Base Condition 
Stat ion IPool Elevation (ft) ITail Elevation (ft) I 
20+00 1949 1896 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage 
Piezometer Predicted (ft) Observed (ft) Location Predicted (ft31slft) Predicted (gal/minlft) 
CD-3 929.9 930.9 Above Toe 6.6E-08 0.0 
CD-17 930.3 929.9 Toe 1.4E-07 0.0 
D-65 926.9 NA DIS Plateau 5.5E-08 0.0 
Ava. Absolute Difference !ftl = 0.7 DIS of Plateau 4.2E-03 1.9 

990 r

_/1~ 
- 990 

'SZ 
940 r \ =:::t:::-_ - 940 

v I / ~ro" '•••'! I -~ 890 r (24+97) (25+18) 

\ '~ 
- 890 

'-' 

§ ) 

-~ 840 f - 840 

( i fJ 
I 

"' r~ 
., 

0 '%.liJ 790 r S1 ;;: - 790 

I I l \ 
740 f - 740 

690 I I I I I I I I I I I I I I I I I I I 690 
.,7 .,6 .,5 .,4 .,3 .,2 -01 00 0 1 02 03 0 4 0 5 06 07 OS 09 10 II 12 1 3 

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 Safew !FS 

Vsat (pcf) Vb(pcf) +(degrees) icv icto 
FS(p;pingl FS1p;p;ng1 
(Toe) (DIS of Plateau) 

120.0 57.6 33.0 0.92 0.60 29.97 7.69 

ivmax ihmax ivmax ihmax FS(progressive erosion) 
I!Toe} fToe} I!DIS of Plateau} DIS of Plateau} (Under Seepage} 

0.01 0.02 0.12 0.07 8.85 

Plate F11 



Bolivar Dam Seepage Analysis - Base Condition 
Station IPool Elevation (ft) ITail Elevation (ft) I 
20+00 1952 1906 I 
Model Predictions 
Piezometr ic Levels QuantiwofSeepage 

Piezometer Predicted l ftl Observed l ftl Location Predicted (ft31slftl Predicted laallminlftl 
CD-3 934.9 933.6 Above Toe 1.5E-07 0.0 
CD-17 935.7 932.5 Toe 3.2E-07 0.0 
D-65 933.1 929.6 DIS Plateau 1.4E-07 0.0 
Ava. Absolute Difference !ftl = 2.7 DIS of Plateau 5.1E-03 2.3 
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Notes: 
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 

Model Safety Predictions 
Predicted Exit Gradients ! il Predicted Minimum Factors of Safew !FS 

Vsat (pcf) Vb(pcf) + (degrees) icv icto 
FS(p;pingl FS1p;p;ng1 
IIToel tDIS of Plateau) 

120.0 57.6 33.0 0.92 0.60 29.97 9.23 

ivmax ihmax ivmax ihmax FS(progressive erosion) 
IIToel tToel IIDIS of Plateau) DIS of Plateau) lUnder Seepage) 

0.02 0.02 0.10 0.05 10.62 

Plate F12 



Bolivar Dam Seepage Analysis - Base Condition 
Station IPool Elevation (ft) ITail Elevation (ft) I 
20+00 1962 1908.5 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage 

Piezometer Predicted l ftl Location Predicted (ft31slftl Predicted laallminlftl 
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 DIS Plateau 2.3E-07 0.0 

DIS of Plateau 7.1E-03 3.2 
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Distance (ft)(x 1000) 

Notes: 
1. Maximum "exit gradient" listed for the toe reg ion is actually the maximum seepage gradient measured near the phreatic surface 

Model Safety Predictions 
Predicted Exit Gradients ! il Predicted Minim um Factors of Safew !FS 

Vsat (pcf) Vb(pcf) +(degrees) icv icto 
FS(p;pingl FS1p;p;ng1 
IIToel tDIS of Plateau) 

120.0 57.6 33.0 0.92 0.60 23.98 8.39 

ivmax ihmax ivmax ihmax FS(progressive erosion) 
IIToel tToel IIDIS of Plateau) DIS of Plateau) lUnder Seepage) 

0.04 0.03 0.11 0.07 9.65 

Plate F13 



Bolivar Dam Seepage Analysis - Base Condition 
Station IPool Elevation (ft) ITail Elevation (ft) I 
20+00 1964 1908.5 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage 

Piezometer Predicted l ftl Location Predicted (ft31slftl Predicted laallminlftl 
CD-3 943.4 Above Toe 1.1E-06 0.0 
CD-17 943.9 Toe 7.1E-07 0.0 
D-65 941 .8 DIS Plateau 1.2E-06 0.0 

DIS of Plateau 9.1E-03 4.1 
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Notes: 
1. Maximum "exit gradient" listed for the toe reg ion is actually the maximum seepage gradient measured near the phreatic surface 

Model Safety Predictions 
Predicted Exit Gradients ! il Predicted Minimum Factors of Safew !FS 

Vsat (pcf) Vb(pcf) + (degrees) icv icto 
FS(p;pingl FS1p;p;ng1 
IIToel tDIS of Plateau) 

120.0 57.6 33.0 0.92 0.60 23.98 7.69 

ivmax ihmax ivmax ihmax FS(progressive erosion) 
IIToel tToel IIDIS of Plateau) DIS of Plateau) lUnder Seepage) 

0.04 0.03 0.12 0.05 8.85 

Plate F14 



Bolivar Dam Seepage Analysis - Base Condition 
Station IPool Elevation (ft) ITail Elevation (ft) I 
20+00 1982 1930 I 
Model Predictions 
Piezometr ic Levels QuantiwofSeepage 

Piezometer Predicted l ftl Location Predicted (ft31slftl Predicted laallminlftl 
CD-3 953.3 Above Toe 8.1E-06 0.0 
CD-17 952.4 Toe 1.4E-03 0.6 
D-65 949.4 DIS Plateau 5.3E-04 0.2 

DIS of Plateau 2.1E-02 9.4 
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Distance (ft)(x 1000) 

Model Safety Predictions 
Predicted Exit Gradients ! il Predicted Minim um Factors of Safew !FS 

Vsat (pcf) Vb(pcf) + (degrees) icv icto 
FS(p;pingl FS1p;p;ng1 
IIToel tDIS of Plateau) 

120.0 57.6 33.0 0.92 0.60 3.69 4.00 

ivmax ihmax ivmax ih max FS(progressive erosion) 
IIToel tToel IIDIS of Plateau) DIS of Plateau) lUnder Seepage) 

0.25 0.07 0.16 0.15 4.25 

Plate F15 



Pool Elevation (ft), 
Tai l Elevation (ft) 
936 894 
949896 
952 906 
962,908.5 
964 908.5 
982 930 

Minimum Factors of Safety Against Erosion 
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Pool Elevation (It), Tail Elevation (It) 

Model Calibration Summary 

Pool Elevation (ft), 
Tai l Elevation (ft) 

Pool = 936 Tail = 894 
Pool = 949, Tail = 896 
Pool = 952 Tail = 906 

Field Data Avg. Absolute Difference of Predicted 
Date and Observed Piezometric Levels (ft) 

Se t-2004 2.4 
Jan-1991 0.7 
Jan-2005 2.7 

Avera e 1.9 

964, 908.5 982, 930 

13 FS(piping) 
(Toe) 

C FS(piping) 
(DIS of Plateau) 

mFS(progressive erosion) 
(Under Seepage) 
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Station 
27+{)0 
Model Ex 
Material Model Color 
Core 

Non-permeable NA 

Shell 6.2E~4 

1.9E-02 
Rock toe 1.6E~1 

4.9E+OO 
Foundation silty sand 2.8E~3 

BAE-02 
Upstream blanket 4.7E~6 

1.4E-04 
Downstream blanket 3.3E~4 

1.0E-02 
Relief well screen 6.6E~3 

2.0E-01 
Relief well riser 3.2E~B 

9.9E-07 
Developed 3.3E~3 

ravel and outwash 1.0E-01 
Parapet wall 

Bedrock 
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9.4E~7 2.0E~1 5.0E+OO 
2.9E-05 
1.7E~4 5.0E~1 2.0E+OO Purple 
S.OE-03 
1.3E+02 1.9E+04 5.2E~5 Red 
3.9E+03 
1.3E+02 3.9E+09 2.6E-10 
3.9E+03 
1.7E~3 5.0E~1 2.0E+OO 
S.OE-02 

Coral 

BlackNon-permeable 

Jtoc,t lot ¥ Rthfwtllriser 
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Bolivar Dam Seepage Analysis - Base Condition 
Stat ion IPool Elevation (ft) ITail Elevation (ft) I 
27+00 1936 1894 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage Relief Well Flow (left welll 

Piezometer Predicted l ftl Observed l ftl Location Predicted (ft3/slftl Predicted laallminlftl Predicted (ft3/slftl Predicted laallm in/ftl Observed laallminl 
CD-26 917.5 914.0 Above Toe 7.4E-06 0.0 2.1E-06 I 0.0 I 0.0 
D-62 902.6 900.8 Toe 7.1E-07 0.0 Relief Well Flow (right well) 

D-63 916.1 913.6 DIS Blanket 3.1E-06 0.0 Predicted (ft' /slft) Predicted (gallmin/ft) Observed (gal/min/100) 
D-64 909.8 908.0 DIS of Blanket 6.9E-07 0.0 1.5E-06 I 0.0 I 0.02 
D-66 920.2 917.5 
Ava. Absolute Difference !ftl = 2.5 
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Distance (ft) (x 1000) 

Notes: 
1. Observed piezometric 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 spadng of 100 fl 
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) 

Vsat (pcf) Vb(pcf) +(degrees) icv icto 
Tai l Elevation at Pmax FS(p;pingl FS1p;p;ng1 F S(effective.uplift) 
Location l ftl IIToel ID/S of Blanket) ID/S Blanket) 

120.0 57.6 33.0 0.92 0.60 917.1 19.98 4.86 152.46 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax FS(progressive erosion) 
IIToel tToel IID/S of Blanket) Elev. (ft) Elev. (ft) ID/S Blanket Basel lUnder Seepage) 

0.04 0.03 0.19 924.5 916.0 1.20 5.59 
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Bolivar Dam Seepage Analysis - Base Condition 
Stat ion IPool Elevation (ft) ITail Elevation (ft) I 
27+00 1949 1896 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage Relief Well Flow (left welll 

Piezometer Predicted l ftl Observed l ftl Location Predicted (ft3/slftl Predicted laallminlftl Predicted (ft3/slftl Predicted laallm in/ftl Observed laallminl 
CD-26 924.8 926.0 Above Toe 3.1E-05 0.0 1.3E-05 I 0.0 I 0.0 
D-62 905.4 NA Toe 5.4E-06 0.0 Rel ief Well Flow (right well) 

D-63 922.9 NA DIS Blanket 1.3E-05 0.0 Predicted (ft'/slft) Predicted (gallmin/ft) Observed (gal/min/100) 
D-64 914.7 NA DIS of Blanket 3.6E-03 1.6 1.5E-03 I 0.7 I 1.1 
D-66 928.3 NA 
W-35 (static) 921 .8 921.5 
Ava. Absolute Difference lftl = 0.8 
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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 (right well); well W-35 (left well) wasn't flowing; observed flow was divided by 100 due to well spacing of 100ft 
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) 

Vsat (pcf) Vb(pcf) + (degrees) icv icto 
Tai l Elevation at Pmax FS(p;pingl FS1p;p;ng1 F S(effective-oplift) 
Location l ftl IIToel ID/S of Blanket) ID/S Blanket) 

120.0 57.6 33.0 0.92 0.60 924.3 19.98 4.69 80.96 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax FS(progressive erosion) 
IIToel tToel IID/S of Blanket) Elev. (ft) Elev. (ft) ID/S Blanket Basel lUnder Seepage) 

0.05 0.03 0.20 924.5 916.0 8.35 5.39 
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Bolivar Dam Seepage Analysis - Base Condition 
Stat ion IPool Elevation (ft) ITail Elevation (ft) I 
27+00 1952 1906 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage Relief Well Flow (left welll 

Piezometer Predicted l ftl Observed l ftl Location Predicted (ft3/slftl Predicted laallminlftl Predicted (ft3/slftl Predicted laallm in/ftl Observed laallminl 
CD-26 925.8 927.8 Above Toe 5.0E-05 0.0 2.0E-06 I 0.0 I NA 
D-62 906.2 905.5 Toe 2.1E-04 0.1 Rel ief Well Flow (right well) 

D-63 924.0 921.4 DIS Blanket 2.1E-04 0.1 Predicted (ft'/slft) Predicted (gallmin/ft) Observed (gal/min/100) 
D-64 915.9 916.1 DIS of Blanket 4.8E-04 0.2 B.OE-03 I 3.6 I NA 
D-66 929.7 931.2 
Ava. Absolute Difference !ftl = 1.4 
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Notes: 
1. Observed piezometric data are maximum readings during January 2005 
2. Reliefwells 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) 

Vsat (pcf) Vb(pcf) + (degrees) icv icto 
Tai l Elevation at Pmax FS(p;pingl FS1p;p;ng1 F S(effective-oplift) 
Location l ftl IIToel ID/S of Blanket) ID/S Blanket) 

120.0 57.6 33.0 0.92 0.60 924.5 11.54 34.19 29.06 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax FS(progressive erosion) 
IIToel tToel IID/S of Blanket) Elev. (ft) Elev. (ft) ID/S Blanket Basel lUnder Seepage) 

0.08 0.05 0.03 924.5 916.0 8.77 13.27 
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Bolivar Dam Seepage Analysis - Base Condition 
Station IPool Elevation (ft) ITail Elevation (ft) I 
27+00 1962 1908.5 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage Relief Well Flow (left welll 
Piezometer Predicted l ftl Location Predicted l ft3/slftl Predicted (gal/minlftl Predicted (ft3/slftl Predicted (gal/min/ttl Observed (gal/min) 
CD-26 926.9 Above Toe 8.7E-05 0.0 2.9E-03 I 1.3 NA 
D-62 908.7 Toe 2.3E-04 0.1 Relief Well Flow (right well) 
D-63 924.6 DIS Blanket 3.2E-04 0.1 Predicted (ft'/slft) Predicted (gallmin/ft) Observed (gal/min/100) 
D-64 917.6 DIS of Blanket 4.5E-04 0.2 7.3E-03 I 3.3 NA 
D-66 932.3 
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Distance (ft)(x 1000) 

Model Safety Predictions 
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS) 

Vsat (pcf) Vb(pcf) + (degrees) icv icn 
Tai l Elevation at Pmax FS(p;pingl FS1p;p;ng1 F S(effective-oplift) 
Location l ftl IIToel ID/S of Blanket) ID/S Blanket) 

120.0 57.6 33.0 0.92 0.60 924.5 6.15 10.73 27.06 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax FS(progressive erosion) 
IIToel tToel IID/S of Blanket) Elev. (ft) Elev. (ft) ID/S Blanket Basel lUnder Seepage) 

0.15 0.08 0.09 924.5 916.0 8.79 7.08 
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Bolivar Dam Seepage Analysis - Base Condition 
Station IPool Elevation (ft) ITail Elevation (ft) I 
27+00 1964 1908.5 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage Relief Well Flow (left welll 
Piezometer Predicted l ftl Location Predicted l ft3/slftl Predicted (gal/minlftl Predicted (ft3/slftl Predicted (gal/min/ttl Observed (gal/min) 
CD-26 927.1 Above Toe 9.3E-05 0.0 3.4E-03 I 1.5 I NA 
D-62 908.7 Toe 2.5E-04 0.1 Relief Well Flow (right well) 
D-63 924.7 DIS Blanket 3.4E-04 0.2 Predicted (ft'/slft) Predicted (gallmin/ft) Observed (gal/min/100) 
D-64 917.7 DIS of Blanket 6.5E-04 0.3 7.4E-03 I 3.3 I NA 
D-66 932.8 
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Model Safety Predictions 
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS) 

Vsat (pcf) Vb(pcf) +(degrees) icv icto 
Tai l Elevation at Pmax FS(p;pingl FS1p;p;ng1 F S(effective-oplift) 
Location l ftl IIToel ID/S of Blanket) ID/S Blanket) 

120.0 57.6 33.0 0.92 0.60 924.5 5.77 10.73 27.06 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax FS(progressive erosion) 
IIToel tToel IID/S of Blanket) Elev. (ft) Elev. (ft) ID/S Blanket Basel lUnder 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 IPool Elevation (ft) ITail Elevation (ft) I 
27+00 1982 1930 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage Relief Well Flow (left welll 
Piezometer Predicted l ftl Location Predicted l ft3/slftl Predicted (gal/minlftl Predicted (ft3/slftl Predicted (gal/min/ttl Observed (gal/min) 
CD-26 934.1 Above Toe 3.3E-04 0.1 1.2E-02 I 5.3 I NA 
D-62 930.1 Toe 1.7E-03 0.8 Relief Well Flow (right well) 
D-63 930.9 DIS Blanket 1.8E-03 0.8 Predicted (ft'/slft) Predicted (gallmin/ft) Observed (gal/min/100) 
D-64 930.7 DIS of Blanket 9.8E-05 0.0 9.8E-04 I 0.4 I NA 
D-66 942.0 
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Distance (ft)(x 1000) 

Model Safety Predictions 
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS) 

Vsat (pcf) Vb(pcf) +(degrees) icv icto 
Tai l Elevation at Pmax FS(p;pingl FS1p;p;ng1 F S(effective-oplift) 
Location l ftl IIToel ID/S of Blanket) ID/S Blanket) 

120.0 57.6 33.0 0.92 0.60 930.0 3.30 36.92 21.79 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax FS(progressive erosion) 
IIToel tToel IID/S of Blanket) Elev. (ft) Elev. (ft) ID/S Blanket Basel lUnder Seepage) 

0.28 0.14 0.03 924.5 916.0 14.36 3.79 
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Pool Elevation (ft), 
Tai l Elevation (ft) 
936 894 
949896 
952 906 
962,908.5 
964 908.5 
982 930 

10.0 

9.0 

8.0 

Ui 
!6. 
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!' 6.0 .. 
5.0 VI 

0 
~ 4.0 s
" .f 3.0 

2.0 

1.0 

0.0 
936, 894 

Model Calibration Summary 

Pool Elevation (ft), Field Data 
Tai l Elevation (ft) Date 

FS<•;•w.91 
DIS of Blanket 

4.9 
4.7 
34.2 
10.7 
10.7 
36.9 

949, 896 

FS<•flectiw-upiW!l 
DIS Blanket 

152.5 
81.0 
29.1 
27.1 
27.1 
21.8 

Minimum Factors of Safety Against Erosion 

952, 906 962, 908.5 964, 908.5 

Pool Elevation (It), Tail Elevation (It) 

982, 930 

Additional 

C FS(piping) 
(Toe) 

C FS(piping) 
(DIS of Blanket) 

E!l FS(effective-uplift) 
(DIS Blanket) 

El FS(progressive erosion) 
(Under Seepage) 

~;:P.::oo~l =_9;:3~6,.._,Ta::;i;...l =....;:894;,;.-........,:Se=?:.:..t-.;20;;04::,.:....+------..;2;;;.5;_____f--------;;;.;.;;-------ISeepage noted DIS of blanket on field data dates are 
~;:P.::oo~l =-94~9~, .,;,Ta::;i;1=....;:896~+-.;;;Ja:::.n;..,-1::;9;.;;9,.,;.1-+-----___;;0;;.;.8;------f-----__;;,.;,.;;;..._____--lpredicted by model; flow rates of observed seepage were 
Pool = 952 Tail = 906 Jan-2005 1.4 not measured in field 

Avera e 1.5 
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 
Stat ion IPool Elevation (ft) ITail Elevation (ft) I 
43+00 1929 1888 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage Relief Well Flow 
Piezometer Predicted l ftl Location Predicted (ft3/slftl Predicted (gal/minlftl Predicted (ft3/slftl Predicted (gal/m in/ttl Observed (gal/min/85) 
CD-43 923.8 Toe/Above Toe 4.9E-05 0.0 9.1 E-06 I 0.0 I NA 
CD-5 915.9 DIS Blanket 1.3E-05 0.0 
CD-48A Dry DIS of Blanket 3.9E-03 1.8 
CD-48B Drv 
CD-12 912.9 
CD-24 913.5 
C-04-11 910.7 
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Distance (ft) 

Model Safew Predictions 
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS) 

Vsat (pcf) Vb(pcf) +(degrees) icv icto 
Tai l Elevation at Pmax FS(p;pingl FS1p;p;ngJ F S(effective.uplift) 
Location (ft) (Toe) (D/S of Blanket) (D/S Blanket) 

120.0 57.6 33.0 0.92 0.60 905.9 10.90 9.93 51.71 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax FS(progressive erosion) FS(progressive erosion) 
IIToel fToel IID/S of Blanket) Elev. (ft) Elev. (ft) ID/S Blanket Basel fThrough Seepage) lUnder Seepage) 

0.06 0.06 0.09 906.0 900.0 5.96 12.53 11.41 
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Bolivar Dam Seepage Analysis - Base Condition 
Station IPool Elevation (ft) ITail Elevation (ft) I 
43+00 1936 1894 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage Relief Well Flow 
Piezometer Predicted l ftl Observed l ftl Location Predicted (ft3/slftl Predicted (gal/minlftl Predicted (ft3/slftl Predicted (gal/m in/ttl Observed (gal/min/85) 
CD-43 928.8 NA Toe/Above Toe 9.6E-04 0.4 3.4E-03 I 1.5 I NA 
CD-5 919.6 917.7 DIS Blanket 9.3E-06 0.0 
CD-48A Dry Dry DIS of Blanket 5.3E-03 2.4 
CD-48B Drv Drv 
CD-12 915.8 914.7 
CD-24 916.4 914.7 
C-04-11 912.9 NA 
Avg. Absolute Difference (ft) = 1.2 
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Notes : D i stance (ft) 
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 

Model Safew Predictions 
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS) 

Vsat (pcf) Vb(pcf) + (degrees) icv icto 
Tai l Elevation at Pmax FS(p;pingl FS1p;p;ngJ F S(effective.uplift) 
Location (ft) (Toe) (D/S of Blanket) (D/S Blanket) 

120.0 57.6 33.0 0.92 0.60 906.0 5.99 7.50 17.87 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax FS(progressive erosion) FS(progressive erosion) 
IIToel fToel IID/S of Blanket) Elev . (ft) Elev . (ft) (D/S Blanket Base) fThrough Seepage) lUnder Seepage) 

0.14 0.10 0.12 906.0 900.0 6.31 6.89 8.63 

Plate F27 



Bolivar Dam Seepage Analysis - Base Condition 
Stat ion IPool Elevation (ft) ITail Elevation (ft) I 
43+00 1949 1896 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage Relief Well Flow 
Piezometer Predicted l ftl Observed l ftl Location Predicted (ft3/slftl Predicted (gal/minlftl Predicted (ft3/slftl Predicted (gal/m in/ttl Observed (gal/min/85) 
CD-43 941.7 941.7 Toe/Above Toe 5.0E-03 2.2 1.5E-02 I 6.6 I 6.8 
CD-5 928.1 926.7 DIS Blanket 4.7E-06 0.0 
CD-48A 926.3 922.6 DIS of Blanket 5.0E-03 2.2 
CD-48B Drv Drv 
CD-12 922.5 922.0 
CD-24 925.2 922.2 
C-04-11 NA NA 
Avg. Absolute Difference (ft) = 1.4 
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Notes: Distance (ft) 
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 fl 
4. Seepage was noted at the toe and downstream of the blanket during January 1991 but flow rate was not measured 

Model Safew Predictions 
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS) 

Vsat (pcf) Vb(pcf) + (degrees) icv icto 
Tai l Elevation at Pmax FS(p;pingl FS1p;p;ngJ F S(effective.uplift) 
Location (ft) (Toe) (D/S of Blanket) (D/S Blanket) 

120.0 57.6 33.0 0.92 0.60 906.0 1.44 7.10 7.29 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax FS(progressive erosion) FS(progressive erosion) 
IIToel fToel IID/S of Blanket) Elev. (ft) Elev. (ft) ID/S Blanket Basel fThrough Seepage) lUnder Seepage) 

0.64 0.28 0.13 906.0 900.0 6.76 1.66 8.17 

Plate F28 



Bolivar Dam Seepage Analysis - Base Condition 
Stat ion IPool Elevation (ft) ITail Elevation (ft) I 
43+00 1952 1906 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage Relief Well Flow 
Piezometer Predicted l ftl Observed l ftl Location Predicted (ft3/slftl Predicted (gal/minlftl Predicted (ft3/slftl Predicted (gal/m in/ttl Observed (gal/min/85) 
CD-43 943.5 943.0 Toe/Above Toe 7.6E-03 3.4 2.5E-02 I 11.0 I NA 
CD-5 930.4 929.3 DIS Blanket 3.2E-04 0.0 
CD-48A 929.1 925.9 DIS of Blanket 6.9E-04 0.3 
CD-48B Drv Drv 
CD-12 925.0 925.3 
CD-24 927.5 925.4 
C-04-11 921 .8 921.8 
Avg. Absolute Difference (ft) = 1.0 
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Notes: D istance (ft) 
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 

Model Safew Predictions 
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS) 

Vsat (pcf) Vb(pcf) + (degrees) icv icto 
Tai l Elevation at Pmax FS(p;pingl FS1p;p;ngJ F S(effective.uplift) 
Location (ft) (Toe) (D/S of Blanket) (D/S Blanket) 

120.0 57.6 33.0 0.92 0.60 906.0 1.21 57.69 6.44 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax FS(progressive erosion) FS(progressive erosion) 
IIToel fToel IID/S of Blanket) Elev. (ft) Elev. (ft) ID/S Blanket Basel fThrough Seepage) lUnder Seepage) 

0.76 0.36 0.02 906.0 900.0 6.86 1.40 7.41 

Plate F29 



Bolivar Dam Seepage Analysis - Base Condition 
Station IPool Elevation (ft) ITail Elevation (ft) I 
43+00 1962 1908.5 I 
Model Predictions 
Piezometr ic Levels QuantiwofSeepage Relief Well Flow 
Piezometer Predicted l ftl Location Predicted (ft3/slftl Predicted (gal/minlftl Predicted (ft3/slftl Predicted (gal/m in/ttl Observed (gal/min/85) 
CD-43 952.3 Toe/Above Toe 2.0E-02 9.0 2.6E-02 I 11.7 I NA 
CD-5 936.1 DIS Blanket 3.6E-04 0.2 
CD-48A 934.6 DIS of Blanket 7.9E-04 0.4 
CD-48B 934.5 
CD-12 930.6 
CD-24 932.7 
C-04-11 926.8 
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Distance (ft) 

Model Safew Predictions 
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS) 

Vsat (pcf) Vb(pcf) + (degrees) icv icto 
Tai l Elevation at Pmax FS(p;pingl FS1p;p;ngJ F S(effective-oplift) 
Location (ft) (Toe) (D/S of Blanket) (D/S Blanket) 

120.0 57.6 33.0 0.92 0.60 908.5 1.32 48.58 7.19 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax FS(progressive erosion) FS(progressive erosion) 
IIToel fToel IID/S of Blanket) Elev . (ft) Elev . (ft) ID/S Blanket Basel fThrough Seepage) lUnder Seepage) 

0.70 0.44 0.02 906.0 900.0 9.27 1.52 8.27 

Plate F30 



Bolivar Dam Seepage Analysis - Base Condition 
Stat ion IPool Elevation (ft) ITail Elevation (ft) I 
43+00 1964 1908.5 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage Relief Well Flow 
Piezometer Predicted l ftl Location Predicted (ft3/slftl Predicted (gal/minlftl Predicted (ft3/slftl Predicted (gal/m in/ttl Observed (gal/min/85) 
CD-43 953.8 Toe/Above Toe 2.2E-02 9.9 2.7E-02 I 12.2 I NA 
CD-5 937.1 DIS Blanket 37E-04 0.2 
CD-48A 935.4 DIS of Blanket 8.2E-04 0.4 
CD-48B 935.3 
CD-12 931 .7 
CD-24 933.4 
C-04-11 925.9 
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Model Safew Predictions 
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS) 

Vsat (pcf) Vb(pcf) +(degrees) icv icto 
Tai l Elevation at Pmax FS(p;pingl FS1p;p;ngJ F S(effective-oplift) 
Location (ft) (Toe) (D/S of Blanket) (D/S Blanket) 

120.0 57.6 33.0 0.92 0.60 908.5 1.30 48.58 7.10 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax FS(progressive erosion) FS(progressive erosion) 
IIToel fToel IID/S of Blanket) Elev. (ft) Elev. (ft) ID/S Blanket Basel fThrough Seepage) lUnder Seepage) 

0.71 0.44 0.02 906.0 900.0 9.28 1.50 8.17 

Plate F31 



Bolivar Dam Seepage Analysis - Base Condition 
Station IPool Elevation (ft) ITail Elevation (ft) I 
43+00 1982 1930 I 
Model Predictions 
Piezometric Levels QuantiwofSeepage Relief Well Flow 
Piezometer Predicted (ft) Location Predicted (ft31slftl Predicted (gal/minlftl Predicted (ft31slftl Predicted (gal/minlftl Observed (gal/minl85) 
CD-43 969.9 Toe/Above Toe 4.4E-02 19.7 1.6E-02 I 7.3 I NA 
CD-5 951 .6 DIS Blanket 2.8E-04 0.1 
CD-48A 944.4 DIS of Blanket 6.1 E-04 0.3 
CD-48B 944.3 
CD-12 945.7 
CD-24 944.7 
C-04-11 939.6 
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Distance (ft) 

Model Safew Predictions 
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS) 

Vsat (pcf) Vb(pcf) +(degrees) icv icto 
Tai l Elevation at Pmax FS(p;pingl FS1p;p;ngJ F S(effective-oplift) 
Location (ft) (Toe) (DIS of Blanket) (DIS Blanket) 

120.0 57.6 33.0 0.92 0.60 930.0 2.61 63.66 22.15 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax FS(progressive erosion) FS(progressive erosion) 
I!Toel fToel I!DIS of Blanket) Elev. (ft) Elev. (ft) (DIS Blanket Basel fThrough Seepage) (Under Seepage) 

0.16 0.23 0.01 906.0 900.0 30.25 3.00 25.48 
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Pool Elevation (ft), 
Tail Elevation (ft) 
929 888 
936 894 
949896 
952,906 
962 908.5 
964 908.5 
982 930 

2.5 

~ 2.0 

!' 
~ 1.5 
'ti 
~ 

~ .. 1.0 
IL 

0.5 

929, 888 

Model Calibration Summa 

Pool Elevation (ft), Field Data 
Tai l Elevation (ft) Date 

FS<•;•w.91 
DIS of Blanket 

9.9 
7.5 
7.1 
57.7 
48.6 
48.6 
63.7 

936, 894 

FS<•flectiw-upiW!l 
DIS Blanket 

51.7 
17.9 
7.3 
6.4 
7.2 
7.1 

22.2 

Minimum Factors of Safety Against Erosion 

949, 896 952, 906 962, 908.5 964, 908.5 

Pool Elevation (It), Tail Elevation (It) 

982, 930 

Additional 

1::1 FS(piping) 
(Toe) 

mFS(piping) 
(DIS of Blanket) 

ll!l FS(effective-uplift) 
(DIS Blanket) 

[J FS(progressive erosion) 
(Through Seepage) 

Bl FS(progressive erosion) 
(Under Seepage) 

li:P..:oo;.;;.;....l =-9~3~6~,.,;,Ta::;i;1=~894;;.,;...~Se::;;;.::P;.:.t-.;:;20;,;04:,.:...+------....;.;.:.,______f------;,:NA~-------1Seepage noted in terrace area, at toe, and DIS of 
li:P~oo"'i-1 =-94~9:--.,;,Ta=;i;...l =~896~+-"i'Ja:::.n~-1~9~9~1-+-----~+------+------+.0.~2-------lofblanket on field data dates are predicted by model; 
Pool = 952 Tail = 906 Jan-2005 NA flow rates of observed see a e were not measured in field 

Avera e 0.2 
Notes: 
1. Relief well flow was not measured on maximum piezometric readings date; therefore listed as NA 
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Bolivar Dam Seepage Analysis - Base Condition 
Station IPool Elevation (ft) ITail Elevation (ft) I 
49+00 1929 1888 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage Relief Well Flow 
Piezometer Predicted l ftl Location Predicted (ft3/slftl Predicted (gal/minlftl Predicted (ft3/slftl Predicted (gal/min/ttl Observed (gal/min/100) 
C-04-23 911 .6 Above Toe 7.5E-05 0.0 4.9E-04 I 0.2 I NA 
C-04-24 914.9 Toe 5.1E-03 2.3 
CD-50 912.8 DIS Blanket 2.4E-05 0.0 
D-59 904.0 DIS of Blanket 3.7E-03 1.7 
D-67 915.2 
D-76 916.3 
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Distance (ft) 

Model Safew Predictions 
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS) 

Vsat (pcf) Vb(pcf) +(degrees) icv icto 
Tai l Elevation at Pmax FS(p;pingl FS1p;p;ngJ F S(effective.uplift) 
Location (ft) (Toe) (D/S of B lanket) (D/S B lanket) 

120.0 57.6 33.0 0.92 0.60 906.0 3.33 5.43 55.38 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax FS(progressive erosion) FS(progressive erosion) 
IIToel fToel IID/S of B lanket) Elev. (ft) Elev. (ft) ID/S Blanket Basel fThrough Seepage) lUnder Seepage) 

0.12 0.18 0.17 906.0 900.0 6.10 3.83 6.24 

Plate F35 



Bolivar Dam Seepage Analysis - Base Condition 
Stat ion IPool Elevation (ft) ITail Elevation (ft) I 
49+00 1936 1894 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage Relief Well Flow 
Piezometer Predicted l ftl Observed l ftl Location Predicted (ft3/slftl Predicted (gal/minlftl Predicted (ft3/slftl Predicted (gal/m in/ttl Observed (gal/min/100) 
C-04-23 91 4.1 NA Above Toe 1.1E-03 0.5 5.8E-03 I 2.6 I 3.3 
C-04-24 918.5 NA Toe 9.7E-03 4.4 
CD-50 915.8 915.7 DIS Blanket 3.2E-05 0.0 
D-59 904.1 904.4 DIS of Blanket 4.6E-03 2.1 
D-67 918.1 915.6 
D-76 920.4 920.0 
Avg. Absolute Difference (ft} = 0.8 
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Notes: 
D istance (ft) 

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 100ft 
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 Safew Predictions 
Predicted Exit Gradients (i) and Pressure Head (P} Predicted Minimum Factors of Safety (FS} 

Vsat (pcf) Vb(pcf) + (degrees} icv icto 
Tai l Elevation at Pmax FS(p;pingl FS1p;p;ngJ F S(effective.uplift) 
Location (ft) (Toe} (D/S of Blanket) (D/S Blanket} 

120.0 57.6 33.0 0.92 0.60 906.0 1.87 4.40 50.35 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax FS(progressive erosion) FS(progressive erosion) 
IIToel fToel IID/S of Blanket) Elev. (ft} Elev. (ft) (D/S Blanket Base} fThrough Seepage) lUnder Seepage) 

0.24 0.32 0.21 906.0 900.0 6.11 2.15 5.05 
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Bolivar Dam Seepage Analysis - Base Condition 
Stat ion IPool Elevation (ft) ITail Elevation (ft) I 
49+00 1949 1896 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage Relief Well Flow 
Piezometer Predicted l ftl Observed l ftl Location Predicted (ft3/slftl Predicted (gal/minlftl Predicted (ft3/slftl Predicted (gal/m in/ttl Observed (gal/min/100) 
C-04-23 916.9 NA Above Toe 8.3E-03 3.7 1.1E-02 I 5.0 I 4.88 
C-04-24 923.1 NA Toe 1.4E-02 6.2 
CD-50 919.4 920.6 DIS Blanket 3.5E-05 0.0 
D-59 904.5 NA DIS of Blanket 5.3E-03 2.4 
D-67 923.7 NA 
D-76 925.6 NA 
Avg. Absolute Difference (ft} = 1.2 
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Notes: 
D istance (ft) 

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 Safew Predictions 
Predicted Exit Gradients (i) and Pressure Head (P} Predicted Minimum Factors of Safety (FS} 

Vsat (pcf) Vb(pcf) +(degrees} icv icto 
Tai l Elevation at Pmax FS(p;pingl FS1p;p;ngJ F S(effective.uplift) 
Location (ft) (Toe} (D/S of Blanket) (D/S Blanket} 

120.0 57.6 33.0 0.92 0.60 906.0 0.94 5.77 46.15 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax FS(progressive erosion) FS(progressive erosion) 
IIToel fToel IID/S of Blanket) Elev. (ft} Elev. (ft) ID/S Blanket Basel fThrough Seepage) lUnder Seepage) 

0.82 0.64 0.16 906.0 900.0 6.12 1.08 6.63 
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Bolivar Dam Seepage Analysis - Base Condition 
Station IPool Elevation (ft) ITail Elevation (ft) I 
49+00 1952 1906 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage Relief Well Flow 
Piezometer Predicted l ftl Observed l ftl Location Predicted (ft3/slftl Predicted (gal/minlftl Predicted (ft3/slftl Predicted (gal/m in/ttl Observed (gal/min/100) 
C-04-23 918.3 921.5 Above Toe 1.1E-02 4.8 2.0E-02 I 8.8 I NA 
C-04-24 924.0 924.2 Toe 1.5E-02 6.6 
CD-50 921.2 923.6 DIS Blanket 2.8E-04 0.0 
D-59 906.1 906.2 DIS of Blanket 6.3E-04 0.3 
D-67 924.4 924 
D-76 926.6 927.9 
Avg. Absolute Difference (ft} = 1.3 
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Notes : 
D istance (ft) 

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 Safew Predictions 
Predicted Exit Gradients (i) and Pressure Head (P} Predicted Minim um Factors of Safety (FS} 

Vsat (pcf) Vb(pcf) +(degrees} icv icto 
Tai l Elevation at Pmax FS(p;pingl FS1p;p;ngJ F S(effective.uplift) 
Location (ft) (Toe} (D/S of B lanket) (D/S B lanket} 

120.0 57.6 33.0 0.92 0.60 906.0 0.92 54.30 55.38 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax FS(progressive erosion) FS(progressive erosion) 
IIToel fToel IID/S of B lanket) Elev . (ft} Elev . (ft) ID/S Blanket Basel fThrough Seepage) lUnder Seepage) 

0.81 0.65 0.02 906.0 900.0 6.10 1.06 62.44 
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Bolivar Dam Seepage Analysis - Base Condition 
Station IPool Elevation (ft) ITail Elevation (ft) I 
49+00 1962 1908.5 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage Relief Well Flow 
Piezometer Predicted l ftl Location Predicted (ft3/slftl Predicted (gal/min/ft Predicted (ft3/slftl Predicted (gal/min/ttl Observed (gal/min/100) 
C-04-23 920.0 Above Toe 2.1E-02 9.4 2.1E-02 I 9.4 I NA 
C-04-24 927.5 Toe 2.1E-02 9.4 
CD-50 922.6 DIS Blanket 3.1E-04 0.1 
D-59 908.6 DIS of Blanket 6.9E-04 0.3 
D-67 926.7 
D-76 929.8 
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Distance (ft.) 

Model Safew Predictions 
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS) 

Vsat (pcf) Vb(pcf) +(degrees) icv icto 
Tai l Elevation at Pmax FS(p;pingl FS1p;p;ngJ F S(effective-oplift) 
Location (ft) (Toe) (D/S of B lanket) (D/S B lanket) 

120.0 57.6 33.0 0.92 0.60 908.5 1.00 51.28 184.62 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax FS(progressive erosion) FS(progressive erosion) 
IIToel fToel IID/S of B lanket) Elev. (ft) Elev. (ft) ID/S Blanket Basel fThrough Seepage) lUnder Seepage) 

0.63 0.60 0.02 906.0 900.0 8.53 1.15 58.97 

Plate F39 



Bolivar Dam Seepage Analysis - Base Condition 
Stat ion IPool Elevat ion (ft) ITail Elevation (ft) I 
49+00 1964 1908.5 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage Relief Well Flow 
Piezometer Predicted l ftl Location Predicted (ft3/slftl Predicted (gal/minlft Predicted (ft3/slftl Predicted (gal/m in/ttl Observed (gal/min/100) 
C-04-23 920.7 Above Toe 2.3E-02 10.3 2.2E-02 I 9.9 I NA 
C-04-24 928.0 Toe 2.1E-02 9.4 
CD-50 923.0 DIS Blanket 3.2E-04 0.1 
D-59 908.6 DIS of Blanket 7.2E-04 0.3 
D-67 927.1 
D-76 930.3 

990 r

~ . 
- 990 ..,. 

940 r - 940 

~ 890 f

%0 ~~~ / /,"-r~gr.:::~ '~~ 
' D-59 - 890 '-' 

I: (46+22).s:: 840 f
D-61 CD-50 - 840.... 

~\9 ~~~~ f (5~70) (5~55) 9Jo 

~ /~ "' 0 ~790 r- r.f ~ ~ fa .9;,. ( - 790m r "' ''\ 

740 r - 740 

690 
r r r r r r r r r r r r r r 

690 
-700 -600 -500 -400 -300 -200 -100 0 100 200 300 400 500 600 700 800 

Distance (ft) 

Model Safew Predictions 
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS) 

Vsat (pcf) Vb(pcf) + (degrees) icv icto 
Tai l Elevat ion at Pmax FS(p;pingl FS1p;p;ngJ F S(effective-oplift) 
Locat ion (ft) (Toe) (D/S of B lanket) (D/S B lanket) 

120.0 57.6 33.0 0.92 0.60 908.5 1.00 51.28 184.62 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax FS(progressive erosion) FS(progressive erosion) 
IIToel fToel IID/S of B lanket) Elev. (ft) Elev. (ft) ID/S Blanket Basel fThrough Seepage) lUnder Seepage) 

0.63 0.60 0.02 906.0 900.0 8.53 1.15 58.97 

Plate F40 



Bolivar Dam Seepage Analysis - Base Condition 
Station IPool Elevation (ft) ITail Elevation (ft) I 
49+00 1982 1930 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage Relief Well Flow 
Piezometer Predicted l ftl Location Predicted (ft3/slftl Predicted (gal/minlftl Predicted (ft3/slftl Predicted (gal/min/ttl Observed (gal/min/100) 
C-04-23 936.0 Above Toe 5.1E-02 22.9 1.5E-02 I 6.5 I NA 
C-04-24 941 .1 Toe 4.0E-03 1.8 
CD-50 937.2 DIS Blanket 2.5E-04 0.1 
D-59 930.1 DIS of Blanket 5.6E-04 0.3 
D-67 935.3 
D-76 941 .2 
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Distance (ft) 

Model Safew Predictions 
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS) 

Vsat (pcf) Vb(pcf) +(degrees) icv icto 
Tai l Elevation at Pmax FS(p;pingl FS1p;p;ngJ F S(effective-oplift) 
Location (ft) (Toe) (D/S of Blanket) (D/S Blanket) 

120.0 57.6 33.0 0.92 0.60 930.0 1.32 61.54 55.38 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax FS(progressive erosion) FS(progressive erosion) 
IIToel fToel IID/S of Blanket) Elev. (ft) Elev. (ft) ID/S Blanket Basel fThrough Seepage) lUnder Seepage) 

0.70 0.11 0.02 906.0 900.0 30.10 1.52 63.69 

Plate F41 



Bolivar Dam See 
Station 
49+00 
Model Sa 

Pool Elevat ion (ft), 
Tail Elevat ion (ft) 
929 888 
936 894 
949896 
952,906 
962 908.5 
964 908.5 
982 930 

FS(p;p;ngl 

DIS of Blanket 
5.4 
4.4 
5.8 

54.3 
51.3 
51.3 
61.5 

Minimum Factors of Safety Against Erosion 

[]	FS(piping) 
(Toe)

2.5 

[]FS(piping) ~ 2.0 (DIS of Blanket) 
i 
c'l 1.5 13 FS(effective-uplift) 
~ 

s ~ (DIS Blanket) 

:;l 1.0 

u. 

[]FS(progressive erosion) 
(Through Seepage) 0.5 

llFS(progressive erosion) 
(Under Seepage) 964, 908 5 982, 930 

Additional 

~;:P,.::oo;;;;.- ;.;3:;.;6, .,;,ai,_ 8941 =_9 ~T::::; l =~;o.,;...~S :;::P;.;. 2;,;;;,;...+------..:;0;;;	 0.~::;;e t-.;:;004 .8:------I------;.;7-------ISeepage noted in terrace area, at rock toe, and DIS of 
li:P~'-"i-- ~~ai,_=~oo1 =_949 T=. l 896~~....:;;= ~1-+--------::1~	 O.'i-Jan.:..,-1i:i99 .2~-----I------:::1-------lof blanket on field data dates are predicted by model; 

Pool = 952 Tail = 906 
 Jan-2005 1.3 	 NA flow rates of observed see a e were not measured in field 

Avera e 1.1 0.4 
Notes: 
1. Relief well flow was not measured on maximum piezometric readings date; therefore listed as NA 

929, 888 936, 894 949, 896 952, 906 962, 908 5 

Pool Elevation (It), Tail Elevation (It) 

Model Calibration Summa 

Pool Elevat ion (ft), Field Data Avg. Absolute Difference of Predicte 
Tail Elevat ion (ft) Date and Observed Piezometric Levels (ft) 

Plate F42 
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Bolivar Dam Seepage Analy sis - Base Condition 
Station IPool Elevation (ft) ITail Elevation (ft) I 
51+00 1929 1888 I 
Model Predictions 
Piezometric Levels Quantity of Seepage Relief Well Flow 
Piezometer Predicted (ft) Location Predicted (ft31sl ftl Predicted (gallm inl ftl Predicted (ft31slftl !Predicted (gallminl ftl Observed (gallm inl 100) 
CD-6 915.4 Above Toe 4 .3E-05 0.0 1.7E-03 I 0.8 I NA 
CD-13 905.8 Toe 2.3E-03 1.0 
CD-20 Dry DIS Blanket 3.4E-04 0.2 
D-58 902.4 DIS of Blanket 2.9E-03 1.3 
D-68 910.8 
D-75 918.6 
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Distance (ft) 

Model Safety Predictions 
Predicted Ex it Gradients (i} and Pressure Head (P} Predicted Minimum Factors of Safety (FS} 

Vsat (pet} Vb (pcf} ~ (degrees} icv ich 
Tail Elevation at Pmax FS1p;p;ngJ FS1p;p;ng1 FS!ellective-IJillittl 
Location (ft} (Toe} (DIS of Blanket} (DIS B lanket} 

120.0 57.6 33.0 0.92 0.60 906.0 5.45 6.84 69.23 

ivmax ih max ivmax DIS Blanket Top DIS Blanket Bot. Pmax FS(progressive erosion) FS(progressive erosion} 
fToel Toe) lDIS of B lanket) Elev. (ft} Elev. (ft} DIS Blanket Basel Through Seepage) lUnder 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 
Stat ion IPool Elevation (ft) ITail Elevation (ft) I 
51+00 1936 1894 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage Relief Well Flow 
Piezometer Predicted l ftl Observed l ftl Location Predicted (ft3/slftl Predicted (gal/minlftl Predicted (ft3/slftl Predicted (gal/m in/ttl Observed (gal/min/100) 
CD-6 918.3 915.1 Above Toe 17E-04 0.1 7.3E-03 I 3.3 I 3.8 
CD-13 906.6 903.5 Toe 5.8E-03 2.6 
CD-20 Dry Dry DIS Blanket 4.2E-04 0.2 
D-58 902.6 902.3 DIS of Blanket 4.6E-03 2.1 
D-68 915.5 915.6 
D-75 923.8 922.6 
Avg. Absolute Difference (ft} = 1.6 
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Notes: 
Distance (ft) 

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 100ft 
3. Seepage was noted at the rock toe during September 2004 but flow rate was not measured 

Model Safew Predictions 
Predicted Exit Gradients (i) and Pressure Head (P} Predicted Minimum Factors of Safety (FS} 

Vsat (pcf) Vb(pcf) + (degrees} icv icto 
Tai l Elevation at Pmax FS(p;pingl FS1p;p;ngJ F S(effective-oplift) 
Location (ft) (Toe} (D/S of Blanket) (D/S Blanket} 

120.0 57.6 33.0 0.92 0.60 906.0 171 5.43 61.54 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax FS(progressive erosion) FS(progressive erosion) 
IIToel fToel IID/S of Blanket) Elev. (ft} Elev. (ft) ID/S Blanket Basel fThrough Seepage) lUnder Seepage) 

0.27 0.35 0.17 906.0 900.0 609 1.97 6.24 

Plate F45 



Bolivar Dam Seepage Analysis - Base Condition 
Stat ion IPool Elevation (ft) ITail Elevation (ft) I 
51+00 1949 1896 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage Relief Well Flow 
Piezometer Predicted l ftl Observed l ftl Location Predicted (ft3/slftl Predicted (gal/minlftl Predicted (ft3/slftl Predicted (gal/m in/ttl Observed (gal/min/100) 
CD-6 924.4 923 Above Toe 6.0E-04 0.3 1.4E-02 I 6.1 I 5.7 
CD-13 908.5 '=:907.3 Toe 1.3E-02 5.7 
CD-20 Dry Dry DIS Blanket 5.2E-04 0.2 
D-58 903.1 NA DIS of Blanket 4.7E-03 2.1 
D-68 921 .1 NA 
D-75 930.1 NA 
Avg. Absolute Difference (ft) = 1.4 

990 r- .-. - 990 

~ 

~ ~940 f - 940 

..-.. 

~~/~~'
~ 890 f . +11) (5~:8 +50) ~·, ,. ~~ 

- 890'-' 
c 
0 ~f (53+48)

'l:l 840 f (50+94) - 840 
<IS 91>.0 

9 ~~ 790 f / ~/"""" .J.? .,., ~ -D lo \ CD-13 :t - 790 
~ 

,..
"' s: 0\ "' (51+60) 

740 f - 740 

690 I I I I I I I I I I I I I I 690 
-700 -600 -500 -400 -300 -200 -100 0 100 200 300 400 500 600 700 800 

Notes: 
Distance (ft) 

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 riser 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 fl 
5. Seepage was noted at the rock toe and downstream of the blanket during January 1991 but flow rate was not measured 
Model Safew Predictions 
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS) 

Vsat (pcf) Vb(pcf) +(degrees) icv icto 
Tai l Elevation at Pmax FS(p;pingl FS1p;p;ngJ F S(effective-oplift) 
Location (ft) (Toe) (D/S of Blanket) (D/S Blanket) 

120.0 57.6 33.0 0.92 0.60 906.0 0.64 6.15 46.15 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax FS(progressive erosion) FS(progressive erosion) 
IIToel fToel IID/S of Blanket) Elev. (ft) Elev. (ft) ID/S Blanket Basel fThrough Seepage) lUnder Seepage) 

0.58 0.94 0.15 906.0 900.0 6.12 0.73 7.08 
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Bolivar Dam Seepage Analysis - Base Condition 
Stat ion IPool Elevat ion (ft) ITail Elevation (ft) I 
51+00 1952 1906 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage Relief Well Flow 

Piezometer Predicted l ftl Observed l ftl Location Predicted (ft3/slftl Predicted (gal/minlftl Predicted (ft3/slftl Predicted (gal/m in/ttl Observed (gal/min/100) 
CD-6 926.2 924.2 Above Toe 6.8E-04 0.3 2.2E-02 I 10.1 I NA 
CD-13 909.8 '=:909.8 Toe 1.4E-02 6.2 
CD-20 933.3 934.1 DIS Blanket 4.1E-04 0.2 
D-58 906.2 906.4 DIS of Blanket 5.7E-04 0.3 
D-68 922.2 924.5 
D-75 931 .8 933.6 
Avg. Absolute Difference (ft} = 1.4 
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Notes: 
Distance (ft) 

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 ft 
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 Safew Predictions 
Predicted Exit Gradients (i) and Pressure Head (P} Predicted Minimum Factors of Safety (FS} 

Vsat (pcf) Vb(pcf) + (degrees} icv icto 
Tai l Elevat ion at Pmax FS(p;pingl FS1p;p;ngJ F S(effective.uplift) 
Locat ion (ft) (Toe} (D/S of B lanket) (D/S B lanket } 

120.0 57.6 33.0 0.92 0.60 906.0 0.61 51.28 55.38 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax FS(progressive erosion) FS(progressive erosion) 
IIToel fToel IID/S of B lanket) Elev. (ft} Elev. (ft) ID/S Blanket Basel fThrough Seepage) lUnder 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 IPool Elevation (ft) ITail Elevation (ft) I 
51+00 1962 1908.5 I 
Model Predictions 
Piezometric Levels QuantiwofSeepage Relief Well Flow 
Piezometer Predicted l ftl Location Predicted (ft3/slftl Predicted (gal/minlftl Predicted (ft3/slftl Predicted (gal/min/ttl Observed (gal/min/100) 
CD-6 931.7 Above Toe 2.2E-03 1.0 2.4E-02 I 10.8 I NA 
CD-13 913.7 Toe 2.0E-02 9.0 
CD-20 939.9 DIS Blanket 7.1E-04 0.3 
D-58 908.8 DIS of Blanket 8.9E-04 0.4 
D-68 925.2 
D-75 938.2 
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Distance (ft) 

Model Safew Predictions 
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS) 

Vsat (pcf) Vb(pcf) +(degrees) icv icto 
Tai l Elevation at Pmax FS(p;pingl FS1p;p;ngJ F S(effective-oplift) 
Location (ft) (Toe) (D/S of B lanket) (D/S B lanket) 

120.0 57.6 33.0 0.92 0.60 908.5 0.58 31.83 184.62 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax FS(progressive erosion) FS(progressive erosion) 
IIToel fToel IID/S of B lanket) Elev. (ft) Elev. (ft) ID/S Blanket Basel fThrough Seepage) lUnder Seepage) 

1.14 1.04 0.03 906.0 900.0 8.53 0.66 36.60 
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Bolivar Dam Seepage Analysis - Base Condition 
Station IPool Elevation (ft) ITail Elevation (ft) I 
51+00 1964 1908.5 I 
Model Predictions 
Piezometric Levels QuantiwofSeepage Relief Well Flow 
Piezometer Predicted l ftl Location Predicted (ft3/slftl Predicted (gal/minlftl Predicted (ft3/slftl Predicted (gal/min/ttl Observed (gal/min/100) 
CD-6 932.6 Above Toe 2.6E-03 1.2 2.5E-02 I 11.2 I NA 
CD-13 913.9 Toe 2.1E-02 9.4 
CD-20 940.1 DIS Blanket 7.3E-04 0.3 
D-58 908.8 DIS of Blanket 9.3E-04 0.4 
D-68 926.1 
D-75 939.3 
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Distance (ft) 

Model Safew Predictions 
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS) 

Vsat (pcf) Vb(pcf) +(degrees) icv icto 
Tai l Elevation at Pmax FS(p;pingl FS1p;p;ng) F S(effective-oplift) 
Location (ft) (Toe) (D/S of B lanket) (D/S B lanket) 

120.0 57.6 33.0 0.92 0.60 908.5 0.57 29.78 184.62 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax FS(progressive erosion) FS(progressive erosion) 
IIToel fToel IID/S of B lanket) Elev. (ft) Elev. (ft) ID/S Blanket Basel fThrough Seepage) lUnder Seepage) 

1.17 1.06 0.03 906.0 900.0 8.53 0.65 34.24 
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Bolivar Dam Seepage Analysis - Base Condition 
Station IPool Elevation (ft) ITail Elevation (ft) I 
51+00 1982 1930 I 
Model Predictions 
Piezometr ic Levels Quantiw ofSeepage Relief Well Flow 
Piezometer Predicted l ftl Location Predicted (ft3/slftl Predicted (gal/minlftl Predicted (ft3/slftl Predicted (gal/min/ttl Observed (gal/min/100) 
CD-6 951 .1 Above Toe 1.9E-02 8.3 2.1E-02 I 9.2 I NA 
CD-13 935.8 Toe 1.2E-02 5.6 
CD-20 956.3 DIS Blanket 6.4E-04 0.3 
D-58 930.3 DIS of Blanket 8.2E-04 0.4 
D-68 941 .8 
D-75 955.6 
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Distance (ft) 

Model Safew Predictions 
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS) 

Vsat (pcf) Vb(pcf) +(degrees) icv icto 
Tai l Elevation at Pmax FS(p;pingl FS1p;p;ng1 F S(effective-oplift) 
Location (ft) (Toe) (D/S of B lanket) (D/S B lanket) 

120.0 57.6 33.0 0.92 0.60 930.0 0.48 32.97 55.38 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax FS(progressive erosion) FS(progressive erosion) 
IIToel fToel IID/S of B lanket) Elev. (ft) Elev. (ft) ID/S Blanket Basel fThrough Seepage) lUnder Seepage) 

1.92 0.60 0.03 906.0 900.0 30.10 0.55 37.91 

Plate F50 



Pool Elevation (ft), 
Tai l Elevation (ft) 
929 888 
936 894 
949896 
952, 906 
962 908.5 
964 908.5 
982 930 

25 

Iii
!!:. 2 0 

i 
c'l 15 
0 
~ 
~ 1 0 
u.. 

OS 

929 888 

Model Calibration Summa 

Pool Elevation (ft), Field Data 
Tai l Elevation (ft) Date 

FS10;p;,91 
DIS of Blanket 

6.8 
5.4 
6.2 

51 .3 
31 .8 
29.8 
33.0 

936, 894 

FSI•IIectiw-upiW!l 

DIS Blanket 
69.2 
61.5 
46.2 
55.4 
184.6 
184.6 
55.4 

Minimum Factors of Safety Against Erosion 

949, 896 952, 906 962, 908.5 964, 908.5 

Pool Elevation (It), Tail Elevation (It) 

982, 930 

Additional 

[] FS(piping) 
(Toe) 

llFS(piping) 
(DIS of Blanket) 

13 FS(effective-uplift) 
(DIS Blanket) 

[] FS(progressive erosion) 
(Through Seepage) 

mFS(progressive erosion) 
(Under Seepage) 

li:P..:oo;.;;.;....l =-9~3~6~, .,;,Ta::;i;1=~894;;.,;...~Se::;;;.::P;.:.t-.;:;20;,;04:,.:...+------....;.:.;;------f------~0.;;;.5_____--ISeepage noted at rock toe, and DIS of blanket on field 
li:P~oo"'i-1 =-94~9:'-:i:Ta=;i;...l =~896~+-"i'Ja:::.n~-1~9~9~1-+-----~~------+------+.0.+4-------ldata dates are predicted by model; flow rates of observed 
Pool = 952 Tail= 906 Jan-2005 NA see a e were not measured in field 

Avera e 0.5 
Notes: 
1. Relief well flow was not measured on maximum piezometric readings date; therefore listed as NA 

Plate F51 



Stat ion 
57+00 
Model Ex 
Mater ial Kx ft/s cmls ft/s cmls Model Color 
Core 8.2E-07 1.6E-07 Dark Red 

2.5E-05 S.OE-06 
Shell 6.2E-04 6.2E-05 1 OE-01 1 OE+01 light Purple 

1 9E-02 1.9E-03 
Rock toe 1.6E-01 1.6E-01 1.0E+OO 1 OE+OO ~ 

4.9E+OO 4.9E+OO 
Founda ion silty sand 2.8E-03 2.3E-04 8 5E-02 1 2E+01 

8.4E-02 7.1E-03 
Upstream blanket 4.7E-06 9.4E-07 2 OE-01 5 OE+OO 

1.4E-04 2.9E-05 
Downstream blanket 3.3E-04 1.7E-04 5 OE-01 2 OE+OO 

1 OE-02 S.OE-03 
Reliefwell screen 6.6E-03 1.3E+02 1.9E+04 5.2E-05 Red 

2 OE-01 3.9E+03 
Reliefwell riser 3.2E-08 1.3E+02 3.9E+09 2.6E-10 

99E-07 3.9E+03 
Developed 3.3E-03 1.7E-03 5 OE-01 2 OE+OO 

ravel and outwash 1 OE-01 S.OE-02 
Parapet wall Non-permeable 

Bedrock Non-permeable 

990 

940 Upstrtaa 'blubt - -<2 890._, 
c: 
0 

840 F....taO.siltysud 
-~ 
>
"' 790 
~ SHrock 

740 

Model Mesh and FS Measurement Locations Distance (ft) 
990 990 

940 940 

g 890 890 
c: 
0 
-~ 
> 

840 840 

.!! 790 
~ 

790 

740 740 

690 
-700 

Distance (ft) 

Plate F52 



Bolivar Dam Seepage Analysis - Base Condition 
Station IPool Elevation !ftl ITail Elevation !ftl I 
57+00 1929 1888 I 
Model Predictions 
Piezometric Levels Quantity of Seepage Relief Well Flow 
Piezometer Predicted (ftl Location Predicted (ft3/slftl Predicted (gal/minlftl Predicted !ftl/s/ftl IPredicted (gal/minlftl 
CD-7 91 1.9 Above Toe 8.0E-05 0.0 2.1E-05 I 0.0 
D-55 904.0 Toe 1.4E-04 0.1 
D-06-28 912.1 DIS Blanket 1.1E-04 0.0 
D-06-29 899.7 DIS of Blanket 4.7E-03 2.1 

990 -

~~ 
- 990 

940 - ..,. - 940-<E' 890 -

~ 
I I CD7 1 I ' D--55 

, 890'-" D-06-28 \~D-06-29 \ -.;;.:r 89Qs:: (58+ 50) (60+08) (56+98) -'58+50) 0 ~ <%>J' r ~-·.::: 840 - .,., 
~ Relief 0 8400) 

0:::"' I "' V>Well 8: \> 8:Q) 
790 - - 790ii3 
740 - - 740 

690 I I I I I I I I I I I I I I 690 
-700 -600 -500 -400 -300 -200 -100 0 100 200 300 400 500 600 700 800 

Distance (ft) 

Model Safetv Predictions 
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS) 

y.,., (pcf) v. (pcf) ~(degrees) icv ich 
Tail Elevation at Pmax FS1p;p;ngJ FS(p;p;ng) FSI•IIe<:~piW!l 
Location (ft) (Toe) (DIS of Blanket) (DIS Blanket) 

120.0 57.6 33.0 0.92 0.60 906.0 14.99 5.43 1015.38 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax F S (progressive Nosion) 

I!Toel Toe) DIS of Blanket) Elev. (ft) Elev. (ft) DIS Blanket Basel I!Under Seepage) 
0.04 0.04 0.17 906.0 895.0 11.01 6.24 

Plate F53 



Bolivar Dam Seepage Analysis - Base Condition 
Stat ion IPool Elevat ion !ftl ITail Elevation !ftl I 
57+00 1936 1894 I 
Model Predictions 
Piezometric Levels Quantity of Seepage Relief Well Flow 
Piezometer Predicted (ftl Observed (ftl Location Predicted (ft3/slftl Predicted (gal/minlftl Predicted !ftl/s/ftl !Predicted (gal/minlftl !Observed (gal/min/100) 
CD-7 914.5 913.2 Above Toe 1.7E-04 0.1 9.0E-04 I 0.4 I 1.0 
D-55 904.9 902.0 Toe 1.7E-03 0.8 
D-06-28 914.6 NA DIS Blanket 2.6E-04 0.1 
D-06-29 900.7 NA DIS of Blanket 5.6E-03 2.5 
Avg. Absolute Difference (ft) = 2.1 

990 r

4~ 
- 990 

940 f ~ - 940 

<E' 
..........--~ __ / 

.... ,890 f ~935 / t~f I CD-7 \ 890'-" D-06-2 '8 D-55 

~~ ___,81 1t:l (58+ 50 (~OS) "'(56+98) (58+ .sa 840 f
cf':F> 

~~ l~ well) 840
(;j / "" %;> "' ~ 790 f-

I - 790 w 
740 f - 740 

690 I I I I I I I I I I I I I I 690 
-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 September 2004 
2. Observed reliefwell flow was measured during September 2004 in well W-30; observed flow was divided by 100 due to well spacing of 100ft 
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 fall2006 and therefore had not yet provided data which could be used for calibration 

Model Safetv Predictions 
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS) 

v.... (pcf} v. (pcf} ~(degrees) icv ich 
Tail Elevation at Pmax FS1p;p;ngJ FS(p;p;ng) FSI•IIe<:~piW!l 
Location (ft) (Toe) (DIS of Blanket) (DIS Blanket) 

120.0 57.6 33.0 0.92 0.60 906.0 8.56 4.40 507.69 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax F S (progressive Nosion) 

I!Toel Toe) DIS of Blanket) Elev. (ft) Elev. (ft) DIS Blanket Basel I!Under Seepage) 
0.08 0.07 0.21 906.0 895.0 11.02 5.05 

Plate F54 



Bolivar Dam Seepage Analysis - Base Condition 
Station IPool Elevation !ftl ITail Elevation !ftl I 
57+00 1949 1896 I 
Model Predictions 
Piezometric Levels Quantity of Seepage Relief Well Flow 
Piezometer Predicted (ftl Observed (ftl Location Predicted (ft3/slftl Predicted (gal/minlftl Predicted !ftl/s/ftl !Predicted (gal/minlftl !Observed (gal/min/100) 
CD-7 918.2 919.3 Above Toe 2.2E-04 0.1 4.9E-03 I 2.2 I 1.9 
D-55 905.0 NA Toe 2.5E-03 1.1 
D-06-28 918.5 NA DIS Blanket 3.2E-04 0.1 
D-06-29 901.1 NA DIS of Blanket 5.3E-03 2.4 
Avg. Absolute Difference (ft) = 1.1 

990 r- Jilt - 990 

~~940 f - 940 

~ -'-' 890 f

----~ I j j o~i_~s CD7 ~b \ -~5 
- 890 

D~~~l:l J 945 r (58 0) (60+08) "' 56+98) (58+ 50) .2 840 f- I ~ 2 ~ ~ ~~ ~ R.elio .9oo - 840.... 
"' / .,__,o. Well ~.J';> 
..!! 790 f - 790w 

740 f - 740 

690 I I I I I I I I I I I I I I 690 
-700 ~00 -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. Observed relief well flow was measured during January 1991 in well W-30; observed flow was divided by 100 due to well spadng of 100 fl 
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 fall2006; therefore they had not yet provided data which could be used for calibration 

Model Safetv Predictions 
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minim um Factors of Safety (FS) 

y.,., (pcf} v. (pcf} ~(degrees) icv ich 
Tail Elevation at Pmax FS1p;p;ngJ FS(p;p;ng) FSI•IIe<:~piW!l 
Location (ft) (Toe) (DIS of Blanket) (DIS Blanket) 

120.0 57.6 33.0 0.92 0.60 906.0 6.66 3.55 20308 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax F S (progressive Nosion) 

I!Toel Toe) DIS of Blanket) Elev. (ft) Elev. (ft) (DIS Blanket Base) I!Under Seepage) 
0.12 0.09 0.26 906.0 895.0 11.05 4.08 

Plate F55 



Bolivar Dam Seepage Analysis - Base Condition 
Stat ion IPool Elevat ion !ftl ITail Elevation !ftl I 
57+00 1952 1906 I 
Model Predictions 
Piezometric Levels Quant ity of Seepage Relief Well Flow 
Piezometer Predicted (ftl Observed (ftl Location Predicted (ft3/slftl Predicted (gal/minlftl Predicted !ftl/s/ftl !Predicted (gal/minlftl !Observed (gal/min/100) 
CD-7 919.2 921.9 Above Toe 2.4E-04 0.1 1.2E-02 I 5.4 I NA 
D-55 906.0 ~6 Toe 2.7E-03 1.2 
D-06-28 919.5 NA DIS Blanket 1.2E-04 0.1 
D-06-29 906.1 NA DIS of Blanket 2.6E-04 0.1 
Avg. Absolute Difference (ft) = 1.3 

990 r

~~ 
- 990 

940 r - 940 

..-.. 
¢::: 890 f ,.----5 950 / ~/ J I I ~:~~\ \ 

I IJ-) ) - 890
'-' ' 0429 
t:l 

~- <)~S ~ 
(56+98) (5&+50).9 840 r / 

tl <:> :q ~ ~ Relief - 840
(;j /" 0: "' v. w.o;> 
~ 790 r - 790 w 

740 f - 740 

690 I I I I I I I I I I I I I I 690 
-700 ~00 -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; 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 
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 fall2006 and therefore had not yet provided data which could be used for calibration 

Model Safetv Predictions 
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minim um Factors of Safety (FS) 

y.,., (pcf} v. (pcf} ~(degrees) icv ich 
Tail Elevation at Pmax FS1p;p;ngJ FS(p;p;ng) FS(efle<:~piWI) 
Locat ion (ft) (Toe) (DIS of Blanket) (DIS Blanket) 

120.0 57.6 33.0 0.92 0.60 906.0 5.45 92.31 101 .54 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax F S (progressive Nos ion) 

I!Toel Toe) DIS of Blanket) Elev. (ft) Elev. (ft) DIS Blanket Basel I!Under Seepage) 
0.12 0.11 0.01 906.0 895.0 11.10 6.27 

Plate F56 



Bolivar Dam Seepage Analysis - Base Condition 
Stat ion IPool Elevat ion !ftl ITail Elevation !ftl I 
57+00 1962 1908.5 I 
Model Predictions 
Piezometric Levels Quantity of Seepage Relief Well Flow 
Piezometer Predicted (ftl Location Predicted (ft3/slftl Predicted (gal/minlftl Predicted !ftl/s/ftl IPredicted (gal/minlftl 
CD-7 922.8 Above Toe 4.3E-04 0.2 1.4E-02 I 6.3 
D-55 908.5 Toe 3.5E-03 1.6 
D-06-28 924.2 DIS Blanket 1.4E-04 0.1 
D-06-29 908.6 DIS of Blanket 2.9E-04 0.1 

990 r

~~ 
- 990 

940 f - 940 -<E' 890 f ~ - .-/ / .1 I I ~ D 06# CD7 :)\ \ ;~ ·~ss 
, 890'-" 

~-29t:l ? 55 1. 
(SS+t i (60+08) '0 (56+98) (SS+SO).sa 840 f

""' V> 

0 
~ 0 V> "' -e. ReDef 1 840

(;j / ~ ~ ~ S! ~ •}) ~;> "' ~ 790 f - 790 w 
740 f - 740 

690 I I I I I I I I I I I I I I 690 
-700 -600 -500 -400 -300 -200 -100 0 100 200 300 400 500 600 700 800 

Distance (ft) 

Model Safetv Predictions 
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS) 

y.,., (pcf) v. (pcf) ~(degrees) icv ich 
Tail Elevation at Pmax FS1p;p;ngJ FS(p;p;ng) FSI•IIe<:~plifll 
Location (ft) (Toe) (DIS of Blanket) (DIS Blanket) 

120.0 57.6 33.0 0.92 0.60 908.5 5.99 92.31 253.85 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax F S (progressive Nosion) 

I!Toel Toe) DIS of Blanket) Elev. (ft) Elev. (ft) DIS Blanket Basel I!Under Seepage) 
0.14 0.10 0.01 906.0 895.0 13.54 6.89 

Plate F57 



Bolivar Dam Seepage Analysis - Base Condition 
Stat ion IPool Elevat ion !ftl IT ail Elevation !ftl I 
57+00 1964 1908.5 I 
Model Predictions 
Piezometric Levels Quantity of Seepage Relief Well Flow 
Piezometer Predicted (ftl Location Predicted (ft3/slftl Predicted (gal/minlftl Predicted !ftl/s/ftl IPredicted (gal/minlftl 
CD-7 924.7 Above Toe 4.6E-04 0.2 1.5E-02 I 6.5 
D-55 908.5 Toe 3.6E-03 1.6 
D-06-28 924.8 DIS Blanket 1.5E-04 0.1 
D-06-29 908.6 DIS of Blanket 3.1E-04 0.1 

990 - . - 990 

~~940 - - 940 -~ 890 -
~// 

- 890
'-' I I I D-06-28 CD-7 , \ \ 0 

0 0-55 D-06-29t:l (58+50\ (6<Hl8) 0\ 
(56+98) (58+ 50) 0 

~~ {,1 ~ :::: 0 VI -D -!>-~ 840 - hlief - 840 

"' 0\ a\ ~ ~ ~ (,. ~;> "l -, 0\ 
> 

~ 790 - - 790 w 
740 - - 740 

690 
I I I I I I I I I I I I I I 

690 
-700 -600 -500 -400 -300 -200 - 100 0 100 200 300 400 500 600 700 800 

Distance (ft) 

Model Safetv Predictions 
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS) 

y.,., (pcf) v. (pcf) ~(degrees) icv ich 
Tail Elevation at Pmax FS1p;p;ngJ FS<p;p;ng) FS<·-~••Wtl 
Location (ft) (Toe) (DIS of Blanket) (DIS Blanket) 

120.0 57.6 33.0 0.92 0.60 908.5 5.45 92.31 253.85 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax F S (progressive Nosion) 

I!Toel Toe) DIS of Blanket) Elev. (ft) Elev. (ft) DIS Blanket Basel I!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 IPool Elevation !ftl ITail Elevation !ftl I 
57+00 1982 1930 I 
Model Predictions 
Piezometric Levels Quantity of Seepage Relief Well Flow 
Piezometer Predicted (ftl Location Predicted (ft3/slftl Predicted (gal/minlftl Predicted !ftl/s/ftl IPredicted (gal/minlftl 
CD-7 945.1 Above Toe 1.0E-03 0.5 1.4E-02 I 6.1 
D-55 930.0 Toe 2.2E-03 1.0 
D-06-28 945.1 DIS Blanket 1.4E-04 0.1 
D-06-29 930.1 DIS of Blanket 2.9E-04 0.1 

990 r ..,. 

~ 
- 990 

940 f ~ = - 940 

..-.. -¢:: 890 r .J. 9go~/ I I I j D-06-28 CD-7 \ \ 930 ' 890
'-' • u ->J D-06-29 
t:l 

~'),, (58+50) (~ (56+98) (58+50).9 
(;j 

840 f 'l"~ ~ ~ 
0 

~ ~ % Relief 1 840 

I ~ ~ WeD;> 
~ 790 r - 790w 

740 f - 740 

690 I I I I I I I I I I I I I I 690 
-700 ~00 -500 -400 -300 -200 -100 0 100 200 300 400 500 600 700 800 

Distance (ft) 

Model Safetv Predictions 
Predicted Exit Gradients (i) and Pressure Head (P) Predicted Minimum Factors of Safety (FS) 

y.,., (pcf) v. (pcf) ~(degrees) icv ich 
Tail Elevation at Pmax FS1p;p;ngJ FS(p;p;ng) FS(efle<:~piWI) 
Location (ft) (Toe) (DIS of Blanket) (DIS Blanket) 

120.0 57.6 33.0 0.92 0.60 930.0 6.59 92.31 101 .54 

ivmax ihmax ivmax DIS Blanket Top DIS Blanket Bot. Pmax F S (progressive Nosion) 

I!Toel Toe) DIS of Blanket) Elev. (ft) Elev. (ft) DIS Blanket Basel I!Under Seepage) 
0.14 0.09 0.01 906.0 895.0 35.10 7.58 

Plate F59 



Bolivar Dam See 
Station 
57+00 
Model Sa 

Pool Elevat ion (ft), 
Tail Elevat ion (ft) 
929 888 
936 894 
949896 
952,906 
962 908.5 
964 908.5 
982 930 

FS(p;p;ngl 

DIS of Blanket 
5.4 
4.4 
3.6 

92.3 
92.3 
92.3 
92.3 

Minimum Factors of Safety Against Erosion 

10.0 

9.0 

8.0 

~ 7.0 

b 6.0 
.! 
c'l 5.0 
~ 
~ 4.0 s 
u.. 3.0 u. 

2.0 

1.0 

0.0 
929, 888 936, 894 949, 896 952, 906 962, 908.5 964, 908.5 

Pool Elevation (It), Tail Elevation (It) 

Model Calibration Summa 

Pool Elevat ion (ft), Field Data Avg. Absolute Difference of Predicte 
Tail Elevat ion (ft) Date and Observed Piezometric Levels (ft) 

982, 930 

Additional 

Iii FS(piping) 
(Toe) 

C FS(piping) 
(DIS of Blanket) 

l!il FS(effective-uplift) 
(DIS Blanket) 

l!ii FS(progressive erosion) 
(Under Seepage) 

~;:P,.::oo;;;;.-1 =_9;.;3:;.;6~, .,;,T::::;ai,_l =~894;o.,;...~S::;;e:.tp;.;.t-.;:;2;,;004;;,;...+------..:;2;;.,. 1:------I--------;~:-------ISeepage noted D/S of blanket on field data dates are 
li:P~oo'-"i--1 =_94~9~T=.ai,_l =~896~~--'i'Ja=n.:..,-1i:i99~1-+--------;1~. 1~-----l--------'~'--------lpredi cted by model; flow rates of observed seepage were 
Pool = 952 Tail = 906 Jan-2005 1.3 not measured in field 

Avera e 1.5 
Notes: 
1. Relief wells flow was not measured on maximum piezometric readings date; therefore listed as NA 

Plate F60 
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